Western University

Scholarship@Western

Western® Graduate& PostdoctoralStudies

Electronic Thesis and Dissertation Repository

8-15-2023 10:00 AM

Loudness Matching in Individuals with Parkinson’s Disease and
Hypophonia
Catherine Johnson, The University of Western Ontario

Supervisor: Adams, Scott G., The University of Western Ontario

A thesis submitted in partial fulfillment of the requirements for the Master of Science degree in
Health and Rehabilitation Sciences

© Catherine Johnson 2023

Follow this and additional works at: https://ir.lib.uwo.ca/etd

6‘ Part of the Speech and Hearing Science Commons

Recommended Citation

Johnson, Catherine, "Loudness Matching in Individuals with Parkinson’s Disease and Hypophonia" (2023).
Electronic Thesis and Dissertation Repository. 9512.

https://ir.lib.uwo.ca/etd/9512

This Dissertation/Thesis is brought to you for free and open access by Scholarship@Western. It has been accepted
for inclusion in Electronic Thesis and Dissertation Repository by an authorized administrator of
Scholarship@Western. For more information, please contact wiswadmin@uwo.ca.


https://ir.lib.uwo.ca/
https://ir.lib.uwo.ca/etd
https://ir.lib.uwo.ca/etd?utm_source=ir.lib.uwo.ca%2Fetd%2F9512&utm_medium=PDF&utm_campaign=PDFCoverPages
https://network.bepress.com/hgg/discipline/1033?utm_source=ir.lib.uwo.ca%2Fetd%2F9512&utm_medium=PDF&utm_campaign=PDFCoverPages
https://ir.lib.uwo.ca/etd/9512?utm_source=ir.lib.uwo.ca%2Fetd%2F9512&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:wlswadmin@uwo.ca

Abstract
The purpose of the present study was to investigate speech loudness perception in 15
individuals with Parkinson’s disease (IWPD) and hypophonia (reduced speech intensity)
and 15 healthy control (HC) participants. A loudness matching procedure was used to
examine conditions involving speech loudness targets presented at various levels (60 to
80 dB SPL). The loudness response conditions included manually controlled audio
playback of external speech, self-vocalized speech, amplified self-speech, and speech
projected to a distance of 2 meters. For most of the loudness matching conditions, the PD
group did not demonstrate the predicted deficit in loudness matching. In some loudness
matching conditions, the PD group had lower (more accurate) error scores than the HC
group. More specifically, for most of the loudness matching conditions involving self-
vocalized (imitation) responses, the PD group had significantly lower error scores than
the HC group. This result is inconsistent with previous studies of speech loudness
imitation in PD. In addition, the finding that a PD group had better performance than a
HC group is judged to be unique in the field of speech perception and production. Factors
that may have influenced these results include the ordering of experimental conditions,
the facilitating effect of a preceding limb motor task, hypophonia symptom severity, and
PD-related enhancement of feedback processes. Future studies are required to replicate

and further examine these speech loudness matching results in IWPD and hypophonia.
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Summary For Lay Audience
Parkinson’s Disease is a degenerative neurological disorder that causes movement
abnormalities and speech problems. Quiet speech, also called hypophonia is one of the
most common speech symptoms in Parkinson’s Disease. The purpose of the present study
was to investigate speech loudness perception in 15 individuals with Parkinson’s disease
(IWPD) and hypophonia (reduced speech intensity) and 15 healthy control (HC)
participants. A loudness matching procedure was used to examine conditions involving
speech loudness targets presented at various levels (60 to 80 dB SPL). The main loudness
response conditions included 1) a hand-controlled audio playback of external speech
sounds through a loudspeaker and 2) their own spoken speech. The amplification and
projection distance of the loudness responses was adjusted during some parts of the study.
For most of the loudness matching conditions, the PD group did not demonstrate the
predicted deficit in loudness matching. In some loudness matching conditions, the PD
group had lower (more accurate) error scores than the HC group. More specifically, for
most of the loudness matching conditions involving self-spoken responses, the PD group
had significantly lower loudness matching error scores than the HC group. This result is
inconsistent with previous studies of speech loudness imitation in PD. In addition, the
finding that a PD group had better performance than a HC group is judged to be unique in
the field of speech perception and production. Factors that may have influenced these
results include the ordering of experimental conditions, the facilitating effect of a
preceding limb motor task, and the severity of hypophonia in the PD group. Future
studies are required to replicate and further examine these unique speech loudness

matching results in IWPD and hypophonia.
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Chapter 1
1.1 Parkinson’s Disease

Parkinson’s Disease (PD) is a neurological disorder which results from a deficit of
dopamine in the basal ganglia. This deficit results in a wide array of symptoms, several of
which involve motor impairments, such as rigidity, akinesia, and rest tremor, as well as
motor speech impairments (Balestrino & Schapira, 2020; Bloem et al., 2021; Duffy,
2019). It is estimated that in industrialized countries, PD has a prevalence of 1% in those
60 years and older, and 3% in the 80 years and older population (Balestrino & Schapira,
2020; Lee & Gilbert, 2016). Bloem et al. (2021) reported in 2016, the number of those
affected globally was 6.1 million, and for reasons unknown, the prevalence has been
quickly rising. Bruno and DeFreitas (2019) stated that in Canada, the prevalence of PD
was 170 per 100,000 people in 2013-2014, and this is expected to rise by 65% by 2031
due to Canada’s aging population (Bruno & DeFreitas, 2019; Gaskin et al., 2017; Grimes
et al., 2012). The incidence of PD increases with age, with a peak occurring between the
ages of 70 to 79 years (Pringsheim et al., 2014). However, Bloem et al. (2021) state that
PD should not be thought as exclusively affecting older populations, as 25% of affected
individuals are younger than 65, and 5-10% are below the age of 50 years.

PD is characterized by cellular lesions in the neuronal cell body, called Lewy bodies
(Braak et al., 2003). Disease progression can vary across individuals, depending on the
severity, or number of Lewy bodies present in the affected brain regions. A hallmark of
PD is lesions present in the substantia nigra, but lesions can also be found elsewhere, such
as subnuclei of the thalamus and amygdala (Braak et al., 2003). Braak and colleagues
(2003) broke disease progression into six stages, based on number of lesions, and the

areas affected. Stage one includes the medulla oblongata, and with the addition of pontine



tegmentum leading to stage two. Stage three involves the midbrain, stage four the basal
prosencephalon and the mesocortex, and stages four and five both involving the
neocortex (Halliday & McCann, 2009; Braak et al., 2003). Disease progression and
survival is quite heterogeneous across individuals with PD. Longitudinal survival studies
of PD report mean duration of disease onset to death ranging from 10 to 25 years
(Macleod et al., 2014). Most of these survival studies suggest that the heterogeneity of
survival duration is influenced by several factors such as the age of disease onset (older
onset associated with shorter survival times) and symptom profile (i.e., earlier cognitive
dysfunction and gait problems associated with shorter survival times (De Pablo-
Fernandez et al., (2019)).

PD does not have a cure but is often treated with pharmaceuticals to replace the
reduced amount of dopamine within the nervous system. Levodopa is the most commonly
prescribed drug to individuals with Parkinson’s Disease (IWPD) to help with motor
symptoms, and its effects on speech symptoms continues to be explored (Cushnie-
Sparrow et al., 2018; Im et al., 2018).

1.2 Speech in Parkinson’s Disease

IWPD often experience motor speech impairments. It is estimated that 65%-70% of
IWPD exhibit lower speech intelligibility compared to healthy controls (Coates &
Bakheit, 1997; Miller et al., 2007). These speech impairments may present as festinating
speech, reduced prosody, poor voice quality, and hypophonia (Ho, Bradshaw et al.,
1999). Darley, Aronson and Brown (1975) identified the most distinctive characteristics
of speech in hypokinetic dysarthria as: monopitch, reduced stress, monoloudness,
inappropriate silences, short rushes, rapid rate, and reduced loudness level. As

hypokinetic dysarthria is commonly associated with PD, this can result in reduced speech



intelligibility, thus causing detrimental effects on an IWPDs ability to effectively
communicate.
1.3 Hypophonia and reduced speech intensity in Parkinson’s Disease

A common impairment of speech in PD is hypophonia, or reduced speech intensity.
Reduced speech intensity has been identified as one of the most distinctive speech
impairments of PD (Darley et al., 1975). This can become a frustrating impairment for
many IWPD, as they may be continually asked to repeat themselves and may withdraw
from many conversations and social interactions (Dykstra et al., 2015). Hypophonia often
presents early in the disease (Logemann et al., 1997) and while the prevalence of
hypophonia is not truly known, Adams and Dykstra (2009) have suggested that
standardized speech testing is not curated to acknowledge the complexity of speech in
PD. Thus, certain abnormalities of speech such as hypophonia or rapid rate, may not be
accurately identified in standardized assessments. In general, it has been shown that
IWPD speak at intensity levels 2-4 decibels (dB) sound pressure level (SPL) lower than
healthy control (HC) participants in laboratory-controlled settings, and approximately 7-8
dB SPL lower than HC participants when in their regular, daily environment (Gustafsson
et al., 2019). The reduction of speech loudness can also be associated with uncertainty
and puzzlement in IWPD because they frequently report perceiving themselves as
sufficiently loud despite other listeners having difficulty hearing their speech (Fox &
Ramig, 1997; Ho et al., 2000). These reduced intensity levels can significantly impact an
individual’s speech intelligibility and communication effectiveness (Dykstra et al., 2015).

The effect of hypophonia on an individual’s communication effectiveness, can be
directly connected to their quality of life. A study by Soleimani et al. (2016) found

IWPDs were unable to communicate effectively with others reported reductions in social



interactions and increased feelings of depression. The reduction in social experiences in
some cases were attributed to the reduced effectiveness in communication due to the
reduced speech intensity (Soleimani et al., 2016). A study by Dykstra et al. (2015)
investigated communicative effectiveness in PD hypophonia, and found this population
experienced reduced communicative effectiveness in adverse environments such as those
with increased background noise, or when speaking with a communication partner (CP) at
an increased distance. The effects of hypophonia on communication effectiveness can
also be felt by CPs as they often rate the IWPD’s communication effectiveness as being
reduced (Dykstra et al., 2015).

Why this reduction in speech loudness occurs is unknown. However, several previous
studies have indicated that IWPD may have a specific deficit in the perception of self-
loudness of speech and that this may have a causal role in hypophonia associated with PD
(Adams et al. 2006; Clark et al., 2014; Ho, lansek et al., 1999). This highlights the
importance of conducting additional studies of self-perception of loudness in IWPD and
continuing to examine the potential role of impaired loudness perception in hypophonia.
The topic of self-loudness perception will be addressed in more detail in a separate
section (1.6.4).

1.4 Conditions that Influence Speech Intensity in PD

Comparing external conditions that affect speech intensity in healthy control (HC)
participants to IWPD may provide insight into the intensity regulation processes that are
impaired in hypophonia. Previous investigations into the cause of hypophonia have
postulated that reduced speech intensity could be related to a sensory deficit or a
sensorimotor integration deficit (McCaig et al., 2015). Several intensity-regulation

conditions or factors have been considered in previous studies of hypophonia in PD.



These include the effects of varying levels of background noise, interlocuter distances,
speech tasks, levels of intensity feedback, and levels of speech amplification (Adams et
al., 2006; Adams et al., 2010; Andreetta et al., 2016; Junqua et al., 1999; Senthinathan et
al., 2021).
1.4.1 Background noise and Speech Intensity

Background noise has a significant effect on speech intensity in HC participants
(Luo et al., 2018). In the presence of noise, adjustments are made to speech intensity
levels to overcome the competing noise. This adjustment in speech intensity in response
to different levels of background noise is referred to as the Lombard Effect (Lane et al.,
1970). An increase in speech intensity in response to increases in environmental noise is
known as a positive Lombard effect. It has been shown that this is largely an automatic
phenomenon. Pick et al. (1989) found that the Lombard effect can be very robust even
when individuals are explicitly trained to suppress the effect. In this study, it was found
that providing the participants with instruction to suppress the Lombard effect did not
result in suppression, but when visual feedback on vocal intensity was shown, the
Lombard effect was able to be supressed (Pick et al., 1989). A study by Therrien et al.,
(2012) explored the potential sensory feedback processes that could be involved in the
Lombard effect, including the potential interaction between auditory and somatosensory
feedback in eliciting the Lombard effect in self-vocalization. The authors connected the
comparison of the outputs during vocalization with the incoming afferent signals, to
attenuation of self-generated sensory feedback. Thus, regarding the Lombard effect, self-
generated vocalizations are perceived as having reduced intensity, and without alternate
reliable sensory information to calibrate intensity levels, participants automatically

increase vocal intensity. After finding evidence to support that auditory feedback, as well



as somatosensory feedback from the speech effectors were involved in adjusting speech
intensity levels, the authors suggest that there could be a possible mechanism by which
sensory attenuation affects somatosensory feedback from self-vocalizations (Therrien et
al., 2012).

It is known that background noise can have an impact on speech intensity in
healthy controls but understanding how this impacts speech intensity in IWPD is
important to explore. A study by Ho, Bradshaw et al. (1999) explored this concept by
systematically increasing the intensity of background noise (pink noise at 10-30 dB above
threshold) while participants read aloud and conversed with the examiner. This study
found that IWPD consistently talked at a quieter intensity than HC and they did not
effectively increase their speech intensity when background noise was introduced. This
suggested that IWPD may have lacked a Lombard effect response, while HC exhibited a
positive Lombard effect. It was concluded that IWPD were unable to appropriately adjust
their speech intensity to accommodate for competing background noise. Adams et al.
(2006) also explored this concept by instructing HCs and IWPDs to perform various
speech tasks under different multi-talker noise conditions (50, 55, 60, 65 and 70 dB SPL
noise conditions). They found that as the multi-talker noise increased, speech intensity
levels also increased (positive Lombard response) in both HCs and IWPDs. However,
IWPDs were consistently and significantly lower in speech intensity in comparison to
HCs (Adams et al., 2006). This suggests that IWPDs consistently underestimate speech
intensity, across noise conditions. However, their response to the increasing background
noise was indicative of a positive Lombard Effect that appeared to show a parallel
function (noise level vs. speech intensity response) to that of the HC. These opposing

results may be due to differing methods of stimulus delivery, as well as the stimulus that



was delivered. In the study by Ho, Bradshaw et al. (1999) sound was delivered through
headphones, directly to the participants ears as well as using pink noise as the background
noise. The stimulus was also presented at noise levels below 50 dB SPL. The study done
by Adams et al. (2006) played the noise through a speaker, used multi-talker noise, and
presented the noise at levels of 50 dB SPL and higher.

For the purposes of the present study, the above discussion was focused on the
effects of noise on speech intensity. However, it should be noted that background noise
can have an important effect on the clarity or intelligibility of speech. This becomes
particularly important when the noise intensity level approaches that of the speech
intensity level.

The “speech-to-noise ratio” (SNR) as described by Adams et al. (2008) and
DeBonis and Donahue (2008), refers to the ratio at which the speech signal is competing
with the background noise. This ratio can be calculated by subtracting the background
noise intensity from the speech signal intensity, represented in dB. When the speech
signal is louder than that of the background noise, the SNR is positive, and when the
background noise is louder than the signal, it is negative. When in conversation, it is the
aim to keep a positive speech-to-noise ratio, or else intelligibility and consequently,
communication effectiveness, may be reduced (Adams et al., 2008; DeBonis & Donohue,
2008). It should be noted that previous researchers have suggested that the Lombard
effect may be influenced by the communication context and the relative importance of
maintaining intelligible communication during conditions of background noise. Thus, the
Lombard effect may be composed of a fairly automatic or fundamental reflex-like

component as well as a component that relates to maintaining intelligible communication

(Adams et al., 2006; Dykstra et al., 2012).



1.4.2 Interlocuter distance and Speech Intensity

Another factor that influences the planning and regulation of speech intensity is
the distance between the talker and the listener. This is referred to as the interlocuter
distance. In general, as interlocuter distance increases the speaker increases their speech
intensity to compensate for the increased distance. There is a general inverse square law
that has been described for the intensity of sounds (Healey et al. 1997). This law indicates
that as distance from a sound doubles or halves, the intensity of the sound will decrease or
increase by 6 dB, respectively. A similar inverse square law is observed in the
relationship between interlocuter distance and talker speech intensity. This relationship
has been found to be fairly linear, however the slope of this linear function can be
influenced by various factors (i.e., room reverberation level, ambient noise level). When
the effects of interlocuter distance have been assessed in PD, it was found that IWPD
adjusted their speech intensity similarly to HC when there was a change in interlocuter
distance (similar slope in the distance vs intensity function). However, IWPD had
consistently lower speech intensity than HC across all interlocuter distances (Adams et
al., 2010; Ho, Iansek et al., 1999; McCaig et al., 2015). This result suggests that IWPD
did account for interlocuter distance, but their speech intensity was still below the HC
level at each interlocuter distance. Thus, there appears to be an underestimation of the
appropriate speech intensity across all interlocuter distances in IWPD with hypophonia.

It should be noted that all the previous studies of interlocution distance in IWPD
have involved a ‘real’ participant as the listener. No previous interlocuter distance studies
in PD have used an ‘imagined’ listener. One previous interlocuter intensity study of HC
did involve real vs imagined listeners (Healey et al. 1997). This study found that HC

participants raised their speech intensity to comparable levels when they were instructed



to imagine a listener at various distances, and when a real listener was present. Future
studies are required to determine if IWPD show a similar interlocuter effect for real and
imagined listeners. Such studies could provide important evidence for the potential
effectiveness of an imagined interlocuter treatment strategy for hypophonia in PD. Such a
strategy has been proposed by Ramig et al., (1996), in which IWPD are instructed to think
louder and as if their listener is positioned at an exaggerated interlocuter distance (Healey
etal., 1997).
1.4.3 Speech Tasks and Speech Intensity

The type of speech task that participants are given can influence speech intensity
regulation. Speech intensity can be measured in different tasks, such as isolated vowels,
sentences, reading passages, or conversation. The task chosen for the participant, has been
shown to influence speech intensity in both the material spoken and the communicative
context. The task has also been shown to affect both production and perception. For
example, when examining the Lombard effect, Junqua et al. (1999) found that in the
presence of background noise, speech intensity increased more in a conversational task, in
comparison to a reading task. Interestingly, speech tasks with added cognitive
requirements caused HC to increase speech intensity, but this adjustment was not made in
IWPD (Ho, Bradshaw et al., 1999; Winkworth et al., 1994). The nature of the loudness
matching test procedures and the need for certain experimental controls may limit the
ability to examine some types of speech tasks such as conversational speech and long
reading passages.
1.4.4 Altered Intensity Feedback and Speech Intensity

Altered intensity feedback (AIF), as described by Senthinathan et al. (2021), is a

procedure that involves providing the talker with a constant shift in the auditory feedback



intensity of their own speech. AIF can involve either increases or decreases in the
feedback intensity. When positive AIF is presented to HC, so that their intensity levels are
altered to be louder, participants compensate by reducing their speech intensity levels.
There have been few studies that have examined this paradigm in PD. A recent study by
Senthinathan et al. (2021) examined the effects of six AIF conditions on the speech
intensity in HC and IWPD with hypophonia. The IWPD displayed a reduced
compensation response to both increased and decreased AIF compared to the HCs. These
results were interpreted as providing support for the hypothesis that hypophonia in
IWPDs, is causally related to an abnormal processing of auditory information for speech
intensity regulation (Senthinathan et al., 2021). The results of this study also found an
interaction between the abnormal response to AIF and the type of speech task used by the
IWPDs. In particular, the IWPDs showed a poorer compensation response to AIF in the
context of speech tasks with clear communicative goals (i.e., conversational speech vs
prolonged vowels). A study by Ho, Bradshaw et al. (1999) also found that IWPDs failed
to demonstrate compensation responses to positive AIF conditions during a
conversational speech task. Taken together, the results of these two previous AIF studies
provide support for the hypothesis that IWPD have an abnormal processing of auditory
information for speech intensity regulation.

