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A  B  S  T  R  