Along with AIF studies of speech intensity, there have also been altered feedback
studies involving very brief (i.e., 200-500 msec) alterations or perturbations of vocal
pitch, formant frequency, or intensity. These perturbations, or quick and unexpected
changes to the speech signal, typically elicit a compensatory response. However, it was
found that IWPD can have responses to these brief perturbations that are quite different

from the response to the longer and continuous alterations in feedback that are used in
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AITF procedures. For example, several perturbation studies have found that IWPD had a
significantly larger compensatory response in comparison to controls (Chen et al., 2013;
Huang et al., 2016; Kiran & Larson, 2001). Similarly, when investigating the response to
intensity perturbations specifically, Liu et al. (2012) found that when participants were
exposed to intensity perturbations, IWPDs produced a larger magnitude of compensation
response than that of the controls. These results, in concert with the results of the AIF
studies, suggest that there are abnormalities with the processing of auditory feedback in
IWPDs. These abnormalities may play a role in the underlying mechanism in hypophonia,
and the loudness perception deficit associated with this speech symptom.
1.5 Speech Intensity Amplification in PD

One of the potential treatment methods for hypophonia in PD, involves the use of a
speech intensity amplifier as an assistive device. This method typically involves a headset
microphone that transmits speech to a portable amplifier and loudspeaker that boosts the
intensity of speech output. Andreetta et al. (2016), investigated the efficacy of selected
speech amplification devices for use in PD. Seven devices for amplification of speech
were compared to unamplified speech with 65 dB multi-talker noise in the background.
The study found that most speech amplification devices increased intelligibility and
increased the speech-to-noise ratio significantly in IWPD. Based on these results from
Andreetta et al. (2016), a study by Knowles et al. (2020) chose three speech amplification
devices to compare for use in hypophonia. Specifically, device performance and user
preference were evaluated. Individuals with hypophonia, and their primary CP trialed the
device for a week, and indicated whether they would continue to use the devices.
Majority of study participants elected to continue using the devices. However, when

device preference and performance was compared across the three devices, the user
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preference did not reflect hierarchy of amplifier performance that was based on objective
speech measures (Knowles et al., 2020). This indicates that speech amplifiers are a useful
tool for individuals with hypophonia, and the type of device most suitable can vary
depending on an individual’s communication situation or environment.

While amplification of speech is a useful tool to be used for individuals with
hypophonia, how speech amplification effects a person’s self-perception of speech
intensity has not been examined in previous studies of IWPD. Given that many IWPD
who use speech amplification devices must manually adjust the output intensity of their
amplifier to a level that is judged to be appropriate to the communication context, the
accuracy of self-perception of the loudness of amplified speech may be an important
consideration in this population.

1.6 Sensory and Perceptual Deficits in PD

It has been shown that PD can be associated with general sensory and perceptual
deficits, including visual-spatial, visual-postural, tactile, and proprioceptive deficits
(Boller et al. 1984; Bronstein et al., 1990; Conte et al., 2013; Govil et al., 2013). It has
been proposed that these deficits are potentially a result of the damage to the basal
ganglia circuitry, and that these sensory deficits may cause/contribute to the underlying
mechanisms that result in motor symptoms in PD (Govil et al., 2013). Auditory
perceptual deficits are among the previously described sensory and perceptual deficits in
IWPD. Loudness perception deficits are included in these auditory perceptual deficits that
have been identified in PD. Whether or not this deficit is related to other sensory deficits,
remains to be determined. Loudness perception will be discussed further in section 1.6.1.

Sensorimotor integration occurs when peripheral sensory pathways relay information

to cortical motor pathways so that the information can be integrated by the central
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nervous system, thus, executing a motor program (Abbruzzese & Berardelli, 2003).
Sensorimotor deficits will occur when there is abnormal processing of the sensory
information. IWPDs demonstrate an overreliance on sensory information in comparison
to controls during locomotion (Almeida et al., 2005; Bronstein et al., 1990). To evaluate
the use of visual information for sensorimotor processing, Alemeida et al. (2005) used
different light conditions (i.e., light, and various dark conditions) in a locomotion task and
found that IWPD were more reliant on visual feedback than HC, and PD were still
affected when proprioception was removed (a wheelchair condition). It was suggested
that there may be an impairment in proprioceptive processing of body-position relating to
altered basal ganglia function in PD.

Sensorimotor integration studies of IWPD have also included investigations of the
vocal tract (reviewed in Abeyesekera, 2019). A study on oral-lingual-facial sensory and
motor functions by Schneider et al. (1986) found that individuals with PD were more
impaired in tests of sensory function and sensorimotor integration compared to controls.
Specifically, they found significant impairment in jaw proprioception, tactile localization
on the tongue, gums and teeth, as well as difficulty performing targeted head movements
on the basis of tactile sensory information despite having adequate motor control of head
movement (Schneider et al., 1986). In addition, Hammer and Barlow (2010) found
reduced vocal tract somatosensory feedback in PD, and Hegland et al. (2019) also found
reduced, or blunted, sensory perception of respiratory stimuli in PD.

1.6.1 Loudness perception in PD
While speaking, an individual perceives the loudness of their own speech/voice,
and adjustments to intensity/loudness levels are made accordingly. However, the accuracy

and overall functioning of this loudness judgement has been called into question in IWPD
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and hypophonia. Previous studies have suggested that the reduced speech intensity levels
associated with hypophonia could be attributed to a deficit in loudness perception in this
population (Adams et al., 2010; Clark et al., 2014; Ho et al. 2000; Kwan & Whitehill,
2011). However, a study investigating the perception of speech loudness through a
magnitude estimation task found that IWPD and controls did not differ significantly in
their perceptions of self-loudness of their own speech (Dromey & Adams, 2000).
However, Kwan and Whitehill (2011) provided evidence that suggests a loudness
perception deficit may only occur during self-generated speech. It has also been
determined that IWPD have diminished intensity discrimination, and show different
patterns of loudness perception, such that they overestimate the intensity of quieter
speech, and underestimate the intensity of louder speech (DeKeyser et al., 2016). This
finding is similar to that of Clark et al. (2014), in which the authors described the PD
participants as using a more restricted range than controls, in terms of their speech
loudness perception. The varying results indicate the need to further explore abnormal
loudness perception, and the mechanisms behind this phenomenon in PD, particularly
with those with hypophonia.
1.6.2 Basic Auditory Functions in PD

It is important to consider basic auditory functions when inquiring about the PD
population, and their speech intensity regulation. A study by De Keyser et al. (2019)
investigated the primary auditory functioning in IWPD, compared to HC using
audiological measurements. Primary auditory functioning was targeted to identify
impairments in the lowest order stage as this could have downstream effects on higher
order auditory processing, and potentially perception. This study was also done in two

conditions: off and on dopaminergic medication, to investigate the role of dopaminergic
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treatment on auditory functions. While the study did not find significant evidence for a
disturbance of auditory bottom-up functioning, there was significant evidence for an
increase of otoacoustic emission (OAE) amplitude in IWPD when off their regular
dopaminergic medication. The authors proposed that this increase in OAE response may
relate to decreased auditory inhibition when IWPD are in an off state, and a dysfunction
in the olivocochlear efferent system could be present, thus, affecting outer hair cell
functioning (De Keyser et al., 2019). The result of this study aligns with a previous study
of auditory evoked potentials (AEP) which also suggested that auditory processing in PD
is disrupted, due to evidence of abnormal AEPs in IWPD both on and off medication
(Lukhanina et al., 2009). This effect on outer hair cell functioning indicates the potential
auditory dysfunction in PD and should be taken into consideration when exploring
loudness perception.

A review by De Groote et al. (2020) found that auditory impairments in PD were
associated with three factors: the detection of auditory deviances in basic auditory
features, auditory brainstem processing, and auditory gating and selective auditory
attention. There were several different discrimination tasks with which IWPD had more
difficulty in comparison to HC, including frequency discrimination, intensity
discrimination, rhythm discrimination, and subtle duration temporal tasks (i.e., gap
detection and duration discrimination). When referring to auditory processing, both
peripheral and central auditory processing were suggested to be affected in PD. However,
when studying auditory brainstem processing in PD specifically, abnormalities were
confined to the central auditory brainstem responses, indicating peripheral auditory nerve
transmission remains intact. Auditory gaiting was also explored in this study, in which it

was suggested that in PD, there is disinhibition of the neural response to irrelevant
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auditory stimuli, and auditory gaiting in PD leads to a deficit in the filtering of irrelevant
auditory information. It was concluded that the findings on gaiting demonstrate a deficit
in filtering of irrelevant auditory stimuli in several stages of central auditory processing in
PD (De Groote et al., 2020). If the auditory processing abilities in this population are
disrupted, this could have direct implications for the perception of loudness and self-
loudness.
1.6.3 Perception of loudness of external speech and non-speech stimuli

The loudness perception of external speech stimuli (also referred to as extra-
phonic speech) by IWPD was examined in a study by Clark et al. (2014), during a
magnitude estimation task. In this magnitude estimation task, participants were presented
with an anchor stimulus (recorded sentence at 70 dB SPL) and test stimuli (recorded
sentences presented at 60, 65, 70, 75 or 80 dB SPL) and were asked to make judgments
on how much louder or quieter the test stimuli were in relation to the anchor stimulus
using a magnitude estimation rating procedure. This magnitude estimation task explored
how IWPD perceive the loudness of external speech stimuli in comparison to control
participants. It was found that IWPD did not differ significantly in the average level of
their loudness ratings, but there was a significant group and estimation level interaction
indicating IWPD had a less steep magnitude estimation function slope in comparison to
controls. It was also determined that IWPD were using a restricted loudness range in
comparison to HC, so that PD participants rated lower intensity stimuli as having a higher
loudness than was perceived by the HC and the IWPD rated higher intensity stimuli as
having a lower loudness level than was perceived by the HC (Clark et al., 2014). This

finding was also supported in a study by De Keyser et al. (2016) which also found IWPD
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used a restricted loudness estimation range. This is indicative of IWPD having a deficit in
the perception of the loudness of external speech stimuli.

Loudness perception and intensity discrimination of external non-speech (or
quasi-speech) stimuli was also investigated in PD in a study by Richardson and Sussman
(2019). This study presented participants with a naturally produced vowel stimulus which
differed in intensity by 1 dB increments. In comparison to controls, IWPD showed a
significant impairment in intensity discrimination. PD participants, along with healthy
age-matched adults exhibited a flatter psychosocial function of loudness as well as a more
reduced range when performing a loudness rating task, when compared to young controls
(Richardson & Sussman, 2019). This lack of a group difference between PD and the
healthy age-matched adults aligns with a study by Abur et al. (2018) which had a similar
result using pure tones. Similarly, Dromey and Adams, (2000), used a warbled pure tone
and did not find a group difference in perception between IWPD and age-matched
controls. These differences may suggest that the perception of vowels is more like the
perception of pure tones, rather than the perception of connected speech, which was used
in the Clark et al. (2014) study. This warrants further investigation into potential
differences in the external loudness perception of pure tones, vowels and connected
speech stimuli in [IWPD.

1.6.4 Perception of Self-generated speech

The above-mentioned study by Clark et al. (2014) also investigated the perception
of self-generated speech, (or auto-phonic speech) in a magnitude production (MP) task.
This MP task involved the following: participants read aloud an anchor sentence at their
normal intensity, and this was assigned a ‘‘loudness’’ value of 100. The participants were

then asked to produce sentences at loudness levels that were judged to be proportional to
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the numbers 25, 50, 100, 200, and 400. For example, the number 200 would reflect a
loudness level that was judged to be two times louder than the ‘‘normal’’ loudness level
of 100. The results of this study found that IWPD had significantly lower speech intensity
than controls across all loudness conditions in the MP task. It was also noted that while
PD participants were quieter across all conditions, it was unlikely this was because of a
physical limitation in their ability to reach the intended intensity targets. This is because
the IWPD were able to achieve levels on their highest test stimuli that were comparable to
the HC levels achieved on their lower test stimuli. This finding is consistent with a study
by Ho, Bradshaw et al. (1999), where across loudness conditions PD participants
consistently had reduced speech intensity levels in comparison to controls, in both
reading and conversational conditions. However, when explicitly cued with verbal
instruction, PD participants were able to reach the intended loudness level (Ho, Bradshaw
et al., 1999). These results suggest that IWPD have the capacity to reach the target
intensity levels, but there is a deficit in making the appropriate loudness adjustments,
unless specific attention is being put towards this task. Clark et al. (2014) also found that
PD participants made significantly smaller adjustments to their intensity levels in
comparison to controls. When they were instructed to speak 2 times louder or softer, their
adjustments were consistently smaller than the control participant’s adjustments. This
reduced perceptual range may contribute to the failure to maintain an appropriate speech
intensity level in most conditions.

In an additional MP study of self-loudness ratings in IWPD and hypophonia,
Abeyesekera (2019) found that IWPDs gave significantly higher self-loudness ratings
compared to the self-loudness ratings of the control group. These higher self-loudness

ratings by the IWPD occurred despite the finding that their speech intensity level was
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reduced relative to that of the control group. These results support the hypothesis that
IWPDs and hypophonia have an inaccurate perception of their self-generated speech
loudness and appear to overestimate their self-loudness.

A study by Dromey & Adams (2000), also employed a magnitude production task
to investigate the role of loudness perception in IWPDs. There were no significant
differences between the control and PD groups in any of their tasks. It is important to note
however, that hypophonia was not an inclusion criterion in this study, and this may
account for the differences between this study by Dromey & Adams (2000) and those
obtained in the studies by Clark et al. (2014), Ho, Bradshaw et al. (1999), and
Abeyesekera (2019).

1.6.5 Comparison of Loudness Perception of External Speech and Self-generated

Speech

Based on previous studies that have found differences between self-loudness
perception (autophonic) and external loudness perception (extraphonic) in HC (Lane et
al., 1970) it would seem important to examine and compare these in IWPD to gain a
better understanding of loudness perception in PD. The previously discussed study by
Clark et al. (2014), evaluated both the perception of external speech and self-generated
speech in PD participants with hypophonia, and healthy controls. This was done using a
magnitude estimation task and a magnitude production task, respectively. Both tasks used
a test sentence, rather than pure tones or other stimuli options. This ME task included a
test sentence stimulus being played at 70 dB and being assigned a value of 100 to serve as
a reference. The sentence would then be played at different intensities, quieter or louder
than the reference stimulus, differing by 5 dB SPL. Participants would then have to make

intensity judgements if the stimulus intensity was louder or quieter, by assigning the
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stimuli with numbers proportional to the change in intensity. A group effect between PD
and controls was not found in the average loudness rating, however, there was a different
pattern found between the two groups. The magnitude estimation task found that PD
participants had a lower average slope value related to magnitude estimation ratings and
the stimulus intensity levels, in comparison to the controls. It was found that PD
participants were using a restricted loudness range when providing their estimates. In
particular, the PD participants rated the quieter stimuli as louder, and the louder stimuli as
quieter than the controls did. This is suggestive of IWPD using a restricted range of
loudness estimations when evaluating external speech loudness. Regarding the MP task,
this study found that IWPD had significantly lower speech intensity than controls across
all of the self-loudness conditions in the MP task.

When the results for the MP and ME tasks are compared, the ME task had a
smaller effect size than that of the MP task for the group comparisons. Thus, it appears
that the IWPD in this study may have demonstrated a greater loudness perception deficit
in self-loudness perception than in external loudness perception. Unfortunately, the
results for the MP and ME tasks were not compared statistically in the Clark et al. (2014)
study. This would appear to be a potentially important consideration in future studies.

Dromey and Adams (2000) also investigated the ME vs. MP task, however, no
group differences were found for either task. As previously mentioned, hypophonia was
not an inclusion criterion within this study, and this could account for the difference seen
in the results of these two studies.

The above discussion highlights the need for additional studies that compare MP
and ME tasks in IWPD and hypophonia. These studies could help to determine if there

are impairments in autophonic and extraphonic loudness perception, the relative strength
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of these impairments and their potential for dissociation. The combined evaluation of
autophonic and extraphonic loudness perception may also reveal causal interactions
between these areas of loudness perception in IWPD and hypophonia.

Identification of specific deficits in these areas of loudness perception could play
an important role in the development of new directions for the treatment of hypophonia in
PD.

1.6.6 Loudness perception and the imitation of speech intensity

An alternative to the rating scale procedures for examining self-loudness
perception is the imitation of intensity procedure. An imitation task is one in which study
participants are presented with an external speech stimulus at a specific target intensity
and then they are asked to imitate the speech intensity with their own speech. This type of
speech intensity imitation task was explored in a study by Adams et al. (2006), and it was
found that IWPD were consistently 3-4 dB lower than that of the controls across all target
intensity conditions (60, 70 and 80 dB). These results suggest that while IWPD
consistently underestimate speech intensity and do not reach intended imitation targets,
even though they have the vocal capacity to reach said targets.

The speech intensity imitation task was also used in another study of IWPD and
hypophonia by Clark et al. (2014). The results of this study found that IWPD had
significantly and consistently lower speech intensity than controls across all the intensity
imitation levels. It was noted that, while the IWPD had the capacity to reach the intended
targets, their response was reduced for each of the intensity imitation targets. These
results appear to support the hypothesis that IWPD have a deficit loudness perception.
However, it is not clear if this deficit reflects a deficit in external loudness perception,

self-loudness perception or a combination of both. Future studies of loudness imitation
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should consider the inclusion of an external loudness matching task. This addition may be
used evaluate the role of external and self-loudness perception in loudness imitation
studies of IWPD.

1.6.7 Effort and loudness perception

In previous sections, some of the literature reviewed provides support for the
hypothesis that hypophonia is caused by a loudness perception deficit in PD. An alternate,
or supplemental, hypothesis involving a deficit in the perception and production of effort
has also been proposed (Soloman & Robin, 2005). The effort deficit hypothesis proposes
that IWPD do not accurately perceive or judge the amount of effort that is required to
produce an intended level of speech loudness, and that this results in reduced intensity
(hypophonia).

It has been suggested that IWPD may perceive effort differently than HC, and this
difference in perceptual effort could influence speech intensity regulation (Soloman &
Robin, 2005). Vocal effort can be described as the perceived exertion to the perceived
communicative environmental condition which employs physiological effort, experience
of effort, psychological effort, effort as speech production level and effort as affected by
communicative environment (Hunter et al., 2020). A study by Soloman and Robin (2005),
investigated self-ratings of effort in several different tasks including daily tasks, speech,
handgrip, and tongue force. It was found that IWPD provided an increased rating of effort
of speech, but effort levels did not differ significantly indicating that IWPD may have a
falsely inflated sense of effort (Soloman & Robin, 2005). Literature suggesting that effort
is the sole reason hypophonia is limited, but this deficit is a key component to the theory
behind a popular treatment for hypophonia, Lee Silverman Voice Treatment (LSVT).

LSVT is an intensive treatment that targets vocal amplitude through motor learning, and
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individuals are encouraged to recalibrate their perception of loudness to learn to recognize
when they have been speaking too quietly for the conversational context (Sapir et al.,
2011). Studies of the efficacy of LSVT have found that short term, this effort focused
treatment can have positive results (Yuan et al., 2020). However, the long-term effects do
not have as much supporting literature, and transfer can become a problem when
treatments are done in quiet clinical settings, and individuals may find themselves in
different conversational context in the real-world (e.g., different interlocuter distances,
varying levels of background noise).

The previous literature suggests that the role of effort in hypophonia requires further
investigation. This research could include alterations to effort levels that is required to
reach certain loudness targets. An example of alterations to effort would include
amplification of speech at various intensities, so that level of effort can be systematically
altered during speech loudness experiments.

1.6.8 Loudness Perception of Projected Speech vs. Unprojected speech

The control and regulation of speech intensity during most social communicative
contexts involves the projection of one’s speech to a listener at a given interlocuter
distance. The appropriate projection of speech intensity involves the perception of self-
loudness that incorporates the perception and judgment of projection distance (as well as
other factors such as room reverberation, visibility, etc.). An impairment in the perception
of projection distance (or a general impairment in distance judgement) could result in an
impairment in the speech intensity of projected speech. In the case of hypophonia, it
could be hypothesized that reduced speech intensity may be related to an underestimation

of the interlocuter projection distance.

23



The extent to which an individual needs to project their speech to effectively
communicate with their CP could have an impact on their loudness perception. There are
several factors which could affect the judgement of projection of speech, and perception
of projected vs. unprojected speech could impact the communication effectiveness for an
individual. These effects should also be considered in how they impact controls and
IWPD and hypophonia respectively.

1.6.8.1 Distance judgement in PD. While it has been shown that IWPD adjust
speech intensity based on interlocuter distance, it was highlighted in a previous
section (1.4.2) that IWPDs typically produce speech intensity that is lower than
controls at most interlocuter distances. Thus, IWPD appear to underestimate the
speech intensity normally produced at various interlocuter distances. An important
consideration regarding this abnormality in interlocuter speech intensity relates to
the IWPDs ability to effectively judge distances generally and interlocuter
distance specifically. A study by Ehgoetz Martens et al. (2013) evaluated IWPD’s
ability to estimate distances, under static and movement conditions, and how
dopaminergic medication affects these judgements. It was found that IWPD were
more erroneous in the movement condition, and they underestimated target
positions across all conditions in comparison to the control subjects. Medication
had no effect on any of the distance judgement conditions. This study concluded
that there was in increase in perceptual estimation deficits during movement and
could relate to a sensory processing deficit during movement in PD (Ehgoetz
Martens et al., 2013).

The projection of speech from self to an intended CP or listener involves

additional factors beyond distance estimation and perception. Some of these
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factors relate to processes that involve being oriented to the listener’s perspective.
For example, during the planning of projected speech loudness the speaker may
need to take into consideration not just the interlocuter distance, but also many
other factors such as the listener’s hearing ability, visual acuity for lip reading,
language knowledge, ability to deal with background noise, cognitive ability,
emotional state, familiarity with the talker, etc. Most of these listener-oriented
factors have not received attention regarding their role in the regulation of speech
intensity or their associated impairment in the hypophonia of PD. The following
sections describe two listener-oriented concepts that may need to be considered in
future studies of hypophonia, loudness perception and communicative impairment
in IWPD.

1.6.8.2 Theory of mind and social perception. Theory of mind (ToM) is a
concept in which individuals infer other’s state of mind. It has been found that
ToM is significantly impaired in IWPD (Bodden et al., 2010). The ability to infer
other’s state of mind could have implications for loudness perception judgements.
Further research on ToM and perception in PD should be considered.

1.6.8.3 Listener-Oriented Phonetic Reduction. Phonetic reduction is a natural
linguistic process in which certain sounds or segments of an utterance are reduced
in duration, prominence or are entirely deleted entirely based on certain contextual
factors. An example of this is when predictable words in a certain context are
isolated, they become less intelligible, in comparison to when presented with the
preceding contextual factors (Lieberman, 1963; Turnbull, 2019). Turnbull (2019),
relates this phenomenon to ToM, so that the talker must use skills attributed to

ToM such as reducing and enhancing aspects of their speech, to effectively
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communicate with the CP. The process of speech production includes a process of
planning, and following a listener-oriented account, knowledge of the interlocuter
intervenes at some point of this planning process (Turnbull, 2019). Deficits in
listener-oriented processes, individually or associated with ToM deficits, could
have an effect, and play a role in hypophonia. Further studies into this perspective
should be considered.

Future studies could examine the association between listener-oriented
factors (i.e., ToM deficits), intensity regulation and the severity of hypophonia in
PD. In addition, experimental procedures could be developed to experimentally
manipulate listener-oriented variables during loudness perception and production
tasks. As previously mentioned, one potentially, important experimental
manipulation would be to compare loudness perception during projected speech
and unprojected speech. An unprojected speech loudness perception condition
would reduce (or remove) the listener-oriented factors from the speech intensity
task. This novel procedure will be examined in the present study and discussed in
more detail in the methods section.

1.6.8.4 Communication Accommodation Theory. The communication
accommodation theory is one that describes how individuals change aspects of
their speech according to their perception, and meta-perception of their CP
(Dragojevic et al., 2016). This theory explains the impact our perception of others
has on different characteristics of our speech, such as accent, dialect, or loudness.
Dragojevic and colleagues describe adjustment strategies that are used in
communication settings as follows: convergence, divergence, and maintenance.

Convergence includes a speaker changing their speech to be more like the other
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persons, while divergence refers to when a speaker alters their speech to become
less similar. Maintenance is a speaker’s habitual speech, in which there is no
adjustment made relative to other speakers (Dragojevic et al., 2016). This theory
could have implications on the reduced loudness levels as seen in PD speech, in
which the speech loudness levels are not being adjusted appropriately, and this
population does not accommodate their speech as a healthy control would.
1.6.9 Loudness perception of amplified vs unamplified self-speech
As previously discussed, a treatment method for IWPD and hypophonia may include
using an amplification device. While this does improve speech intelligibility and help
individuals effectively communicate, it has yet to be determined what amplification does
to the individual’s self-loudness perception. In addition, speech amplification may have
implications for the role of effort in loudness perception such that loudness targets would
be easier to attain, by reducing the amount of effort required. If an individual produces
speech loudness targets more accurately during an amplified speech condition compared
to during an unamplified speech condition, this may suggest that effort reduction may
have had a positive impact on the ability of IWPD to match speech intensity targets.
There have been no previous studies that have investigated the impact of speech
amplification on self-loudness perception or the ability to match speech intensity in
IWPDs or HCs. The current study intends to explore the effects of amplification, and its
connection to the effort deficit hypothesis.
1.7 Measurement of Loudness Perception
Methods to measure loudness perception have long been discussed in the literature.
Marks and Florentine (2011) indicate that the two of the main measurement methods are

equal loudness matching methods and loudness scaling methods. Equal loudness
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matching involves having listeners determine when the loudness level of one sound
(target) matches that of another (response) sound. Equal loudness matching procedures
can be further broken down into different types of measurement methods, such as
adjustment paradigms and adaptive models. In adjustment methods, listeners are
presented with two sounds, one of which is fixed, or the target stimulus, and the second
sound is of different intensity. Listeners are required to adjust the second sound to a point
in which they perceive it as being the same intensity as the fixed target stimulus. These
can be affected by systematic errors such as time-order bias, or comfortable listening
level bias, and listeners often overestimate the fixed stimulus. Adaptive models involve
the listener being presented with 2 sounds and identifying if the second sound is quieter
or louder than the fixed target sound. Memory effects of the initial stimulus can influence
the results of these tasks, so that listeners mistakenly make judgments according to a
previous fixed target stimulus, rather than the current target. One must balance the
number of trials with the variability of response, as too many trials can cause fatigue and
consequently, erroneous judgements.

Equal loudness matching procedures have rarely been used to examine loudness
perception in IWPD and hypophonia. Previous loudness matching studies in PD appear to
be limited to an adjustment type of loudness matching study by Ho, Bradshaw et al.
(1999), and the three imitation studies by Adams et al. (2006), Clark et al. (2014), and De
Keyser et al. (2016).

As previously mentioned, the loudness scaling or rating method is the other major
method used to measure loudness perception. The loudness scaling method has been used
in several studies of loudness perception in IWPD. The previously discussed studies by

Clark et al. (2014) and Dromey & Adams (2000), investigated loudness perception in
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IWPD using magnitude estimation, and magnitude production loudness scaling
procedures. In addition, a study by Abeyesekera (2019) used the magnitude production
procedure to examine self-loudness perception in IWPD.

Finally, the previously discussed studies by Richardson and Sussman (2019) (vowels),
Abur et al. (2018) (tones), and De Keyser et al. (2016) (sentences) used the magnitude
estimation scaling procedure to examine external nonspeech and speech loudness
perception in IWPDs.

In the current study, the loudness matching method will be used to investigate
external speech loudness perception and self-loudness perception of speech in IWPD and
hypophonia. For the purposes of the present study, the imitation of speech loudness
procedure will be considered a type of loudness matching task applied to the
measurement of self-loudness perception. The adjustment method of loudness matching
will be used throughout the present study. During the loudness matching tasks examining
external speech stimuli, the participants will adjust a manual volume control to match
their response loudness to the target loudness. During the loudness matching tasks
examining self-loudness perception, the participants will adjust the loudness of their own
speech so that it matches the loudness of the target stimulus.

1.8 Rationale

The findings of the previous studies suggest that there is a deficit in the perception of
speech loudness in IWPD. The precise nature of this loudness perception deficit is not
completely understood. Speech loudness perception is a complex phenomenon that
involves the influence and integration of many factors. Several of these factors have
received limited or no attention in previous studies of loudness perception in IWPD and

hypophonia. The primary aim of the present study is to determine if the speech loudness
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perception deficits associated with IWPD and hypophonia are influenced by the following
factors: 1) the loudness perception of externally generated speech vs self-generated
speech, 2) the loudness perception of projected speech vs unprojected speech, and 3) the
loudness perception of amplified vs unamplified self-speech. While there are a variety of
methods of investigating speech loudness perception, the loudness matching paradigm
was judged to be well suited to the evaluation of the loudness perception factors that are
the focus of the present study. The loudness matching paradigm was also judged to be
useful for making across condition statistical comparisons (e.g., the loudness matching of
external speech versus the loudness matching of self-vocalized speech). In addition, the
loudness matching paradigm has received limited attention in previous studies of
loudness perception in PD, and thus should be further explored.

An inquiry into the loudness perception of externally generated speech vs. self-
generated speech has been deemed to be of importance. It has been discussed that there
are apparent gaps in the literature concerning this topic and understanding these effects in
PD would provide important insights into hypophonia and PD. Comparing the perception
of externally vs. self-generated speech will provide insight to the mechanistic deficits that
underlie hypophonia, such that it could be identified if said deficit is associated with
external, self- generated speech, or both types of speech loudness perception. The
matching procedure will involve matching external speech stimuli to the fixed target
stimulus, as well as self-generated speech, and comparing the performance of these two
tasks will provide important insight into the perception deficit associated with
hypophonia.

The loudness perception of projected vs. unprojected speech investigation will help to

inform whether there is a deficit involving distance judgements, and the ability to
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effectively adjust intensity levels with varying interlocuter distances. The matching
procedure will include a near speaker and far speaker, to investigate how projecting
speech effects the accuracy of intensity judgements.

Investigating the loudness perception of amplified vs. unamplified speech will
provide information related to the effort deficit hypothesis in PD and hypophonia.
Providing amplification theoretically removes, or reduces, the need for extensive effort to
reach target intensity levels, and therefore would provide insight to how much an effect
effort has on intensity regulation in PD. The matching procedure would provide these
insights by creating a comparison between unamplified vs. amplified intensity levels, and
how accurate participants are in matching target intensities under both conditions
respectively.

1.9 Objectives

The purpose of the current study was to investigate speech loudness perception in
individuals with Parkinson’s disease (IWPD) and hypophonia. Speech loudness
perception was examined using loudness matching procedures. These procedures
involved matching the playback loudness of pre-recorded speech, self-vocalized speech,
and amplified self-vocalized speech. In addition, speech perception was examined in
loudness matching procedures that involved projected speech (i.e. response from self-
location to a distant target location) and unprojected speech (i.e., target and response at
same location). Overall, the current study aimed to identify if IWPDs loudness perception
deficits are influenced by; external vs. self-generated speech, projected vs. non-projected
speech, amplified vs. non-amplified speech, or any combination thereof.

1.10 Primary Research Questions
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RQI: Is there a difference between IWPD and HC participants in the loudness matching
of pre-recorded speech stimuli that is played back through a response audio monitor

(loudspeaker) that is at the same location as an audio monitor playing the target stimuli?

RQ2: Is there a difference between IWPD and HC participants in the loudness matching
of pre-recorded speech stimuli that is played back through a response audio monitor
(loudspeaker) that must be projected from a location nearby the participant to a distant (2

metre) audio monitor playing the target stimuli?

RQ3: Is there a difference between IWPD and HC participants in the loudness matching
of self-vocalized speech in response to target speech stimuli presented via an audio

monitor that is located 2 metres from the participant (i.e., projected vocal response)?

RQ4: Is there a difference between IWPD and HC participants in the loudness matching
of amplified (+10 dB), self-vocalized speech in response to target speech stimuli
presented via an audio monitor that is located 2 metres from the participant (i.e.

projected, amplified, vocal response)?

RQS5: Is there a difference between IWPD and HC participants in the loudness matching
of amplified (+10 dB), self-vocalized speech that is output from a response audio monitor
(loudspeaker) that is at the same location as an audio monitor playing the target stimuli

(i.e. unprojected, amplified, vocal response)?
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RQ6: Is there a difference in the loudness matching of speech stimuli played back from a
projected (near-participant) audio monitor versus an unprojected audio monitor at the

same location as the target in IWPD and HC participants?

RQ?7: Is there a difference in the loudness matching of speech stimuli played back via an

audio monitor versus via self-vocalized speech in IWPD and HC participants?

RQ8: Is there a difference in the loudness matching of amplified (+10 dB) versus

unamplified self-vocalized speech that is projected to a distant (2 metre) target location in

IWPD and HC participants?

RQY: Is there a difference in the loudness matching of amplified projected versus

amplified unprojected self-vocalized speech in IWPD and HC participants?
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Chapter 2
2. Methods
The study was approved by the Health Sciences Research Ethics Board at Western
University (Appendix A) and the Lawson Health Research Institute (Appendix B).
2.1 Participants
Fifteen individuals with Parkinson’s disease (IWPD) and hypophonia were
recruited from the Movement Disorders Clinic, London Health Sciences Centre in
London, Ontario. Inclusion criteria included: an age range of 55-85 years (M = 67.7, SD
= 5.45), a neurologist’s diagnosis of idiopathic Parkinson’s disease, a Montreal Cognitive
Assessment (MoCA) (Appendix C) of at least 21/30, no change in Parkinson-related
medication for at least 6 months, no speech therapy in the previous 2 years, pass a hearing
screening (500, 1000 and 2000Hz tones at 30 dB SPL), and use English as their primary
language. IWPD with a prior history of speech, language, or neurological impairments
that are unrelated to Parkinson’s disease were excluded from the study. IWPD
participants were scheduled so that they had taken their normally prescribed dose of PD
related medication one hour prior to the experiment. Demographic information for PD

participants can be found in Table 1.
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Table 1

Demographic information for PD participants

Participant ID Age Gender Diagnosis Date  ~ MoCA
PD 01 73 Male 15 years 21
PD 02 66 Male 8 years 27
PD 03 61 Male 4 years 22
PD 04 73 Male 6 years 27
PD 05 59 Male 7 years 24
PD 06 68 Male 3 years 26
PD 07 60 Male 7 years 24
PD 08 66 Male 3 years 25
PD 09 69 Female 10 years 26
PD 10 63 Female 1 year 29
PD 11 66 Male 8 years 26
PD 12 70 Female 10 years 28
PD 13 72 Female 15 years 30
PD 14 78 Female 8 years 28
PD 15 72 Male 10 years 25

Fifteen healthy control (HC) participants, 55-85 years of age (M = 70, SD = 6.49),
were recruited from the Canadian Center for Activity and Aging, Western University,
London, Ontario. Inclusion /exclusion criteria included: a Montreal Cognitive Assessment

(MoCA) of at least 24/30, pass a hearing screening (500, 1000 and 2000Hz tones at 30 dB
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SPL), use of English as their primary language, and no prior history of speech, language,
or neurological impairments. HC participant demographic information can be found in
Table 2. All IWPD and HC participants were given a Health Sciences Research Ethics
Board (HSREB) approved letter of information and consent form for their signature prior
to the start of the study.

Table 2

Demographic information for HC participants

Participant ID Age Gender MoCA
HC 01 75 Female 28
HC 02 81 Female 24
HC 03 69 Female 30
HC 04 68 Female 30
HC 05 61 Female 29
HC 06 70 Female 28
HC 07 62 Female 29
HC 08 79 Male 30
HC 09 72 Male 28
HC 10 65 Female 29
HC 11 69 Female 29
HC 12 65 Male 28
HC 13 81 Female 30
HC 14 64 Female 28
HC 15 69 Female 28
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2.2 Speech stimuli

A pre-recorded sentence “I owe you a yoyo”, spoken by a 67-year-old healthy male
was used as the target stimuli. Participant speech was recorded using a USB two channel
audio interface (Focusrite Scarlet 2/2), a PC computer, an omni-directional condenser
microphone (AKG SE300B with a CK92 Omni Capsule) and Praat recording software
digitizing at 44.1 kHz and 16 bits per sample. The microphone was calibrated using a
sound level meter (Quest 215) placed beside the microphone. Before each participant
started the experiment, the sound level meter was used to adjust and set the output of the
target audio monitor to the intended target intensity levels (60 to 80 dB SPL C scale). The
sound level meter remained in position throughout the experiment and was monitored
regularly to confirm that the calibration was maintained.

Target stimuli and response sounds were presented from two matched audio monitors
(Yamaha HS-8) respectively. It should be noted that an audio monitor is similar in
appearance to a typical loudspeaker used to listen to music, but an audio monitor has a
very flat frequency output across the frequency range whereas most loudspeakers have a
frequency response that is shaped to enhance instrumental and vocal music (i.e., boost the
low frequency components). Audio monitors were selected for the response and target
outputs in this loudness matching study in order to avoid the potential effects of
frequency distortions from loudspeakers on loudness perception. In addition, it should be
noted that the two audio monitors (Yamaha HS-8) were specifically produced and tested
by the Yamaha company to be a specialized “matched pair” with the same electronic
components and a nearly identical frequency response and sound quality.

2.3 Apparatus and Equipment Set-up
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The participant, the recording measurement microphone (AKG SE300B with a CK92
Omni Capsule),, and the audio monitor presenting the target stimuli were positioned equal
distances of 2 metres from each other in a triangular set-up (see Figures 1-5). This set-up
was chosen so that the participant will be the same distance from the measuring
microphone as that of the target audio monitor. This equalization of distance ensured that
the intensity level projected from the target audio monitor was the same intensity level as
the participant’s speech, so that the microphone recorded and measured equivalent
intensity levels.

For some of the experimental conditions the participant used a large, manually
controlled volume knob (Mackie Big Knob Passive Studio Monitor Controller) to adjust
the loudness level that was projected from the response audio monitor during two of the
loudness matching conditions. During some of the loudness matching conditions, the
participant’s amplified speech intensity served as the loudness response. For these
amplified speech conditions, the participant wore a headset microphone (AKG ¢520)
attached to a pre-amplifier (ART Pro Audio Tube Mic Preamp) and was projected
through the response audio monitor (Yamaha HS-8). It should be noted that the
participants wore the headset microphone (AKG ¢520) during all of the experimental
conditions and the output from this microphone was digitized and stored as a separate
audio file on the desktop computer. However, the audio data related to this headset
microphone was obtained for potential comparison to previous studies and was not used
in the current study.

2.4 Procedures and Experimental Conditions
Five speech intensity matching conditions were completed. In each condition, the pre-

recorded target speech stimulus was randomly presented twice at 5 different target
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intensities (60, 65, 70, 75 and 80 dB SPL) from the target audio monitor positioned 2
metres from the participant. Thus, there were 10 trials that were based on 2 randomized
trials at each of the 5 target intensities. It should be noted that there was an 11" trial done
at the beginning of each condition. This initial trial always involved the 60 dB target
loudness level and was used to help the participant transition from the previous condition
to the new condition. Thus, this initial trial was considered a practice trial and was not
included in the data analysis for any of the experimental conditions. Therefore, there was
a total of 11 target loudness levels presented for each condition, with one practice trial
followed by the 10 trials that were eventually included in the final analysis. The average
of the two trials per loudness level was used in the final analysis for each condition. The
participant was instructed to match the target speech loudness from the target audio
monitor in several different conditions, either using 1) the playback of pre-recorded
speech stimuli from a response audio monitor, 2) their own (self-vocalized) live speech or
3) their own (self-vocalized) live amplified speech projected via the response audio
monitor.

The positioning of the response audio monitor was in one of two positions during the
various loudness matching conditions: 1) at 2 metres from the participant and on top of
the target audio monitor, or 2) beside the participant and at 30cm from their head. There
were five different loudness matching conditions. Each of the five conditions are
described in the following sections.

2.4.1 Loudness Matching Condition 1: Manually Controlled Playback Response from
same distance as the 2-metre target
The target speech loudness stimulus was presented from the target audio monitor

and the participant’s response loudness was played back from the response audio monitor
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positioned at the same distance and on top of the target audio monitor, 2 metres from the
participant. Because the target audio monitor and the response audio monitor were at the
same location, this is considered an unprojected loudness matching condition. The
participant used a manual volume control knob to adjust the playback response intensity
until it was judged that the response loudness level matched the loudness of the target
stimulus. For each trial, the response stimulus was played twice to allow time for the
participant to adjust their response to the desired level. The equipment setup related to
this first loudness matching condition is shown in Figure 1.

Figure 1

Equipment setup for the loudness matching task involving manual control of recorded

speech intensity. Target and response audio monitors positioned at a similar 2 metre
distance from the participant
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2.4.2 Loudness Matching Condition 2: Manually Controlled Playback Response from

a position near the participant (and projected to the 2-metre target)
The target speech loudness stimulus was presented from the target audio monitor

and the participant’s response loudness was played back, using pre-recorded speech, from
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the response audio monitor positioned at 30cm from the participant’s head. The
participant used a manual volume control knob to adjust the playback response intensity
until it was judged that the response loudness level matches the loudness of the target
stimulus. For this condition, the participant was instructed to match the projected
loudness of the response sounds to the projected loudness of the target stimulus. The
equipment setup related to the second loudness matching condition is shown in Figure 2.
Figure 2

Equipment setup for the loudness matching task involving manual control of recorded
speech intensity. Target audio monitor positioned at 2 metres. The response audio

monitor is close to the participant and thus a projected response is required to match the
target loudness
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2.4.3 Speech Loudness Matching Condition 3: Unamplified, Vocalized Loudness

Response by the Participant (projected to the 2-metre target)

The target speech loudness stimulus was presented from the target audio monitor
located 2 metres from the participant. The participant used their unamplified, vocalized
speech as the response loudness and attempted to match the projected target loudness

with their own projected response loudness. For this condition, the participant was
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instructed to match the projected loudness of their vocalized response sounds to loudness
of the distant (2-meter) target stimulus. The equipment setup related this third loudness
matching condition is shown in Figure 3.

Figure 3

Equipment setup for the loudness matching task involving vocalized speech intensity as
the response. The target audio monitor positioned at 2 metres presents the recorded

target speech intensity. Because the participant is 2 metres from the target, this task
involved a projected vocal response
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2.4.4 Speech Loudness Matching Condition 4: Amplified (+10 dB), Vocalized
Loudness Response by the Participant (projected to the 2-metre target)

The target speech loudness stimulus was presented from the target audio monitor
located 2 metres from the participant. The participant wore a headset microphone
attached to a pre-amplifier that provided a +10 dB amplification to the participant’s
speech output from the response audio monitor. Using this +10 dB amplified vocalized
speech as the response loudness the participant attempted to match the distant target

loudness with their own projected response loudness. For this condition, the participant
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was instructed to match the projected loudness of their amplified vocalized response
sounds to the loudness of the target stimulus. The equipment setup related this fourth
loudness matching condition is shown in Figure 4.

Figure 4

Equipment setup for the loudness matching task involving amplified (+10 dB) and
vocalized speech intensity as the response. The target audio monitor positioned at 2

metres presents the recorded target speech intensity. Because the response audio monitor
is close to the participant, a projected response is required to match the target loudness
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2.4.5 Speech Loudness Matching Condition 5: Amplified (+10 dB), Vocalized

Loudness Response at the same 2-metre distance as the target

The target speech loudness stimulus was presented from the target audio monitor
located 2 metres from the participant. The participant wore a headset microphone
attached to a pre-amplifier that provided a +10 dB amplification to the participant’s
speech output from the response audio monitor. Using this +10 dB amplified vocalized
speech as the response loudness the participant attempted to match the loudness from the
target audio monitor with their amplified loudness from the response audio monitor

positioned at the same 2-metre distance as the target audio monitor. For this condition,
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the participant was not required to project their loudness to a distance because the target
and response audio monitors were at the same 2-metre location. The equipment setup
related this fifth loudness matching condition is shown in Figure 5.

Figure 5

Equipment setup for the loudness matching task involving amplified (+10 dB) and
vocalized speech intensity as the response. The target audio monitor positioned at 2

metres presents the recorded target speech intensity. The response audio monitor is at the
same 2 metre distance from the participant for this loudness matching condition
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2.5 Data Analysis

The digitized speech recordings obtained from the measurement microphone (located
2 metres from participant and audio monitors) during the experimental conditions were
loaded in to Praat Software. The speech sound file was viewed in Praat’s view and edit
display and manual cursors and scroll functions were used to locate the target and
response speech waveforms for each target level (60, 65, 70, 75, 80 dB SPL target).
Cursors placed on either side of the identified waveform were used to obtain the average
speech intensity value for the waveform. For each target level, a loudness matching error

score was obtained by subtracting the intensity of the response speech waveform from the
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intensity of the target waveform. This loudness matching error score obtained for each
trial was the primary dependent measure in the study.
2.6 Statistical Analysis

The data related to the first 5 primary research questions, RQ1 through RQS5, were
analyzed using five, separate, 2-way repeated measures analysis of variance (RM-
ANOVA) tests each with a group factor with 2 levels (IWPD and HCs) and a
loudness/intensity level factor with 5 levels (60, 65, 70, 75, 80 dB SPL). The dependent
measure in all statistical tests involved the loudness matching error score (target speech
intensity minus response speech intensity).

The data related to research questions RQ6, RQ7, RQ8 and RQ9 were analyzed using
4 separate 3-way RM-ANOVA tests with a group factor with 2 levels IWPD and HCs)
and a loudness/intensity level factor with 5 levels (60, 65, 70, 75, 80 dB. The third factor,
related to pairs of conditions, changed with each RQ as follows: RQ6 involved a
projection factor (projected vs unprojected) with external speech stimuli, RQ7 involved a
response mode factor (playback vs self-vocalized speech), RQS8 involved an amplification
factor (amplified vs unamplified), and RQ 9 involved a projection factor (projected vs
unprojected with amplified self-vocalized speech.
2.7 Power analysis

Only one previous study of speech loudness matching in PD has been reported (Ho, et
al., 2000). In addition, three previous studies of speech loudness imitation in PD have
been reported (Adams et al., 2006; Clark et al., 2014; De Keyser et al., 2016).
Unfortunately, the study by DeKeyser et al., 2016, did not use hypophonia as an inclusion

criterion for the participants with IWPD and failed to show a significant difference in
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speech intensity between their PD and control participants. Therefore, this study was not
included in the power analysis.

The speech loudness matching study by Ho et al. (2000) involved one condition
(playback perception of reading) that is comparable to Condition 1 (Manually Controlled
Playback Response of a read sentence) in the present study. The conditions in both
studies involve the loudness matching of previously recorded speech that was read aloud
at different intensity levels. Both studies involve the use of a manually controlled knob
used by participants to match the loudness of the target and response stimuli. The Ho et
al. (2000) study found a difference between the PD group and the control group (n=15 per
group) of 2.93 dB (PD = 65.21 dB and C = 62.28 dB). The PD group over-estimated the
loudness of the stimuli relative to the control group. Unfortunately, the Ho study only
provided the SD values in the form of error bars in a figure. Based on a careful visual
inspection of the figure, the SD is estimated to be 2 dB for both the PD and HC results
related to this loudness matching group comparison. Using this group difference value
(2.93 dB) and the estimated SD value (2 dB), the effect size is estimated to be dz = 1.46
(dz=M/SD = 2.93/2). Using G*Power 3.1.9.2 software (Faul et al., 2007) and the
proposed n=15 per group, p=.05, and dz=1.46, the power was estimated as .97. This
power analysis is related to the planned post-hoc analysis involving the comparison of the
PD and HC groups in Condition 1.

The imitation of speech loudness study by Adams et al., (2006) involved an imitation
task that was comparable to condition 3 in the present study (Speech Loudness Matching
using an unamplified, vocalized loudness response by the participant projected to a 2-
metre target). In the Adams et al. (2006) study, PD and control participants (n=10 in each

group) imitated a sentence (I owe you a yoyo) presented at target intensity levels of 60,
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70 and 80 dB. The PD group had an average imitation response intensity that was
approximately 2.5 dB lower than that of the control group. This difference was significant
(p = 0.013). The estimated SD for the two groups was 2.25 dB. Using this group
difference value (2.5 dB) and the estimated SD value (2.25 dB), the effect size is
estimated to be dz = 1.11 (dz = M/SD = 2.5/2.25). Using G*Power 3.1.9.2 software (Faul
et al., 2007) and the proposed n=15 per group, p=.05, and dz=1.11, the power was
estimated as .83.

The second imitation of speech loudness study by Clark et al., (2014) involved an
imitation task that was comparable to condition 3 in the present study (Speech Loudness
Matching using an unamplified, vocalized loudness response by the participant projected
to a 2-metre target). In the Clark et al. (2014) study, PD and control participants (PD
group n=17; C group n = 25) imitated a sentence (The puppies chased the ball) presented
at target intensity levels of 60, 65, 70, 75 and 80 dB. The PD group had an average
imitation response intensity for the 70 and 75 dB targets that were 2.33 dB lower than that
of the control group. This difference was significant (p = 0.011). The SD for the two
groups was 2.46 dB. Using this group difference value (2.33B) and the SD value (2.46
dB), the effect size is estimated to be dz = .95 (dz = M/SD = 2.33/2.46). Using G*Power
3.1.9.2 software (Faul et al., 2007) and the proposed n=15 per group, p=.05, and dz=.95,
the power was estimated as .71.

Across these 3 power analyses, it appears that an average power estimate for the
present speech loudness matching study involving of 15 participants in both the PD and

control groups would be .84 ((.97 + .83 +.71)/ 3).
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Chapter 3
3. Results

3.1 Speech Loudness Matching Condition 1 (RQ 1): Manually Controlled Playback

Response from same distance as the 2-metre target

The results of the speech loudness matching in condition 1 addressed RQ1. RQlI
examined the difference between IWPD and HC participants in the loudness matching of
manually controlled playback response, presented at the same 2-metre distance as the
target speech stimuli presented via an audio monitor (i.e., unprojected manual control
response). Matching of playback response was done to 5 target loudness levels (60, 65,
70, 75 and 80 dB). A two-way repeated measures ANOVA was used to address this
research question.

The descriptive statistics and average group results related to the 5 loudness
matching levels for both the PD and HC groups are shown in Table 3 and Figure 6
respectively.

Table 3

Descriptive statistics for the error scores in condition 1

Loudness PD HC Total
Level
Mean SD Mean SD Mean SD

60 dB -1.52 2.11 -0.66 1.31 -1.09 1.78
65 dB 0.48 1.53 1.44 1.28 0.96 1.47
70 dB 1.07 2.61 0.96 1.53 1.01 2.10
75 dB 1.74 1.23 1.23 1.68 1.49 1.47
80 dB 2.07 1.99 2.55 2.03 2.31 1.99
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Figure 6
Mean error scores for PD and HC groups obtained for the 5 loudness matching levels during

condition 1. Error bars represent one standard error above and below the mean
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The results of the two-way (group by loudness level) ANOVA indicated that there
was no significant main effect of group (F (1,28) = 1.25, p = 0.273, n?> = .04) with PD
participants having a similar marginal mean (M = 0.77; SE = .21) to that of the control
participants (M = 1.11; SE = .213). However, there was a significant main effect of the
loudness level (F (4,112) = 15.21, p =< 0.001, n? =.35). A post-hoc analysis was used to
examine the pairwise comparisons related to the 5 loudness levels. The results of these
pairwise post-hoc comparisons are shown in Table 4. A significant difference was found

for each of the pairwise comparisons at the 60 dB loudness level.
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Table 4

Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness
levels (60, 65, 70, 75 and 80 dB) in condition 1

Pairwise comparisons and p values

Feedback

Conditions  \jean g 60dB  65dB  70dB  75dB  80dB
60 dB .09 32 ;

65 dB 0.96 26 <.001* ;

70 dB 1.01 39 015%  1.00 -

75 dB 1.48 27 <001*  1.00 1.00 ;

80 dB 231 37 <001* 138 087 073 -

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

The group by loudness level interaction was not significant (F (4,112) = 0.96, p =
0.406, n?> = .033). This is illustrated in Figure 6, which shows that the PD and HC
participants showed a similar pattern of results across the 5 loudness levels. This non-
significant interaction is further illustrated by the pairwise post-hoc comparisons
presented in Table 4.

In order to illustrate this group by loudness level interaction in more detail, a post-
hoc analysis related to the pairwise comparisons of group differences at each loudness

level was performed. These post-hoc results are presented in Table 5.
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Table 5

Post-hoc results related to the comparison of the PD versus HC group error scores at each of the
5 loudness matching levels obtained during condition 1

HC HC - PD difference score t-test
Loudness
Level M Standard  F- p

Mean SD Mean SD -can error value value
difference .
difference

60 dB -1.52  2.11 -0.66 1.31 0.86 0.64 1.81 190
65 dB 0.48 1.53 1.44 1.28 0.96 0.51 3.52 071
70 dB 1.07 2.61 0.96 1.53 -0.11 0.78 0.02 .888
75 dB 1.74 1.23 1.23 1.68 -0.51 0.54 0.89 354
80 dB 2.07 1.99 2.55 2.03 0.48 0.73 0.42 521

In summary, these results related to RQ1 indicate that there was no difference
between IWPD and HC participants in the loudness matching of pre-recorded speech
stimuli that was played back through a manually controlled response audio monitor
(loudspeaker) that was at the same location as an audio monitor playing the target stimuli.
3.2 Speech Loudness Matching Condition 2 (RQ 2): Manually Controlled Playback

Response from position near the participant (projected to the 2-meter target)

The results of the speech loudness matching in condition 2 addressed RQ2. RQ2
examined the difference between IWPD and HC participants in the loudness matching of
manually controlled playback response, presented at a position near the participant, 2-
metre distance from the target speech stimuli presented via an audio monitor (i.e.,
projected manual control response). Matching of playback response was done to 5 target
loudness levels (60, 65, 70, 75 and 80 dB). A two-way repeated measures ANOVA was

used to address this research question.
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The descriptive statistics and average group results related to the 5 loudness
matching levels for both the PD and HC groups are shown in Table 6 and Figure 7
respectively.

Table 6

Descriptive statistics for the error scores in condition 2

Loudness — pp HC Total
Level
Mean SD Mean SD Mean  SD
60 dB -1.42 2.40 -1.09 2.71 -1.26 252
65 dB 1.43 2.40 0.65 223 1.04 231
70 dB 3.50 2.10 2.52 2.74 3.01 245
75 dB 4.45 2.67 3.98 3.04 4.21 2.82
80 dB 5.33 222 4.95 291 5.14 2.55
Figure 7

Mean error scores for PD and HC groups obtained for the 5 loudness matching levels during

condition 2. Error bars represent one standard error above and below the mean
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The results of the two-way (group by loudness level) ANOVA indicated that there
was no significant main effect of group (£ (1,28) = 0.311, p = 0.582, n?> = .01) with PD
participants having a similar marginal mean (M = 2.66; SE = .58) to that of the control
participants (M = 2.20; SE = .58). However, there was a significant main effect of the
loudness level (F (4,112) = 107.42, p =< 0.001, n?> =.79). A post-hoc analysis was used to
examine the pairwise comparisons related to the 5 loudness levels. The results of these
pairwise post-hoc comparisons are shown in Table 7. A significant difference was found
for each of the pairwise comparisons across loudness levels.

Table 7

Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness

levels (60, 65, 70, 75 and 80 dB) in condition 2

Pairwise comparisons and p values

Feedback

Conditions  \fean  sE 60dB  65dB  70dB  75dB  80dB
60 dB 1.09 32 i

65 dB 0.96 26 <.001% i

70 dB 1.01 39 <001*  <.001* i

75 dB 1.48 27 <001*  <001*  .010* i

80 dB 231 37 <001*  <.001*  <.001*  .011* i

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)
The group by loudness level interaction was not significant (¥ (4,112) = 1.02, p =
0.387, n* = .035). This is illustrated in Figure 7, which shows that the PD and HC
participants showed a similar pattern of results across the 5 loudness levels. This non-
significant interaction is further illustrated by the pairwise post-hoc comparisons

presented in Table 8. None of these post-hoc comparisons were significant.
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Table 8

Post-hoc results related to the comparison of the PD versus HC group error scores at each of the

5 loudness matching levels obtained during condition 2

PD HC HC — PD difference score t-test
Loudness
Level Mean Standard ~ F- p

Mean SD Mean SD . error value value

difference .
difference

60 dB -1.42 240 -1.09 2.71 0.33 0.93 0.12 727
65 dB 1.43 2.40 0.65 2.23 -0.78 0.85 0.85 363
70 dB 350 210 2.52 2.74 -0.98 0.89 1.21 281
75 dB 445 2.67 3.98 3.04 -0.48 1.05 0.21 .652
80 dB 5.33 2.22 5.33 291 -0.38 0.94 0.16 .687

In summary, these results related to RQ2 indicate that there was no difference
between IWPD and HC participants in the loudness matching of pre-recorded speech
stimuli that was played back through a manually controlled response via an audio monitor
(loudspeaker) that had to be projected from a location nearby the participant to a distant
(2 metre) audio monitor playing the target stimuli.

3.3 Speech Loudness Matching Condition 3 (RQ 3): Unamplified, Vocalized

Loudness Response by the Participant (projected to the 2-meter target)

The results of the speech loudness matching in condition 3 addressed RQ3. RQ3
examined the difference between IWPD and HC participants in the loudness matching of
self-vocalized speech in response to 5 loudness levels (60, 65, 70, 75 and 80 dB) of target
speech stimuli presented via an audio monitor that was located 2 meters from the
participant (i.e., projected vocal response). The statistical method used to address this

research question (RQ3) was the two-way repeated measures ANOVA.
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The descriptive statistics and average group results related to the 5 loudness
matching levels for both the PD and HC groups are shown in Table 9 and Figure 8
respectively.

Table 9

Descriptive statistics for the error scores in condition 3

Loudness — pp HC Total
Level
Mean SD Mean SD Mean  SD
60 dB -0.12 3.36 2.25 2.20 1.06 3.04
65 dB 3.12 3.52 5.33 2.73 423 3.29
70 dB 6.26 3.81 8.32 2.84 7.29 3.46
75 dB 9.61 3.45 11.26 3.27 1043 341
80 dB 12.55 4.09 12.48 3.20 12.52  3.61
Figure 8

Mean error scores for PD and HC groups obtained for the 5 loudness matching levels during
condition 3. Error bars represent one standard error above and below the mean
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The results of the two-way (group by loudness level) ANOVA indicated that there
was no significant main effect of group (F (1,28) =2.12, p = 0.156, 12 = .07) with PD
participants having a similar marginal mean (M = 6.28; SE = .79) to that of the control
participants (M = 7.92; SE = .79). In contrast, there was a significant main effect of the
loudness level (F (4,112) = 408.44, p =< 0.001, n?> =.936). A post-hoc analysis was used
to examine the pairwise comparisons related to the 5 loudness levels. The results of these
pairwise post-hoc comparisons are shown in Table 10. In general, a significant difference
was found for each of the pairwise comparisons of the loudness levels and this is reflected
in the general pattern involving a gradual increase in the error score as the loudness level
increased from 60 to 80 dB.

Table 10

Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness

levels (60, 65, 70, 75 and 80 dB) in condition 3

Pairwise comparisons and p values

Feedback

Conditions  \fean  sE 60dB  65dB  70dB  75dB  80dB
60 dB 1.06 51 i

65 dB 422 57 <.001% i

70 dB 7.29 61 <001%  <.001* i

75 dB 1043 .61 <001*  <001*  <.001* i

80 dB 1251 .67 <001*  <.001* <.001*  <.001* i

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

It is important to note that the main effects for group and loudness level factors
needs to be qualified because of the finding of a significant group by loudness level

interaction (F (4,112) = 4.73, p = 0.012, n? = .145). This significant interaction is
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illustrated in Figure 8, which shows that the previously described trend involving an
increase in the error score as the loudness level increases was different for the PD
participants relative to the control participants. In particular, across the loudness levels,
the HC participants showed a greater error score than the PD participants at the lower
loudness level (60 dB) but not at the higher loudness levels (80 dB).

In order to illustrate this group by loudness level interaction in more detail, a post-
hoc analysis related to the pairwise comparisons of group differences at each loudness
level was performed. These post-hoc results are presented in Table 11. The post-hoc
analysis found a significant group difference in the error scores for the 60 dB loudness
level (p = 0.030) with the HC participants showing a higher error score (M= 2.25; SD =
2.19) than the PD participants (M = -0.124; SD = 3.36). For all of the other loudness
levels, no significant group difference was observed (the 65 dB level approached
significance with a p = 0.066). These post-hoc results indicate that the significant group
by level interaction is related to a greater group difference in the error scores for the lower

loudness level (60 dB) than for the higher loudness levels (70, 75, 80 dB).

57



Table 11

Post-hoc results related to the comparison of the PD versus HC group error scores at each of the

5 loudness matching levels obtained during condition 3

PD HC HC — PD difference score t-test
Loudness
Level Mean Standard ~ F- p

Mean SD Mean SD . error value value

difference .
difference

60 dB -0.12 3.36 2.25 2.20 2.37 1.03 5.23 .030*
65 dB 3.12 3.52 5.32 2.72 2.20 1.15 3.66 .066
70 dB 6.26 3.81 8.32 2.84 2.06 1.22 2.81 104
75 dB 9.61 345 11.26 3.27 1.65 1.22 1.81 .189
80 dB 12.55 4.09 12.48 3.20 -.06 1.34 .003 960

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

In summary, these results related to RQ3 indicate that there was a difference between
the PD and HC participants at some of the loudness levels during the loudness matching
of self-vocalized speech in response to target speech stimuli presented via an audio
monitor that was located 2 metres from the participant (i.e., projected vocal response).
More specifically, the PD participants had a lower error score than the HC participants
during the lower loudness levels and this reach significance for the 60 dB loudness level.
3.4 Speech Loudness Matching Condition 4 (RQ 4): Amplified (+10 dB) Vocalized

Loudness Response by participant (projected to the 2-metre target)

The results of the speech loudness matching in condition 4 addressed RQ4. RQ4
examined the difference between IWPD and HC participants in the loudness matching of
amplified (+10 dB) self-vocalized speech presented via an audio monitor near the
participant, in response to 5 loudness levels (60, 65, 70, 75 and 80 dB) of target speech

stimuli presented via an audio monitor that was located 2 meters from the participant (i.e.,

58



projected amplified vocal response). The statistical method used to address this research
question (RQ4) was the two-way repeated measures ANOVA.

The descriptive statistics and average group results related to the 5 loudness
matching levels for both the PD and HC groups are shown in Table 12 and Figure 9
respectively.

Table 12

Descriptive statistics for the error scores in condition 4

Loudness PD HC

Total
Level
Mean SD Mean SD Mean SD

60 dB -6.91 3.45 -4.59 2.18 -5.75 3.07
65 dB -3.22 3.75 -0.79 2.15 -2.01 3.25
70 dB 0.13 3.51 247 2.04 1.30 3.06
75 dB 3.61 344 5.69 2.39 4.65 3.09
80 dB 6.36 3.54 8.18 2.10 7.27 3.01
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Figure 9

Mean error scores for PD and HC groups obtained for the 5 loudness matching levels during
condition 4. Error bars represent one standard error above and below the mean
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The results of the two-way (group by loudness level) ANOVA indicated that there
was a significant main effect of group (F (1,28) =4.78, p = 0.037, n?> = .14) with PD
participants having a significantly different marginal mean (M = -.005; SE = .71) to that
of the HC participants (M = 2.19; SE = .71). Additionally, there was a significant main
effect of the loudness level (F (4,112) = 593.49, p = < 0.001, > =.955). A post-hoc
analysis was used to examine the pairwise comparisons related to the 5 loudness levels.
The results of these pairwise post-hoc comparisons are shown in Table 13. In general, a
significant difference was found for each of the pairwise comparisons of the loudness
levels and this is reflected in the general pattern involving a gradual increase in the error
score as the loudness level increased from 60 to 80 dB. It should be noted that the 60 dB

and 65 dB loudness levels were associated with negative error scores in both groups.
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These negative error scores correspond to participant response intensity levels that were
greater than the target intensity levels.

Table 13

Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness

levels (60, 65, 70, 75 and 80 dB) in condition 4

Feedback Pairwise comparisons and p values

Conditions  \fean  sE 60dB  65dB  70dB  75dB  80dB
60 dB 575 53 ;

65 dB 201 56 <001% -

70 dB 130 52 <001%  <001* -

75 dB 4.65 54 <001%  <001* <.001* -

80 dB 7.27 53 <001%  <001* <.001* <.001* -

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

The group by loudness level interaction was not significant (¥ (4,112) =0.33,p =

0.785, 1% = .012).
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Table 14

Post-hoc results related to the comparison of the PD versus HC group error scores at each of the

5 loudness matching levels obtained during condition 4

HC HC - PD difference score t-test

Loudness
Level Mean Standard ~ F- p

Mean SD Mean SD . error value value

difference .
difference

60 dB -6.91 3.45 -4.59 2.18 2.31 1.05 4.81 .037*
65 dB -3.22  3.75 -0.79  2.15 2.42 1.17 4.70 .039*
70 dB 0.13 3.51 2.47 2.04 2.34 1.05 4.97 .034*
75 dB 3.61 3.44 5.69 2.39 2.07 1.08 3.68 065
80 dB 6.36 3.54 8.18 2.10 1.82 1.06 2.94 .098

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

In summary, these results related to RQ4 indicate that there was a difference between
the PD and HC participants during the loudness matching of amplified (+10 dB), self-
vocalized speech in response to target speech stimuli presented via an audio monitor that
was located 2 metres from the participant (i.e. projected, amplified, self-vocalized). More
specifically, the PD participants had a lower error score than the HC participants during
the lower loudness levels and this reached significance for the 60 dB, 65 dB and 70 dB
loudness levels. In addition, the intensity of the vocal response was greater than the target
intensity (negative error score) for the 60 dB and 65 dB loudness matching levels.

3.5 Speech Loudness Matching Condition 5 (RQ 5): Amplified (+10 dB) Vocalized

Loudness Response at the same 2-metre distance as the target

The results of the speech loudness matching in condition 5 addressed RQS5. RQ5
examined the difference between PD and HC participants in the loudness matching of
amplified (+10 dB) self-vocalized speech presented via an audio monitor located 2 metres

from the participant, in response to 5 loudness levels (60, 65, 70, 75 and 80 dB) of target
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speech stimuli presented via an audio monitor that was located 2 meters from the

participant (i.e., unprojected amplified vocal response). The statistical method used to

address this research question (RQ5) was the two-way repeated measures ANOVA.
The descriptive statistics and average group results related to the 5 loudness

matching levels for both the PD and HC groups are shown in Table 15 and Figure 10

respectively.

Table 15

Descriptive statistics for the error scores in condition 5

Loudness PD HC Total
Level
Mean SD Mean SD Mean SD

60 dB -9.28 3.45 -6.24 4.21 -7.76 4.09
65 dB -6.27 3.15 -2.81 3.90 -4.54 3.90
70 dB -2.85 341 0.49 341 -1.18 3.75
75 dB 0.77 2.88 3.28 3.22 2.03 3.26
80 dB 3.65 3.07 6.05 3.03 4.85 3.24
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Figure 10

Mean error scores for PD and HC groups obtained for the 5 loudness matching levels during

condition 5. Error bars represent one standard error above and below the mean
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The results of the two-way (group by loudness level) ANOVA indicated that there
was a significant main effect of group (F (1,28) = 6.27, p = 0.018, > = .18) with PD
participants having a significantly different marginal mean (M = -2.79; SE = .83) to that
of the HC participants (M = 0.15; SE = .83). Additionally, there was a significant main
effect of the loudness level (F (4,112) =549.92, p =< 0.001, n2 =.952). A post-hoc
analysis was used to examine the pairwise comparisons related to the 5 loudness levels.
The results of these pairwise post-hoc comparisons are shown in Table 16. In general, a
significant difference was found for each of the pairwise comparisons of the loudness
levels and this is reflected in the general pattern involving a gradual increase in the error

score as the loudness level increased from 60 to 80 dB.
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Table 16

Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness

levels (60, 65, 70, 75 and 80 dB) in condition 5

Feedback Pairwise comparisons and p values

Conditions  \jean  gg 60dB  65dB  70dB  75dB  80dB
60 dB 776 70 .

65 dB 454 .65 <001% -

70 dB 118 .62 <001*  <.001% -

75 dB 2.03 56 <001*  <.001%*  <.001% -

80 dB 4.85 56 <001*  <.001%* <.001* <001* -

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

The group by loudness level interaction was not significant (¥ (4,112) =1.23,p =
0.294, n? = .042).

In order to examine the group effect at each loudness level, a post-hoc analysis
related to the pairwise comparisons of group differences at each loudness level was
performed. These post-hoc results are presented in Table 17. The post-hoc analysis found
a significant group difference in the error scores at each of the 5 loudness levels with the
HC participants showing a higher error score than the PD participants at each level. It
should be noted that the 60 dB and 65 dB loudness levels were associated with negative
error scores in both groups. In addition, the PD participants had a negative error score
during the 70 dB loudness level. These negative error scores correspond to participant

response intensity levels that were greater than the target intensity levels.
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Table 17

Post-hoc results related to the comparison of the PD versus HC group error scores at each of the

5 loudness matching levels obtained during condition 5

PD HC HC - PD difference score t-test
Loudness
Level Mean Standard  F- p

Mean SD Mean SD . error value value

difference .
difference

60 dB -9.28 3.45 -6.24 4.21 3.04 1.41 4.69 .039*
65 dB -6.27 3.15 -2.81 3.90 3.46 1.29 7.15 012*
70 dB -2.85 341 0.49 3.41 3.33 1.24 7.17 012%
75 dB 0.77 2.88 3.28 3.22 2.51 1.11 5.07 .032*
80 dB 3.65 3.07 6.05 3.03 2.41 1.11 4.68 .039*

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

In summary, these results related to RQS5 indicate that there was a difference between
the PD and HC participants during the loudness matching of amplified (+10 dB), self-
vocalized speech that was output from a response audio monitor that was at the same
location as an audio monitor playing the target stimuli (i.e. unprojected, amplified, self-
vocalized response). More specifically, the PD participants had a significantly lower error
score than the HC participants during each of the five loudness levels. In addition, for
both groups, the intensity of the vocal response was greater than the target intensity
(negative error score) for the 60 dB and 65 dB loudness matching levels. The PD group
also had a negative error score for the 70 dB loudness level.

3.6 Summary of speech loudness matching conditions 1-5
The following is a brief summary of the results related to RQ1 to RQ5. RQ1 and
RQ2 examined loudness matching of externally presented target stimuli and responses

involving manually controlled external stimuli. For these manually controlled loudness
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matching responses no group effect was observed and therefore the PD participants
performed these loudness matching conditions similar to HC participants. RQ3, RQ4 and
RQ5 examined loudness matching procedures that involved self-vocalized responses
instead of the manually controlled responses used in RQ1 and RQ2. RQ3 involved
unamplified self-vocalized responses while RQ4 and RQS5 used amplified self-vocalized
responses. For all three of these self-vocalized RQs, group differences emerged. For RQ3,
the unamplified self-vocalized responses of the PD participants had lower loudness
matching error scores than HC controls during the lower loudness levels (significant for
the 60 dB level), but not the higher loudness levels. This group difference became more
apparent and occurred across all 5 loudness levels during the RQ4 and RQS5 conditions.
For RQ4 and RQS5, the amplified self-vocalized responses of the PD participants had
lower loudness matching error scores than the controls during most of the 5 loudness
levels (significant for 3/5 levels for RQ4 and 5/5 levels for RQ5).

These results for RQ1 to RQS5 indicate that there were differences in the loudness
matching performance of PD and HC participants that were influenced by the nature of
the stimulus-response conditions. Greater group differences in the loudness matching
error scores appeared to emerge as conditions shifted from external manually controlled
responses, to self-vocalized responses, to amplified, self-vocalized responses. There may
have been additional effects of projection distance on the loudness matching error scores
of the amplified self-vocalized responses (RQ4 versus RQ5). The following sections
related to RQ6 to RQ9 attempt to examine more specifically the influence of the above
stimulus-response conditions on the group differences in greater detail by presenting
statistical comparisons of selected pairs of conditions (i.e., RQ6 involves condition 1

versus condition 2).
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3.7 Speech Loudness Matching Condition 1 versus 2 (RQ 6): Is there a difference in
the loudness matching of speech stimuli played back from a projected (near-
participant) audio monitor (condition 2) versus an unprojected audio monitor at
the same location as the target (condition 1) in IWPD and control participants?
The following section relates to a comparison of the results obtained for speech

loudness matching condition 1 versus condition 2 and addresses RQ6. Condition 1

examined loudness matching of manually controlled external speech stimuli response

played back via an audio monitor at the same 2-metre distance used to play the external
speech target via an audio monitor. Condition 2 examined loudness matching of manually
controlled external speech stimuli response played back via an audio monitor near the
participant and 2-metres away from the target audio monitor used to play the external

target speech stimuli. Both conditions involved the PD and HC participants and 5

loudness levels (60, 65, 70, 75 and 80 dB) of target speech stimuli. The statistical method

used to address this research question (RQ6) was the three-way repeated measures

ANOVA that involved a group factor with two levels (PD vs HC), a loudness level factor

with 5 levels (60, 65, 70, 75, and 80 dB), and a condition factor with 2 levels (condition 1

vs condition 2). The primary dependent (outcome) measure was the average error score

which was determined by subtracting the response speech intensity (dB SPL) from the
target speech intensity for each trial to obtain a per trial error score and then averaging
these scores for each loudness level. Thus, RQ6 examined if there were differences in the
error scores during the loudness matching of unprojected, manually controlled, external

stimuli (condition 1) versus projected, manually controlled, external stimuli (condition 2).

In addition, this comparison of conditions was examined and compared across the PD and
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HC groups and at the 5 different loudness levels to determine if there were group by
condition by level interactions.

The descriptive statistics and average group results related to the 2 conditions and the
5 loudness matching levels for both the PD and HC groups are shown in Table 18 and
Figure 11.
Table 18

Descriptive statistics for the error scores related to the 2 conditions (1 and 2) and the 5 loudness

matching levels obtained for the PD and HC groups

Condition 1 PD HC Total

i(e):fln ©s8 Mean SD Mean SD Mean  SD
60 dB -1.52 2.11 -0.66 1.31 -1.09 1.78
65 dB 0.48 1.53 1.44 1.28 0.96 1.47
70 dB 1.07 1.23 0.96 1.52 1.01 2.10
75 dB 1.74 1.23 1.23 1.68 1.49 1.47
80 dB 2.07 2.00 2.55 2.02 231 1.99
Condition2  PD HC Total

i(e):fln ©ss Mean SD Mean SD Mean  SD
60 dB -1.42 240 -1.09 2.71 -1.26  2.52
65 dB 1.43 240 0.65 2.23 1.04 231
70 dB 3.50 2.10 2.52 2.74 3.01 245
75 dB 4.45 2.67 3.98 3.04 4.21 2.82
80 dB 5.33 222 5.33 291 5.14 2.55
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Figure 11

Mean error scores for the HC and PD groups obtained for the 5 loudness matching levels during

condition 1 and condition 2. Error bars represent one standard error above and below the mean
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The results of the three-way (condition by group by loudness level) ANOVA
indicated that there was no significant main effect of group (¥ (1,28) =0.017, p = 0.896,
n? =.001) with PD participants having a similar marginal mean (M = 1.71; SE = .32) to
that of the control participants (M =1.65; SE = .32). In contrast, there was a significant
main effect of the loudness level (F (4,112) = 68.07, p =< 0.001, n? =.709). A post-hoc
analysis was used to examine the pairwise comparisons related to the 5 loudness levels.
The results of these pairwise post-hoc comparisons are shown in Table 19. In general, a
significant difference was found for each of the pairwise comparisons of the loudness
levels and this is reflected in the general pattern involving a gradual increase in the error

score as the loudness level increased from 60 to 80 dB.
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Table 19

Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness

levels. These marginal means reflect a combination of the 2 conditions (1 and 2) and the 2 groups

Pairwise comparisons and p values

Feedback

Conditions  njean  s£ 60dB 65dB 70dB 75dB 80 dB
60 dB 1175 318 -

65 dB 1000 258  <001* -

70 dB 2011 292 <001% .023* ;

75 dB 2850 321 <.001* <.001% .045* ;

80 dB 3727 343 <001% <.001* <.001% .001% ;

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

There was a significant main effect of condition (¥ (1,28) = 12.88, p = 0.001, n?
=.315). This effect relates to a significantly higher error score for condition 2 (M =2.43;
SE =0.411) relative to condition 1 (M = 0.936; SE =0.151).

It is important to note that the main effects for the group, loudness level, and
condition factors need to be evaluated relative to any potential interactions. The group by
loudness level interaction was not significant (¥ (4,112) = 1.05, p = 0.364, n> = .036).
Additionally, the group by condition interaction was not significant (¥ (1,28) =0.91, p =
0.347,n? =.032), and the group by loudness level by condition interaction was not
significant (F (4,112) = 0.86, p = 0.469, n?> =.030). In contrast, the condition by loudness
level interaction was significant (F (4,112) = 17.25, p=<0.001, n?> =.381). This
significant interaction is illustrated in Figure 11 which shows that the previously
described trend involving an increase in the error score as the loudness level increases
was different for condition 1 relative to condition 2. In particular, condition 1 shows a

more gradual increase in error scores (flatter slope) as loudness level increases, while
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condition 2 shows a much greater increase in error scores (steeper slope) as loudness level
increases.

In order to illustrate this condition by loudness level interaction in more detail, a
post-hoc analysis related to the pairwise comparisons of condition differences at each
loudness level was performed. These post-hoc results are presented in Table 20. The post-
hoc analysis found a significant, condition 1 versus condition 2, difference in the error
scores at 3 of the 5 loudness levels (70 dB, 75 dB, 80 dB) with the condition 2 error score
having a greater value than condition 1 for all of the loudness levels, except for the 60 dB
loudness level. The significant interaction is reflected in the finding that the mean
condition 1 versus condition 2 difference (Mdiff) gradually decreased from the near zero
60 dB loudness level (Mdiff = 0.16; SE = .48) to the more negative 80 dB loudness level
(Mdiff = 2.82; SE = .49).

Table 20

Post-hoc results related to the comparison of the marginal mean error scores for Condition 1

(C1) versus Condition 2 (C2) at each of the 5 loudness matching levels

C1 — C2 difference

Condition 1 Condition 2
score t-test

Standard
Loudness Mean SE Mean  SE Mean error p value
Level difference .

difference
60 dB -1.09 .32 -1.26 47 0.16 A48 733
65 dB 0.96 25 1.04 42 -0.08 47 .866
70 dB 1.01 .39 3.01 44 -1.99 .60 .002*
75 dB 1.48 .26 421 52 -2.73 52 <.001*
80 dB 2.31 .36 5.14 47 -2.82 49 <.001*

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)
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In summary, these results related to RQ6 indicate that there was a significant
difference between condition 1 (the condition that involved loudness matching of external
target stimuli and manually controlled response stimuli played back from 2 audio
monitors both at a 2-meter distance from the participant (not projected)) and condition 2
(the condition that involved loudness matching of external target stimuli presented from
an audio monitor at a 2-meter distance and manually controlled response stimuli played
back from an audio monitor near the participant (projected)). The projected condition
(condition 2) had a larger error score than the unprojected condition (condition 1) in both
the PD and HC groups. There was no significant difference between the PD and HC
groups for this condition 1 versus condition 2 effect.

3.8 Speech Loudness Matching Condition 2 versus 3 (RQ 7): Is there a difference
between condition 2 (the condition involving loudness matching of external
target stimuli presented from an audio monitor at a 2-meter distance and
manually controlled response stimuli played back from an audio monitor near
the participant (projected)) and condition 3 (the condition involving the loudness
matching of external target stimuli presented from an audio monitor at a 2-
meter distance and a self-vocalized speech response, projected to the 2-meter
audio monitor target) in PD and HC groups?

The following section relates to a comparison of the results obtained for speech
loudness matching condition 2 versus condition 3 and addressed RQ7. Condition 2
examined loudness matching of manually controlled external speech stimuli played back
via an audio monitor, projected to the 2-metre target. Condition 3 examined loudness
matching of self-vocalized speech, projected to the 2-metre target. Both conditions

involved the PD and HC participants and 5 loudness levels (60, 65, 70, 75 and 80 dB) of
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target speech stimuli. The statistical method used to address this research question (RQ7)
was the three-way repeated measures ANOVA that involved a group factor with two
levels (PD vs HC), a loudness level factor with 5 levels (60, 65, 70, 75, and 80 dB), and a
condition factor with 2 levels (condition 2 vs condition 3). The primary dependent
(outcome) measure was the average error score which was determined by subtracting the
response speech intensity (dB SPL) from the target speech intensity for each trial to
obtain a per trial error score and then averaging these scores for each loudness level.
Thus, RQ7 examined if there were differences in the error scores during the loudness
matching of external stimuli (condition 2) versus self-produced stimuli (condition 3). In
addition, this comparison of conditions was examined and compared in the PD and HC
groups to determine if there were group by condition differences (an interaction).

The descriptive statistics and average group results related to the 2 conditions and the
5 loudness matching levels for both the PD and HC groups are shown in Table 21, and

Figure 12.
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Table 21

Descriptive statistics the error scores related to the 2 conditions (2 and 3) and the 5 loudness

matching levels obtained for the PD and HC groups

Condition2  PD HC Total

i(e):fln ©s8 Mean SD Mean SD Mean  SD
60 dB -1.42 240 -1.09 2.71 -1.26  2.52
65 dB 1.43 240 0.65 2.23 1.04 231
70 dB 3.50 2.10 2.52 2.74 3.01 245
75 dB 4.45 2.67 3.98 3.04 4.21 2.82
80 dB 5.33 222 4.95 291 5.14 2.55
Condition3  PD HC Total

i(e):fln ©ss Mean SD Mean SD Mean  SD
60 dB -0.12 3.36 2.25 2.20 1.06 3.04
65 dB 3.12 3.52 5.33 2.73 4.23 3.29
70 dB 6.26 3.81 8.32 2.84 7.29 3.46
75 dB 9.61 3.45 11.26 3.27 1043 341
80 dB 12.55 4.09 12.48 3.20 12.52  3.61
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Figure 12

Mean error scores for the HC and PD groups obtained for the 5 loudness matching levels during

condition 2 and condition 3. Error bars represent one standard error above and below the mean
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The results of the three-way (condition by group by loudness level) ANOVA
indicated that there was no significant main effect of group (¥ (1,28) = 0.675, p = 0.418,
n? =.024) with PD participants having a similar marginal mean error score (M = 4.47; SE
=.51) to that of the control participants (M = 5.06; SE = .51). In contrast, there was a
significant main effect of the loudness level (F (4,112) =395.3, p =<0.001, n?> =.934). A
post-hoc analysis was used to examine the pairwise comparisons related to the 5 loudness
levels. The results of these pairwise post-hoc comparisons are shown in Table 22. In
general, a significant difference was found for each of the pairwise comparisons of the
loudness levels and this is reflected in the general pattern involving a gradual increase in

the error score as the loudness level increased from 60 to 80 dB.
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Table 22

Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness

levels. These marginal means reflect a combination of the 2 conditions (2 and 3) and the 2 groups

Pairwise comparisons and p values
Feedback

Conditions  \jean g 60dB  65dB 70dB 75dB 80 dB

60 dB -.098 354 B

65 dB 2.633 364 <.001* -

70 dB 5.150 417 <.001* <.001* -

75 dB 7.325 414 <.001* <.001* <.001* -

80 dB 8.830 422 <.001* <.001* <.001* <.001* -

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

There was a significant main effect of condition (¥ (1,28) = 48.02, p =< 0.001, n?
=.632). This effect relates to a significantly lower error score for condition 2 (M =2.43;
SE =0.411) relative to condition 3 (M = 7.106; SE = 0.565).

It is important to note that the main effects for the group, loudness level, and
condition factors need to be evaluated relative to any potential interactions. The group by
loudness level interaction was not significant (¥ (4,112) = 2.42, p = 0.090, n> = .080). The
group by condition interaction was not significant (F (1,28) =2.43, p = 0.130, n* = .080).
In contrast, the condition by loudness level interaction was significant (£ (4,112) = 45.25,
p=<0.001,n2=.618). This significant interaction is illustrated in Figure 12 which
shows that the previously described trend involving an increase in the error score as the
loudness level increases was different for condition 2 relative to condition 3. In particular,
condition 2 shows a more gradual increase in error scores (flatter slope) as loudness level
increases while condition 3 shows a much greater increase in error scores (steeper slope)

as loudness level increases.
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In order to illustrate this condition by loudness level interaction in more detail, a
post-hoc analysis related to the pairwise comparisons of condition differences at each
loudness level was performed. These post-hoc results are presented in Table 23. The post-
hoc analysis found a significant, condition 2 versus condition 3, difference in the error
scores at each of the 5 loudness levels with the condition 3 error score always having a
greater value than the condition 2 error score. The significant interaction is reflected in
the finding that the mean difference (Mdiff) between condition 2 versus condition 3
gradually increased from the low 60 dB loudness level (Mdiff = 2.32; SE = .69) to the
high 80 dB loudness level (Mdiff = 7.37; SE =.79).

Table 23

Post-hoc results related to the comparison of the marginal mean error scores for Condition 2

(C2) versus Condition 3 (C3) at each of the 5 loudness matching levels

C2 — C3 difference

Condition 2 Condition 3
score t-test

Standard
Loudness Mean SE Mean  SE Mean error p value
Level difference .

difference
60 dB -1.26 47 1.06 .52 -2.32 .68 .002*
65 dB 1.04 42 4.22 58 -3.18 .70 <.001*
70 dB 3.01 44 7.29 .61 -4.28 .67 <.001*
75 dB 421 52 10.43 .61 -6.22 78 <.001*
80 dB 5.14 47 12.52 .67 -7.37 .79 <.001*

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

Finally, the 3-way interaction involving group by loudness level by condition was
significant (F (4,112) = 3.12, p = 0.030, n?> =.100). This interaction is illustrated in Figure

12 and Table 24 which show that during condition 2 the HCs had a significantly lower
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error score than was observed during condition 3. In contrast, during condition 2, the PDs

only had a significantly lower error score than was observed during condition 3 for the

70, 75 and 80 dB levels. Unlike the HCs, the PDs showed no significant difference

between condition 2 and 3 during the 60 and 65 dB levels. Thus, there was a difference in

how the PDs and HCs performed during condition 2 versus condition 3 across the 5

loudness levels, but especially during the 60 and 65 dB levels.

Table 24

Post-hoc results related to the comparison of the mean error scores for Condition 2 (C2) versus

Condition 3 (C3) at each of the 5 loudness matching levels for the PD group and HC group

C2 — C3 difference

PD Group Condition 2 Condition 3
score t-test
Standard
Loudness Mean SD Mean  SD Mean error p value
Level difference .
difference
60 dB -1.42  2.40 -0.12 3.36 -1.29 0.97 192
65 dB 1.43 2.40 3.12 3.52 -1.69 0.99 .098
70 dB 349  2.09 6.26 3.81 -2.76 0.95 007*
75 dB 4.45 2.67 9.60 3.45 -5.15 1.11 <.001*
80 dB 5.33 2.21 12.55 4.09 -7.22 1.12 <.001*
HC Group  Condition 2 Condition 3 €2 —C3 difference
score t-test
Loudness Mean Standard
Level Mean SD Mean  SD . error p value
difference .
difference
60 dB -1.09 2.70 2.25 2.19 -3.34 0.97 002*
65 dB 0.64 2.23 5.32 2.72 -4.67 0.99 <.001*
70 dB 2.51 2.74 8.32 2.83 -5.80 0.95 <.001*
75 dB 3.97 3.04 11.26 3.26 -7.28 1.11 <.001*
80 dB 494 2091 12.48 3.19 -7.53 1.12 <.001*

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)
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In summary, these results related to RQ7 indicate that there was a significant
difference between condition 2 (the condition that involved loudness matching of
external target stimuli presented from an audio monitor at a 2-meter distance and
manually controlled response stimuli played back from an audio monitor near the
participant (projected)) and condition 3 (the condition that involved loudness matching of
external target stimuli presented from an audio monitor at a 2-meter distance and a self-
vocalized speech response, projected to the 2-meter audio monitor target). Condition 2
(projected external response) was generally associated with significantly higher error
scores than condition 3 (projected self-vocalized response). However, the significant 3-
way interaction indicated that the PD and HC groups responded differently to these 2
conditions across the 5 loudness levels. In particular, there was a similar condition effect
found for both groups during the higher loudness levels (70, 75, and 80 dB), but the lower
loudness levels (60 and 65 dB) had different condition effects across the two groups. The
PD group showed no significant difference between condition 2 and 3 during the 60 and
65 dB levels while the HC group showed a significant condition effect for these levels.
3.9 Speech Loudness Matching Condition 3 versus 4 (RQ 8): Is there a difference in

the loudness matching of amplified (+10 dB) self-vocalized speech (condition 4)

versus unamplified self-vocalized speech (condition 3) that are projected to a

distant (2 metre) target location in IWPD and control participants?

The following section relates to a comparison of the results obtained for speech
loudness matching condition 3 versus condition 4 and addressed RQS8. Condition 3
examined loudness matching of unamplified self-vocalized speech that was projected to a
2-metre target. Condition 4 examined loudness matching of amplified (+10 dB) self-

vocalized, speech that was projected to a 2-metre target. Both conditions involved the PD
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and HC participants and 5 loudness levels (60, 65, 70, 75 and 80 dB) of target speech
stimuli. The statistical method used to address this research question (RQS8) was the three-
way repeated measures ANOVA that involved a group factor with two levels (PD vs HC),
a loudness level factor with 5 levels (60, 65, 70, 75, and 80 dB), and a condition factor
with 2 levels (condition 3 vs condition 4). The primary dependent (outcome) measure was
the average error score which was determined by subtracting the response speech
intensity (dB SPL) from the target speech intensity for each trial to obtain a per trial error
score and then averaging these scores for each loudness level. Thus, RQ8 examined if
there were differences in the error scores during the loudness matching of unamplified,
projected, self-vocalized speech (condition 3) versus amplified, projected, self-vocalized
speech (condition 4). In addition, this comparison of conditions was examined and
compared in the PD and HC groups to determine if there were group by condition
differences (an interaction).

The descriptive statistics and average group results related to the 2 conditions and the
5 loudness matching levels for both the PD and HC groups are shown in Table 25 and

Figure 13.
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Table 25

Descriptive statistics for the error scores related to the 2 conditions (3 and 4) and the 5 loudness

matching levels obtained for the PD and HC groups

Condition3  PD HC Total

i(e):fln ©s8 Mean SD Mean SD Mean  SD
60 dB -0.12 3.36 2.25 2.20 1.06 3.04
65 dB 3.12 3.52 5.33 2.73 4.23 3.29
70 dB 6.26 3.81 8.32 2.84 7.29 3.46
75 dB 9.61 3.45 11.26 3.27 1043 341
80 dB 12.55 4.09 12.48 3.20 12.52  3.61
Condition4  PD HC Total

i(e):fln ©ss Mean SD Mean SD Mean  SD
60 dB -6.91 3.45 -4.59 2.18 -5.75 3.07
65 dB -3.22 3.75 -0.79 2.15 -2.01 3.25
70 dB 0.13 3.51 2.47 2.04 1.30 3.06
75 dB 3.61 3.44 5.69 2.39 4.65 3.09
80 dB 6.36 3.54 8.18 2.10 7.27 3.01
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Figure 13
Mean error scores for the HC and PD groups obtained for the 5 loudness matching levels during

condition 3 and condition 4. Error bars represent one standard error above and below the mean
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The results of the three-way (condition by group by loudness level) ANOVA
indicated that there was not a significant main effect of group (# (1,28) =3.61, p = 0.068,
n? = .114) with PD participants having a similar marginal mean (M = 3.14; SE = .71) to
that of the control participants (M = 5.05; SE = .71). In contrast, there was a significant
main effect of the loudness level (F (4,112) = 673.61, p =< 0.001, n?> =.960). A post-hoc
analysis was used to examine the pairwise comparisons related to the 5 loudness levels.
The results of these pairwise post-hoc comparisons are shown in Table 26. In general, a
significant difference was found for each of the pairwise comparisons of the loudness
levels and this is reflected in the general pattern involving a gradual increase in the error

score as the loudness level increased from 60 to 80 dB.
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Table 26
Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness

levels. These marginal means reflect a combination of the 2 conditions (3 and 4) and the 2 groups

Feedback Pairwise comparisons and p values
Conditions  njean  s£ 60dB  65dB 70dB 75dB  80dB
60 dB 234 49

65 dB Lo .52 <001% -

70 dB 429 .53 <001* <.001* -

75 dB 754 .53 <001* <.001* <.001* -

80 dB 289 .57 <001* <.001* <.001* <(001* -

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

There was a significant main effect of condition (¥ (1,28) = 302.17, p =< 0.001, )
=.915). This effect relates to a significantly higher error score for condition 3 (M =7.11;
SE = 0.56) relative to condition 4 (M = 1.09; SE = 0.50). This result partially addresses
RQ7 because it indicates that the 10 dB amplified condition (condition 4) was associated
with lower error scores (about 6 dB better loudness matching) than the unamplified
condition (condition 3) for both the PD and HC groups. The 3-way interaction results (see
below) also indicate some group by level differences in these amplification condition
effects.

It is important to note that the main effects for the group, loudness level, and
condition factors need to be evaluated relative to any potential interactions. The group by
condition interaction was not significant (¥ (1,28) = 0.63, p = 0.433, n?> = .022). The
group by loudness level was not significant (F (4,112) = 2.63, p = 0.079, > =.086). In
contrast, the condition by loudness level interaction was significant (¥ (4,112) = 6.39, p =

<0.001, n* =.186).

84



In order to illustrate this condition by loudness level interaction in more detail, a
post-hoc analysis related to the pairwise comparisons of condition differences at each
loudness level was performed. These post-hoc results are presented in Table 27. The post-
hoc analysis found a significant, condition 3 versus condition 4, difference in the error
scores at each of the 5 loudness levels with the condition 4 error score always having a
greater value than the condition 3 error score. The significant interaction is reflected in
the finding that the mean difference (Mdiff) between condition 3 versus condition 4
gradually decreased from the 60 dB loudness level (Mdiff = 6.81; SE = .35) to the 80 dB
loudness level (Mdiff = 5.24; SE = .38).

Table 27

Post-hoc results related to the comparison of the marginal mean error scores for Condition 3

(C3) versus Condition 4 (C4) at each of the 5 loudness matching levels

C3 — C4 difference

Condition 3 Condition 4
score t-test

Standard
Loudness Mean SE Mean  SE Mean error p value
Level difference .

difference
60 dB 1.06 52 -5.75 .52 6.81 35 <0.001*
65 dB 4.22 58 -2.00 .55 6.23 43 <0.001*
70 dB 7.29 .61 1.30 52 5.99 .39 <0.001*
75 dB 1043 .61 4.65 .54 5.78 43 <0.001*
80 dB 12.52 .67 7.27 53 5.24 38 <0.001*

Finally, the group by loudness level by condition interaction was significant (¥’
(4,112) =2.82, p=0.039, > = .092). This interaction is illustrated in Figure 13 and Table
28 which show that, for the HC group, the condition 3 versus condition 4 difference in

mean error scores decreases from the 60 dB to the 80 dB level (60 dB M = 6.84; 80 dB M
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=4.30). On the other hand, for the PD group, the condition 3 versus condition 4
difference in error scores remain about the same from the 60 dB to the 80 dB level (60 dB
M =6.78; 80 dB M = 6.19). In addition, the PD and HC groups appear to show a
condition difference during the 60 dB and 65 dB levels. In particular, the PD group
showed a greater shift from positive error scores to negative error scores during the 60 dB
and 65 dB levels than was seen for the HC group. This indicates that the amplification
condition caused the matching response to have higher intensity than the target during the
60 dB and 65 dB levels and that PD group had a higher intensity than the HC group
during these two levels. Thus, these results indicate that the amplification condition was
associated with 1) lower error scores (better loudness matching) in both groups, 2)
matching responses that were greater than the target intensity during levels 60 and 65 dB,
and 3) higher intensity matching responses for the PD group relative to the HC group

during the 60 dB and 65 dB levels.
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Table 28

Post-hoc results related to the comparison of the mean error scores for Condition 3 (C3) versus

Condition 4 (C4) at each of the 5 loudness matching levels for the PD group and HC group

C3 — C4 difference

PD Group Condition 3 Condition 4
score t-test
Standard
Loudness Mean SD Mean  SD Mean error p value
Level difference .
difference
60 dB -0.12  3.36 -6.91 345 6.78 .50 <.001*
65 dB 3.12 3.52 -3.21 3.75 6.34 .60 <.001*
70 dB 6.26 3.81 0.13 3.51 6.13 .55 <.001*
75 dB 9.60 345 3.61 3.44 5.99 .61 <.001*
80 dB 12.55 4.09 6.36 3.54 6.19 .54 <.001*
HC Group  Condition 3 Condition 4 C3 — C4 difference
score t-test
Loudness Mean Standard
Level Mean SD Mean  SD . error p value
difference .
difference
60 dB 2.25 2.19 -4.59 2.18 6.84 .50 <.001*
65 dB 5.32 2.72 -0.79 2.15 6.12 .60 <.001*
70 dB 8.32 2.83 2.47 2.04 5.85 .55 <.001*
75 dB 11.26 3.26 5.68 2.38 5.57 .61 <.001*
80 dB 12.48 3.19 8.18 2.09 4.30 .54 <.001*

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

3.10 Speech Loudness Matching Condition 4 versus 5 (RQ 9): Is there a difference

in the loudness matching of amplified projected (condition 4) versus amplified

unprojected (condition 5) self-vocalized speech in PD and HC groups?

The following section relates to a comparison of the results obtained for speech

loudness matching condition 4 versus condition 5 and addressed RQ9. Condition 4

examined loudness matching of amplified self-vocalized speech that was projected to a 2-

metre target. Condition 5 examined loudness matching of unprojected, self-vocalized, and
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amplified (+10 dB) speech. Both conditions involved the PD and HC participants and 5
loudness levels (60, 65, 70, 75 and 80 dB) of target speech stimuli. The statistical method
used to address this research question (RQ9) was the three-way repeated measures
ANOVA that involved a group factor with two levels (PD vs HC), a loudness level factor
with 5 levels (60, 65, 70, 75, and 80 dB), and a condition factor with 2 levels (condition 4
vs condition 5). The primary dependent (outcome) measure was the average error score
which was determined by subtracting the response speech intensity (dB SPL) from the
target speech intensity for each trial to obtain a per trial error score and then averaging
these scores for each loudness level. Thus, RQ9 examined if there were differences in the
error scores during the loudness matching of projected, amplified, and self-vocalized
speech (condition 4) versus unprojected, amplified, and self-vocalized speech (condition
5). In addition, this comparison of conditions was examined and compared in the PD and
HC groups to determine if there were group by condition differences (an interaction).
The descriptive statistics and average group results related to the 2 conditions and
the 5 loudness matching levels for both the PD and HC groups are shown in Table 29 and

Figure 14.
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Table 29

Descriptive statistics for the error scores related to the 2 conditions (4 and 5) and the 5 loudness

matching levels obtained for the PD and HC groups

Condition4  PD HC Total

i(e):fln ©s8 Mean SD Mean SD Mean  SD
60 dB -6.91 3.45 -4.59 2.18 -5.75 3.07
65 dB -3.22 3.75 -0.79 2.15 -2.01 3.25
70 dB 0.13 3.51 2.47 2.04 1.30 3.06
75 dB 3.61 3.44 5.69 2.39 4.65 3.09
80 dB 6.36 3.54 8.18 2.10 7.27 3.01
Condition5  PD HC Total

i(e):fln ©ss Mean SD Mean SD Mean  SD
60 dB -9.28 3.45 -6.24 4.21 =776 4.09
65 dB -6.27 3.15 -2.81 3.90 -4.54 3.90
70 dB -2.85 3.41 0.49 341 -1.18 3.75
75 dB 0.77 2.88 3.28 3.22 2.03 3.26
80 dB 3.65 3.07 6.05 3.03 4.85 3.24
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Figure 14
Mean error scores for the HC and PD groups obtained for the 5 loudness matching levels during

condition 4 and condition 5. Error bars represent one standard error above and below the mean
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The results of the three-way (condition by group by loudness level) ANOVA
indicated that there was a significant main effect of group (F (1,28) = 6.55, p = 0.016, n?
=.190) with PD participants having a significantly different marginal mean (M = -1.40;
SE =.71) to that of the control participants (M = 1.17; SE = .71). Additionally, there was
a significant main effect of the loudness level (F (4,112) = 879.01, p =< 0.001, n*> =.969).
A post-hoc analysis was used to examine the pairwise comparisons related to the 5
loudness levels. The results of these pairwise post-hoc comparisons are shown in Table
30. In general, a significant difference was found for each of the pairwise comparisons of
the loudness levels and this is reflected in the general pattern involving a gradual increase

in the error score as the loudness level increased from 60 to 80 dB.
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Table 30

Post-hoc results related to pairwise comparisons involving the marginal means for the 5 loudness

levels. These marginal means reflect a combination of the 2 conditions (4 and 5) and the 2 groups

Feedback Pairwise comparisons and p values
Conditions  \fean  gp 60dB 65dB 70dB 75dB 80 dB
60 dB 6758 557 -

65 dB 3275 536 <.001% -

70 dB 060 530 <.001% <.001% -

75 dB 3339 507 <.001% <.001% <.001% -

80 dB 6.061 498  <.001* <.001%* <.001% <.001% -

* = significant at p < 0.05 (Adjustment for multiple comparisons: Bonferroni)

There was a significant main effect of condition (F (1,28) = 31.07, p =< 0.001, n?
=.526). This effect relates to a significantly higher error score for condition 4 (M =1.093;
SE = 0.502) relative to condition 5 (M =-1.322; SE = 0.589).

It is important to note that the main effects for the group, loudness level, and
condition factors need to be evaluated relative to any potential interactions. The group by
loudness level interaction was not significant (¥ (4,112) = 1.06, p = 0.352, 1> = .037). The
group by condition interaction was not significant (¥ (1,28) = 0.764, p = 0.389, 1> =
.027). The group by loudness level by condition interaction was not significant (¥ (4,112)
=0.263, p = .811, 12 = .009). The condition by loudness level interaction was not
significant (F (4,112) = 0.905, p = .426, n?> =.031). Additionally, the group by loudness
level by condition interaction was not significant (¥ (4,112) = 0.263, p =0.811, 0> =
.009).

In summary, these results related to RQ9 found that there was a difference in the

loudness matching of amplified projected (condition 4) versus amplified unprojected
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(condition 5) self-vocalized speech in both the PD and HC groups. In particular, the
unprojected, amplified loudness matching condition (condition 5) was associated with a
lower error score than the error score that was found for the projected amplified condition
(condition 4). However, the sign of the error scores may need to be given consideration in
these RQ9 related results involving the 60 dB and 65 dB levels. For these two levels, the
error scores are negative for both groups. In addition, these negative error scores are
greater for condition 5 than the negative error scores found for condition 4. Thus, if the
sign of the error score is ignored (i.e., the absolute error scores were used) in the results
for the 60 dB and 65 dB levels, then the error score would be considered greater for
condition 5 than for condition 4. On the other hand, the absolute error scores obtained for
levels 70, 75 and 80 dB would be considered lower for condition 5 relative to condition 4.
This inconsistency in the error scores for the lower levels (60 dB & 65 dB) relative to the
higher levels (70, 75, 80 dB) may be related to the observation that the matching
responses were typically higher than the target intensity during the 60 and 65 dB levels

but they were typically lower than the target intensity during the 70, 75 and 80 dB levels.
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Chapter 4
4. Discussion
This chapter begins with an overview of the current study’s research questions,
followed by a detailed explanation of the findings with integration from the current
literature. Clinical implications, future research directions and limitations of the current
study will then be presented at the end of this chapter.
4.1 Overview
The current study aimed to evaluate loudness perception of external and self-produced
speech stimuli in IWPD and hypophonia. A series of five loudness matching conditions
were used to evaluate loudness perception in both IWPD and HC participants. The current
investigation provides new information about speech loudness perception in IWPD and
contributes to the current understanding of hypophonia, or reduced speech intensity in
PD. Based on previous studies that demonstrated abnormal perceptual ratings of speech
loudness in IWPD, it was predicted that IWPD would also demonstrate abnormal
responses in a perceptual study involving loudness matching procedures. It was also
predicted that IWPD would demonstrate an abnormal pattern of responses across five
different loudness matching levels and the five loudness matching conditions that were
examined in this study. As presented in chapter 1, the research questions of the current

study are the following:

RQI: Is there a difference between IWPD and HC participants in the loudness matching

of pre-recorded speech stimuli that is played back through a response audio monitor

(loudspeaker) that is at the same location as an audio monitor playing the target stimuli?
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RQ2: Is there a difference between IWPD and HC participants in the loudness matching
of pre-recorded speech stimuli that is played back through a response audio monitor
(loudspeaker) that must be projected from a location nearby the participant to a distant (2

metre) audio monitor playing the target stimuli?

RQ3: Is there a difference between IWPD and HC participants in the loudness matching
of self-vocalized speech in response to target speech stimuli presented via an audio

monitor that is located 2 metres from the participant (i.e., projected vocal response)?

RQ4: Is there a difference between IWPD and HC participants in the loudness matching
of amplified (+10 dB), self-vocalized speech in response to target speech stimuli
presented via an audio monitor that is located 2 metres from the participant (i.e.

projected, amplified, vocal response)?

RQS5: Is there a difference between IWPD and HC participants in the loudness matching
of amplified (+10 dB), self-vocalized speech that is output from a response audio monitor
(loudspeaker) that is at the same location as an audio monitor playing the target stimuli

(i.e. unprojected, amplified, vocal response)?

RQ6: Is there a difference in the loudness matching of speech stimuli played back from a

projected (near-participant) audio monitor versus an unprojected audio monitor at the

same location as the target in IWPD and control participants?
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RQ?7: Is there a difference in the loudness matching of speech stimuli played back via an

audio monitor versus via self-vocalized speech in IWPD and control participants?

RQ8: Is there a difference in the loudness matching of amplified (+10 dB) versus
unamplified self-vocalized speech that is projected to a distant (2 metre) target location in

IWPD and control participants?

RQY: Is there a difference in the loudness matching of amplified projected versus
amplified unprojected self-vocalized speech in IWPD and control participants?
4.2 Loudness matching of external speech stimuli

The following section will address RQ 1 and RQ 2, which investigated the loudness
matching of external speech stimuli.

4.2.1 Loudness matching of unprojected external speech stimuli

The first RQ of the present study investigated if there was a difference between
IWPD and HC participants in the loudness matching of pre-recorded speech stimuli that
was played back through a response audio monitor positioned at the same location as an
audio monitor playing the target stimuli. Thus, this loudness matching condition involved
unprojected external stimuli. Using a large volume control knob, participants were
instructed to match the loudness of an external speech stimulus to that of a target
stimulus. The results for this condition found that there was no significant main effect of
group with PD participants having a similar marginal mean to that of the HC participants.
In addition, the group by loudness level interaction was not significant. This indicates that
the loudness matching of external speech stimuli for both the PD and HC groups was

similar. Thus, there was no difference between IWPD and HC participants in the loudness
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matching of pre-recorded speech stimuli that was played back through a response audio
monitor that was at same location as the audio monitor playing the target stimuli.

As previously mentioned, it was hypothesized that the PD group would have a higher
error score than the HC group, due to previous literature finding evidence to support a
perceptual deficit, related to the perception of external stimuli, in IWPD (Adams et al.,
2010; Clark et al., 2014; Ho et al. 2000). A study by Clark et al. (2014) found that during
a magnitude estimation task involving the loudness rating of external speech stimuli, the
PD group rated loudness levels differently than that of the HC group. A similar study by
DeKeyser et al. (2016) obtained a similar result. Due to these previous findings
supporting a perceptual deficit for the perception of the loudness of external stimuli in
PD, it was expected that the PD group would have a lower loudness response intensity,
and a higher error score in comparison to the HC group. However, the findings of the
current study contrast with these previous studies with there being no significant
difference between the PD and HC groups related to the loudness matching responses for
targets involving (unprojected) external stimuli.

4.2.2 Loudness matching of projected external speech stimuli

The second RQ of the present study investigated if there was a difference between
IWPD and HC participants in the loudness matching of pre-recorded speech stimuli that
was played back through a response audio monitor that was at a location near the
participant and projected to the location of the target stimuli. Using a large volume control
knob, participants were instructed to match the loudness of an external speech stimulus to
that of a target stimulus. The results for this condition found that there was no significant
main effect of group with PD participants having a similar marginal mean to that of the

HC participants. In addition, the group by loudness level interaction was not significant.
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This indicates that the loudness matching of external speech stimuli for both the PD and
HC groups was similar. Thus, there was no difference between IWPD and HC participants
in the loudness matching of pre-recorded speech stimuli that was played back through a
response audio monitor that was projected from a location nearby the participant to a
distant (2 metre) audio monitor playing the target stimuli.

As discussed in the previous section, it was hypothesized that the PD group would
have a higher error score in comparison to the HC group, due to previous evidence
indicating a perceptual deficit related to the loudness perception of external stimuli in PD
(Adams et al., 2010; Clark et al., 2014; Ho et al. 2000; DeKeyser et al. 2016).
Additionally, it was hypothesized that inclusion of a projection requirement would further
increase the error scores for the PD group, based on previous literature that found PD do
not project their speech as effectively as HC due to an impairment in the perception of
projection distance (Ehgoetz Martens et al., 2013). However, the findings of the current
study contrast with these previous studies, as there was no significant difference between
PD and HC groups related to the loudness matching response for targets involving
projected external stimuli.

4.2.3 Summary of loudness matching of projected and unprojected external
speech stimuli
RQ 1 and RQ2 were intended to investigate the role of loudness perception of external
stimuli in hypophonia. As there were no significant findings between groups in either
condition, this does not appear to provide support for the hypothesis of a deficit in the
loudness perception of external speech stimuli having a causal role in the low speech
intensity or hypophonia in IWPD. However, it is possible that the loudness matching of

external speech stimuli may be insensitive to a loudness perception deficit. It is also
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possible that the processes involved in the loudness matching of external stimuli could
remain intact despite the presence of a loudness perception deficit. In this interpretation,
loudness matching processes would be considered separate and potentially dissociated
from processes involved in the estimation of loudness level. This potential separation of
loudness matching processes from loudness estimation processes needs to be verified in
future studies of hypophonia and PD. In particular, it may be useful to conduct a future
study that includes and compares both loudness matching conditions and loudness rating
conditions for the same external stimuli.

These findings are in contrast to those found by Clark et al. (2014) and De Keyser et
al. (2016) which also investigated perceptual deficits in IWPD and hypophonia. These
studies used a magnitude estimation/rating task in which participants were to assign
values to stimuli of various loudness levels. The contrast of results between the present
study to those of Clark et al. (2014) and De Keyser et al. (2016), may be due to the
difference in methods. Neither study used a loudness matching procedure, which may
potentially account for the differences seen between these previous studies and the
present study. In addition, there were across study differences in the task response
procedures. The previous loudness rating studies involved producing a simple vocal
motor response (saying a number that corresponds to the loudness rating) in response to a
loudness stimulus while the matching procedure used in the present study involved
producing a more complex manually controlled auditory-motor response to match the
loudness of the target stimulus.

The finding that IWPD may have the ability to accurately match loudness stimuli
despite having an impairment in the estimation of the loudness of external stimuli may

have important implications for the development of treatment procedures for hypophonia.
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Perhaps it would be possible to develop treatment procedures that take advantage of intact
loudness matching processes in the retraining (also referred to as re-calibration) of
abnormal loudness estimation processes in the treatment of hypophonia in PD.

The finding that there was no significant group difference in either the unprojected or
projected condition indicates that the IWPD showed loudness matching of external
stimuli that was comparable to the controls regardless of the speech projection (projected
versus unprojected) requirements in this study. This finding suggests that the loudness
matching of projected external stimuli may be intact in IWPD, and may be of potential
importance for the development of future treatment procedures for hypophonia. One
aspect of hypophonia that has been found to be abnormal is the speech intensity produced
by IWPD at different talker-to-listener distances or projection distances (Ho, lansek et al.
1999; Adams et al. 2010). IWPD have been found to have abnormally low speech
intensity across different projection distances. The facilitating effects of loudness
matching of projected external stimuli should be considered in improving hypophonia
across different projection distances.

4.3 Loudness matching of projected, self-vocalized speech

The following section will address RQ 3 which investigated the loudness matching of
self-vocalized speech.

The third RQ of the present study investigated if there is a difference between IWPD
and HC participants in the loudness matching of unamplified, self-vocalized speech that
is projected to the target stimuli. This involved an imitation task, in which the participant
was asked to match the loudness of a target sound by using their voice to attempt to

produce the same speech loudness.
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There was no significant main effect of group with PD participants having a similar
marginal mean to that of the HC participants. Thus, there was no difference between
IWPD and HC participants in the loudness matching of self-vocalized speech in response
to target speech stimuli presented via an audio monitor that was located 2 metres from the
participant. However, there was a significant group by loudness level interaction which
was related to an increasing difference between the PD and HC response error scores as
the imitation target shifted from 80 dB down to 60 dB. For the 80 dB imitation target the
PD and HC groups had response error scores that were not significantly different. As the
imitation target shifted from 75 dB to 60 dB the response error scores for the PD group
became progressively smaller (closer to the target) than those of the HC group. At the 60
dB target the error score for the PD group was significantly smaller than that of the HC
group. This progression from a similar group performance at the 80 dB target to a
significantly different group performance at the 60 dB target found in the present study is
the complete opposite of the results that were found in two previous imitation studies by
Clark et al. (2014) and DeKeyser et al. (2016). In both studies the difference between the
group performance progressively increased as the target imitation intensity increased to
80 dB. In addition, in the Clark et al. (2014) study all the 5 loudness imitation levels
were associated with the PD group having a lower response intensity than the control
group. In contrast, the present study found that for most (4/5) of the 5 loudness imitation
levels the PD group had a higher response intensity than the control group. Thus, the
present findings indicating that the PD group had more accurate intensity imitation and
higher imitation response intensity than the control group was unexpected and in
complete contrast to the two previous speech loudness imitation studies in PD. The

differences found from the aforementioned studies may be due to inconsistencies in study
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set-ups and the order of the study conditions. These differences will be discussed in more
detail in section 4.10.
4.4 Loudness matching of amplified and self-vocalized speech
The following section will address RQ 4 and RQ 5 which investigated the loudness
matching of amplified, self-vocalized speech.
4.4.1 Loudness matching of projected and amplified speech
The fourth RQ of the present study investigated if there is a difference between
IWPD and HC participants in the loudness matching of amplified, self-vocalized speech
that is projected to the target stimuli. This involved an imitation task, in which the
participant was asked to match the loudness of a target sound by using their self-vocalized
speech with a constant +10 dB amplification as the matching response.

There was a significant main effect of group with PD participants having a
significantly lower mean error score than that of the HC group. Thus, there is a difference
between IWPD and HC participants in the loudness matching of amplified (+10 dB), self-
vocalized speech in response to target speech stimuli presented via an audio monitor that
was located 2 metres from the participant. In particular, the PD group had a more
negative mean matching error score, and the HC group had a more positive mean error
score. Thus, the PD group showed greater intensity than the HC group during the
amplified speech loudness matching condition. More specifically, the PD group showed
greater intensity than the HC group at all of the loudness levels. However, this higher
intensity had different effects on the matching accuracy across the loudness levels. In
particular, the higher loudness levels (e.g. 70, 75 and 80 dB) were associated with
positive error scores for both groups but the PD group had lower error scores than the HC

group. Thus, for the higher loudness levels, the PD group appears to show more accurate
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loudness matching than the HC group. In contrast, the lower loudness levels (e.g. 60 and
65 dB) were associated with negative error scores for both groups, but the PD group had
more negative error scores than the HC group. Thus, for these lower loudness levels both
groups demonstrated a response intensity that was greater than the target intensity. This
reflects a response overshoot of the target, and this overshoot was greater for the PD
group than for the HC group. These group differences in the response intensity and
response accuracy that appear to be dependent on the low versus high target levels, need
to be further examined in future loudness matching studies of amplified self-vocalized
speech.

4.4.2 Loudness matching of unprojected and amplified speech

The fifth RQ of the present study investigated if there is a difference between IWPD
and HC participants in the loudness matching of amplified, self-vocalized speech that is
unprojected. This involved an imitation task, in which the participant was asked to match
the loudness of a target sound by using their self-vocalized speech with a constant +10 dB
amplification as the matching response. The amplified self-vocalized speech was played
through an audio monitor at the same 2-metre distance as the target stimulus, making it an
unprojected condition.

There was a significant main effect of group with PD participants having a
significantly smaller mean error score than that of the HC group. In particular, the PD
group had a more negative mean matching error score, whereas the HC group had a
positive, near zero mean error score, indicating the PD group used a higher response
intensity than that of the HC group. Thus, there is a difference between IWPD and HC

participants in the loudness matching of amplified (+10 dB), self-vocalized speech that
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was output through a response audio monitor that was at the same location as an audio
monitor playing the target stimuli.

4.4.3 Summary of loudness matching of amplified speech

Previous literature on the effect of amplification on one’s self-perception of speech is
lacking. As such, the amplification condition was intended to investigate the effort deficit
hypothesis in IWPD and hypophonia. It was hypothesized that if hypophonia was
associated with a deficit in the scaling and judgement of speaking effort, then the PD
group would be expected to perform similarly to the HC group during the amplification
conditions. This expectation was related to the notion that when speech was given a
constant boost of +10 dB of amplification, there would be a large reduction in the effort
level required to imitate the target loudness levels presented in the experiment. The
present study found that in both unprojected, and projected amplification conditions, the
PD group was significantly louder on average in comparison to the HC group. These
results provide support for the effort deficit hypothesis in IWPD and hypophonia. These
results are consistent with that of a study by Soloman and Robin (2005), in which they
investigated the perception of effort in IWPD. These researchers found that IWPD had an
abnormally higher perception of effort when compared to HC participants (Soloman and
Robin, 2005). In the current study, the PD group may have experienced a reduction in the
effort required during the amplified conditions, and this may have directly contributed to
their relatively higher speech intensity than the HC group. This finding of evidence
supporting the effort deficit hypothesis provides important information for effort-based
treatments such as LSVT. This popular behavioural treatment method uses phonatory
effort and self-monitoring to improve affected parameters of speech in PD such as

reduced loudness (Ramig et al., 2004). The present study’s findings contribute to the
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theoretical basis of this treatment and furthers the understanding of how to best design
and implement effort based treatments such as LSVT through the significant differences
found between external, self-generated and amplified speech loudness matching. Clinical
implications of effort-based treatment and the loudness matching procedure used in the
present study will be discussed further in section 4.11.
4.5 Comparison of loudness matching of projected versus unprojected external
speech stimuli

In RQ 6, the results of condition 1 were compared to the results of condition 2 via a
three-way ANOVA, to investigate any potential differences between the matching of
unprojected external speech stimuli (condition 1), and the matching of projected external
speech stimuli (condition 2). There was no significant main effect of group with PD
participants having a similar marginal mean to that of the control participants. However,
there was a significant main effect of condition, with the projected condition having a
significantly higher error score relative to the unprojected condition.

This result indicates that it was more difficult for both groups to accurately match
external loudness targets when the requirement of projecting the response was added to
the task conditions. It may be of potential importance, that the IWPD showed similar
loudness matching performance to that of the controls during the more difficult projected
response condition. This suggests that the processes involved in the projection of
manually controlled external stimuli appears to have been intact in these IWPD during
these loudness matching conditions. This result may have important implications related
to the projection estimation abilities in PD. This result seems to suggest that the processes

involved in the estimation and control of sound projection may be different from the
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processes involved in the projection of self-vocalized speech. This potential separation of
projection processes will be discussed in the section 4.8.
4.6 Comparison of external versus self-vocalized speech

In RQ 7, the loudness matching results for projected self-vocalized speech (condition
3) were compared to the results for projected external speech stimuli (condition 2) using a
three-way ANOVA. Results of the ANOVA revealed a significant condition effect,
indicating that the projected self-vocalized speech condition had a significantly greater
error score than the projected external speech stimuli. The ANOVA also found a
significant condition by loudness level interaction, indicating that as the loudness target
levels increased from 60 to 80 dB there was an increasing difference between the error
scores obtained for the 2 conditions. In particular, as the target loudness level increased
the error scores for the projected self-vocalized condition gradually became greater than
the error scores for the projected external stimuli. This greater increase in error scores for
the self-vocalized condition may be related to a relatively greater effort level required to
reach the higher intensity/loudness levels during self-vocalized speech relative to the
lower effort level needed for the externally produced speech.

The group by loudness level by condition 3-way interaction was also found to be
significant and indicated that for the higher loudness target levels (70, 75 and 80 dB) both
groups showed similar condition effects with the self-vocalized matching condition
showing greater error scores than the external speech matching condition. However, at the
lower loudness targets levels (60 and 65 dB) the group results diverged. At these lower
loudness levels, the HC group continued to show greater error scores for the self-

vocalized condition than the external speech condition. However, for these low loudness
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levels, the PD group showed the same error scores for the self-vocalized and external
stimuli conditions.

This indicates that for these low loudness levels the PD group showed matching
performance that was similar for self-generated speech and external speech stimuli. This
result would appear to support an effort explanation in findings for the PD group. In
particular, at the low target levels the effort level would be expected to be relatively low
for the self-vocalized condition and comparable to the effort level for the external stimuli
condition. As a result, the error scores would be expected to be similarly low for both
conditions during the low loudness targets. As the loudness levels increased there would
be expected to be an increase in the effort level for the self-vocalized condition but not
the external stimuli condition. This increase in effort would be expected to produce an
increase in the error scores for the self-vocalized condition relative to the external
condition in the PD group.

No previous studies have conducted a direct comparison of the perception of self-
vocalized speech loudness and external speech loudness in IWPD. In a study by Clark et
al. (2014), the perception of external and self-produced loudness levels was examined
separately using a ME task and an imitation task respectively. While not compared
statistically, an informal evaluation of the Clark et al. (2014) study appears to indicate
that, relative to their HC group, the PD group had a greater deficit in the self-vocalized
loudness perception task than was observed in the external speech loudness perception
task (Clark et al., 2014). Thus, these previous informal findings appear to generally
support the more formal statistical results observed in the present study and especially for
the higher loudness level targets (70, 75 and 80 dB). Regarding the lower loudness target

levels (60 and 65 dB), the Clark et al. (2014) study did not appear to show that IWPD had
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similar perceptual results for the self-vocalized and external speech perception tasks such
as was found in the present study. However, as mentioned previously, the Clark et al.
(2014) study did not do a formal statistical comparison of the two conditions.
Additionally, De Keyser et al. (2016) found that the PD group only differed from the HC
group during the higher loudness levels for both tasks (75 and 80 dB for the estimation
task, 80 dB for the imitation task). This contrasts with the findings of the current study in
which the HC and PD groups diverged at the lower loudness levels in the respective tasks.
4.7 Comparison of unamplified versus amplified self-vocalized speech

RQ 8 involved a comparison of the results of the matching of unamplified speech
condition (condition 3) and the results of the amplified speech condition (condition 4).
The purpose of this RQ was to investigate the hypothesis of an effort deficit in IWPD and
hypophonia. It was hypothesized that if IWPD performed better in the amplification
condition, then this would provide support for the effort deficit hypothesis as the
amplification was intended to reduce the effort requirement for loudness matching.

There was no significant main effect of group with PD participants having a similar
average loudness matching error score to that of the control participants. However, there
was a significant main effect of condition with the unamplified speech loudness matching
condition having a significantly higher error score relative to the amplified speech
loudness matching condition. Thus, there was a difference in the loudness matching of
amplified (+10 dB) versus unamplified self-vocalized speech that is projected to a distant
(2 metre) target location in IWPD and control participants, with the unamplified condition
having a higher error score compared to the amplified condition. Furthermore, lower
intensity levels (60 dB and 65 dB) had a negative mean error score, indicating that the

participants produced speech intensity responses with greater speech intensity than the
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target speech intensity for these lower loudness matching levels. Additionally, when
considering the groups respectively during these lower loudness levels, the PD group had
higher intensity matching responses relative to the HC group. Therefore, these results for
the PD group, showing improvement in loudness matching when amplification was
introduced and higher speech intensity than controls during some loudness levels, appears
to provide support for the effort deficit hypothesis in the hypophonia of PD.

As previously discussed, Soloman and Robin (2005) found evidence to support an
effort deficit in IWPD and hypophonia. It was suggested that IWPD may perceive effort
differently than HC and that this may influence speech intensity. In particular, it is
hypothesized that IWPD and hypophonia underestimate the effort that is required to
achieve the desired or required speech intensity level. The results related to RQ8 in the
present study appear to be consistent with the effort deficit results reported in the
Soloman and Robin (2005) study. As previously mentioned, the effort deficit hypothesis
is a key component of the LSVT program for the treatment of hypophonia. Thus, the
present results related to RQ8 appear to provide support for the current LSVT program.
The present results may have implications for the development of new treatments that
enhance or refine the effort-based aspects of the treatment procedures. One potential
direction for this refinement may involve the use of speech amplification procedures in
behavioural, effort-focused treatment programs for hypophonia.

4.8 Comparison of projected versus unprojected amplified self-vocalized speech
RQ 9 involved a comparison of the matching of projected amplified speech
condition (condition 4) and the unprojected amplified speech condition (condition 5). The

purpose of this RQ was to investigate the role of projection in IWPD and hypophonia.
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There was a significant main effect of group, with PD participants having a
significantly lower average loudness matching error score than the control participants.
This group effect was previously discussed in the sections related to RQ4 and RQS5. More
relevant to RQ9 was the finding that there was a significant main effect of condition. In
particular, the projected amplified speech loudness matching condition (condition 4) had
a significantly higher error score than the unprojected amplified speech matching
condition (condition 5). These findings along with those in section 4.5 both indicate that
there was an effect of the projection condition on the loudness matching performance
with the addition of the projection requirement causing an increase in error score for both
the matching of external speech loudness and the matching of self-vocalized speech
loudness. These results suggest that the introducing projection requirements into the
loudness matching paradigm reduces the accuracy of matching performance. One
potential explanation for this projection effect is that the addition of the projection
requirement makes the loudness matching task more cognitively demanding and that this
causes a decrease in performance accuracy. The increase in cognitive demand associated
with projection is assumed to be related to the additional cognitive requirements involved
in estimating the effect of distance on intended or predicted intensity. This perceptual-
motor estimation of intended intensity versus distance is part of the well described
interlocutor distance effect found in everyday communication (Healey et al. 1997).
Interestingly, there have not been any previous attempts to measure the cognitive
demands associated with the interlocuter distance effect. However, in the present study it
is proposed that the combined cognitive demands of the matching task and the projection
task may be responsible for the greater matching error score for the projected conditions

versus the unprojected conditions.
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The failure to find a significant 2-way or 3-way interaction related to RQ9 indicates
that the projection effect found in these amplified self-vocalized conditions was similar
across groups and loudness levels. The failure to find a group difference for the projection
effect is somewhat unexpected and in contrast to previous studies of interlocuter distance
effects on speech intensity in PD. Previous studies of interlocuter distance in PD have
found that IWPD consistently underestimate the appropriate speech intensity across
various interlocuter distances (Adams et al., 2010; Ho, lansek et al., 1999; McCaig et al.,
2015). One potentially important difference between these previous studies and the
current one relates to the participants’ intended speech intensity target or goal. In the
previous studies, the intended speech intensity target or goal was the participant’s internal
target of the speech intensity that was required to be heard by the listener. So, this
intensity target was determined by the participant. In the present loudness matching study,
the participant was provided with an external intensity target. Thus, the participant was
not required to estimate the target. So, in the present study the participant did not have to
determine if the target intensity was appropriate to the projection distance as was the case
in the previous interlocuter distance studies. Thus, these inconsistencies may be related to
differences in between loudness matching process versus loudness estimation processes.
As previously discussed, these processes are hypothesized to be separate and
differentially impaired in IWPD and hypophonia.

It should be noted that RQ9 explored the projection effect in the context of
amplified speech only. Future studies are required to explore the projection effect on
loudness matching in unamplified speech. However, it may be challenging to incorporate

a condition that involves unprojected self-vocalized speech. Perhaps the systematic

110



manipulation of projection distance and amplification level could be used to explore the
role of projection in effect in future studies of loudness perception in PD.
4.9 Enhanced loudness matching in PD

The results of the current study contrast the predicted outcome. It was predicted that
the PD group would consistently show a higher error score, or a lower intensity than the
target, across conditions when compared to the HC group. However, the PD group often
produced higher intensity responses than the HC group. Therefore, a more intense than
normal, or enhanced response was seen within this PD study group. The following
section will detail possible suggestions as to why this enhanced response occurred.

A study by Clark et al. (2014) investigated similar perceptual phenomena in IWPD
and hypophonia. A magnitude estimation task found that the PD group rated 60 dB and
65 dB as louder than the HC group but rated the 75 dB and 80 dB loudness levels as
quieter than the HC (Clark et al. 2014). These findings align with that of the current
study, in which a restricted loudness range was found in various conditions for the PD
group in comparison to the HC group. This restricted loudness range may contribute to
the decrease in error score for the PD group at the lower loudness level (60 dB and 65 dB)
as they are not perceiving, and therefore adjusting, their speech intensity to the intended
lower loudness target.

The results from the imitation task from Clark et al. (2014) contrast those of the
current study. It was found that the PD group had a lower speech intensity in comparison
to the HC group across all loudness conditions (Clark et al., 2014). In the current study,
the PD group often had a lower, or more negative error score in comparison to the HC
group, indicating that they often had higher intensity than the HC group. These

contrasting findings could be the result of a difference in the physical set up of the two
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studies. For example, the Clark et al. (2014) study used a similar set-up but with nearly
half of the projection distance that was used in the current study (120 cm distance vs. 200
cm distance). Thus, projection distance may have played a role in the across study
differences. This set up parameter could be systematically investigated in future studies.
The current study focused on the same speech stimulus “I owe you a yo-yo”, and this
sentence was continuously used across all study conditions. This may have reduced the
mental load of focusing on the content of conversation and allowed for more focus on the
loudness level being presented. As suggested by Ho, lansek et al. (1999), having more
focus on the content of the speech as would be seen in conversation, may result in a lesser
focus on intensity. Whereas in the current study, the majority of the focus would have
been on the loudness levels and this may have been easier to perceive. This is further
supported by a finding from De Keyser et al. (2016), which found that during
propositional, or spontaneous speech, a lower speech intensity was found in the PD group
in comparison to the HC group, where non propositional speech did not find this
difference. It was suggested by the authors that an automatic monitoring deficit may be
associated with PD (De Keyser et al., 2016). Therefore, future studies should investigate
the loudness matching of conversational speech in comparison of predictable speech. This
variation in the speech task could be considered as part of additional manipulations of the
cognitive demands of the loudness matching paradigm in future studies. A final
consideration related to an explanation for the enhanced loudness matching found for the
PD group during the self-vocalizing conditions relates to an order effect involving the
manually controlled external matching conditions preceding the self-vocalized matching
conditions. This potential order effect is also seen as an important limitation of the study

and will be discussed in the next section.
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4.10 Limitations to the current study

Potential limitations of this study include use of a constant condition order in all the
study sessions. The 2 conditions involving the loudness matching of external speech
stimuli using a volume control knob always preceded the loudness matching of self-
produced speech, and thus causes concern for an order effect biasing the results. As the
study started with a hand-based motor task to match the loudness levels, there is a
possibility of cross-system motor priming effect that occurred prior to the self-vocalized
conditions (i.e., limb system priming or enhancing the speech/vocal system). Two
previous studies involving concurrent limb and speech tasks have reported an enhancing
effect of the limb motor task on the speech intensity in IWPD and hypophonia (Adams et
al., 2010; McCaig et al., 2015). The Adams et al. (2015) study found that a concurrent
task involving the squeezing of a hand bulb to track a visual target caused an increase in
the speech intensity of a concurrent speech task. In the McCaig et al. (2015) study,
concurrent walking and talking caused an increase in speech intensity in IWPD and
hypophonia. The results of these two studies have been described as evidence of a
potential enhancing or energizing effect of certain limb tasks on speech intensity in PD
(McCaig et al., 2015). It should be noted that these previous studies involved concurrent
limb and speech tasks instead of a sequential limb task followed by a speech task, such as
occurred in the present study. Future studies are required to examine this sequential effect
of limb tasks on speech intensity in IWPD and hypophonia.

Future evidence for a potential enhancing effect of limb tasks on speech tasks could
emerge from the effects of combining limb treatment programs for hypokinesia in PD
(i.e., LSVT BIG) with speech treatment programs for hypophonia in PD (i.e., LSVT

LOUD) (Fox et al., 2012). Unfortunately, although the potential combinational effects of
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these well-established limb and speech treatments have been proposed, no evidence has
been published.

Previous literature suggests that IWPD have a deficit in feedforward mechanisms,
and thus heavily rely or over rely on feedback processes (Abur et al., 2018; Liu et al.,
2012). The loudness matching tasks used throughout the present study may have been
heavily weighted towards the evaluation of feedback processes rather than feedforward
processes. If the matching tasks are considered to have primarily focused on feedback
processes in loudness perception and production, and the IWPD were over-reliant on
feedback processes this may have led to enhanced performance by the PD group relative
to the control group. Thus, an over-reliance on feedback processes may have been
associated with higher intensity responses or more accurate matching responses by the
IWPD during the self-vocalized matching conditions. On the other hand, the manually
controlled external speech matching conditions would not be expected to demonstrate this
more accurate performance because the limb system of these PD participants may not be
biased toward an over-reliance on feedback when it involves the use of auditory stimuli
for an auditory-motor matching task. Thus, two potential explanations for the enhanced
matching performance during the self-vocalized conditions relate to a motor priming
effect that emerged from the order of the conditions or a possible over-reliance on and
enhancement of feedback processes by the PD group during the self-vocalized conditions.

An additional limitation of the present study may include the imbalance of male vs.
female participants in the PD vs. control groups. The PD group had slightly more male
participants (67% male) whereas the HC group was predominantly female (80% female).

Unfortunately, there is no evidence to indicate a sex effect on loudness perception and
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therefore this potential factor is inconclusive but may need to be examined in future
studies.

Another potential limitation of the study was the severity of hypophonia
demonstrated by the IWPD. It should be noted that all of the participants were identified
by their neurologist as having hypophonia. In addition, an informal acoustic analysis of
the conversational speech intensity found significantly lower speech intensity for the PD
group relative to the HC group. However, the hypophonia severity of the PD group in the
present study may have been milder than that of previous studies and this may have
played a role in the across study inconsistencies. While it is difficult to make accurate
comparisons of hypophonia severity across studies, an informal comparison of the present
study and the Clark et al., (2014) study indicated that the current PD group had slightly
less severe hypophonia.

Another factor that may need to be considered is the effect of the laboratory context
or setting. In particular, the laboratory setting may have caused an overcompensation in
speech intensity in the PD group. As the study had a large focus on loudness of speech,
this may have caused PD participants to overcompensate their responses. Naturally, the
PD group would have more experience in focusing on their loudness levels because of
frequent requests from conversation partners to repeat themselves, and therefore may
have had a heavier focus on increasing speech volume in comparison to the HC group,
who likely focused very little on their speech volume in day-to-day life. In addition, the
IWPD may have had concerns about their hypophonia, and this may have motivated them
to demonstrate increased speech intensity (overcompensate for their hypophonia) during a
research study that was clearly focused on the evaluation of hypophonia and self-loudness

perception. It should be noted that previous studies conducted in the same lab setting have
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never been associated with a PD group showing significantly higher speech intensity than
a control group. In fact, such a result has never been reported in a previous publication
related to speech intensity in PD. In addition, it should be noted that following a brief
search of the published studies in PD, only a few studies have ever reported better
performance by a PD group relative to a control group. One example of this very rare
occurrence relates to a study of creativity in PD. This study by Faust-Socher et al., (2014)
found that a PD group demonstrated enhanced verbal and visual creativity as compared to
neurologically healthy controls. Unfortunately, it is difficult to draw a connection
between the enhanced creativity results of this previous study and the enhanced loudness
matching results of the present study. However, both studies may be important because of
the rarity of observing better performance by a PD group relative to a control group.

An additional consideration of the current study is the stimulus used “I owe you a
yo-yo”. This sentence was chosen as the study stimulus because it can be continuously
voiced for the duration of the utterance, so that there would be expected to be no voice
breaks. The absence of voice breaks was intended to reduce the within utterance
variability in intensity and was therefore also assumed to result in a more accurate
measurement of response intensity and the related matching error score. However, other
potential sources of variability were possible and may have influenced the results. One
potential source of variability is a downward or upward drift in intensity across the
response utterance. A downward drift or declination in intensity can often be seen in the
typical speech of healthy controls and has been reported to be excessive in IWPD in some
previous studies (Rosen et al., 2005). An upward drift in response intensity is also
possible in the loudness matching paradigm as part of the participant’s dynamic attempts

to achieve the desired response intensity. For example, if the participant produced the first

116



words of the utterance at an intensity below their intended response and then increased
their intensity towards the end of the utterance, the result would be an upward drift in
intensity. Of course, other patterns of intensity variability are also possible. In the present
study, the primary outcome measure focused on the mean intensity of the utterance and
therefore the potential effect intensity variability on the loudness matching results was not
examined. It is recommended that future studies consider examing these potential
utterance variability effects on loudness matching performance. In addition, future
studies could evaluate the effect of different phonetic components (e.g. voiced versus
voiceless phonemes) in the target sentence on the accuracy of the loudness matching
results.

4.11 Clinical implications

The current study provides more information regarding the mechanisms behind
loudness perception in IWPD and hypophonia. Additionally, a potential implication for
treatment enhancement may have been identified through the constant order of the
experimental conditions. The use of hand-based motor priming could provide an
enhancement to existing loudness treatments, such as LSVT, and should continue to be
studied in the future. For example, the potential enhancing effects of sequentially or
concurrently combining LSVT BIG with LSVT LOUD treatments should be examined in
future clinical studies.

Additionally, the results of the present study provide support for the previously
described effort deficit in IWPD and hypophonia and appear to provide support for effort-
based treatments such as LSVT. The present study also suggests that speech amplification
procedures should be considered in the development of future treatment procedures

focused on enhancing the treatment of the effort deficits in IWPD and hypophonia.
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4.12 Future research directions

Several future research directions have been mentioned at earlier points in this
discussion chapter. The most important direction is judged to be the replication of the
results that found that the PD group had more accurate performance than the HC group
during the self-vocalized loudness matching conditions. During such a replication study,
the effect of the order of the experimental conditions would need to be systematically
evaluated to determine if the condition order influenced the results of the current study. If
an order effect was found, then the nature of this order effect would need to be explored
in future studies. In particular, the potential order effect of having a manual (limb motor)
task influence a subsequent speech loudness/intensity task would need to be
systematically explored.

As previously mentioned, the present study results provide support for the
previously described effort deficit in IWPD and hypophonia and appears to provide
support for effort-based treatments such as LSVT. The present study also suggest that
speech amplification procedures should be considered in the development of future
treatment procedures focused on enhancing the treatment of the effort deficits in IWPD
and hypophonia.

The results of the present study indicate that introducing a requirement to project
speech to a distant target influenced the accurate perception of the loudness of external
speech and self-vocalized speech. Thus, future studies are needed to systematically
explore the effects of projection and the effects of different projection distances on speech
loudness perception in PD. Given that the introduction of projection requirements can be
seen as a potential increase in cognitive demands during loudness matching procedures, it

may be important to examine the effects of other cognitive demands on loudness match
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procedures. One such variation in cognitive demands might involve the use of more, or
less, cognitively demanding speech tasks, such as the loudness matching of
conversational speech versus the loudness matching of a single memorized sentence.
An additional future direction could include determining the effects of hypophonia
severity on loudness perception and the loudness matching of external and self-vocalized
speech. As previously discussed, the severity of hypophonia for the PD participants in
this study was relatively mild. Future studies may replicate the current methodology,
including only participants with severe hypophonia and compare the results to the current
study.
4.13 Summary and conclusion

This study used several speech loudness matching conditions to evaluate loudness
perception in IWPD and hypophonia. Previous loudness scaling research provided
support for a loudness perception deficit in PD. Based on this previous work, the PD
group was predicted to demonstrate greater loudness matching error scores than the HC
group. For most of the loudness matching conditions, the PD group did not demonstrate
the predicted deficit in loudness matching. In some loudness matching conditions, the PD
group had lower (more accurate) error scores than the HC group. More specifically, for
most of the loudness matching conditions involving self-vocalized (imitation) responses,
the PD group had significantly lower error scores than the HC group. This result is
inconsistent with previous studies of speech loudness imitation in PD. In addition, the
finding that a PD group had better performance than a HC group is judged to be unique in
the field of speech perception and production. Factors that may have influenced this result
include the ordering of experimental conditions, the facilitating effect of a preceding limb

motor task, hypophonia symptom severity, and PD-related enhancement of feedback
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processes. Future studies are required to replicate and further examine these speech
loudness matching results in IWPD and hypophonia.

In addition to group effects, the present study also found condition effects related to
variations in the projection distance of loudness matching responses and variations in the
amplification of self-vocalized speech matching responses. More specifically, increases in
projection distance were associated with significantly greater loudness matching error
scores and the introduction of speech amplification was associated with a reduction in
loudness matching error scores in both the PD and HC groups. The improvement in
loudness matching error score associated with speech amplification appears to provide
support for an effort deficit hypothesis in the hypophonia of PD. It is recommended that
amplification procedures be considered in future loudness perception studies and that
amplification procedures be considered in future attempts to develop new treatment

programs for hypophonia in PD.
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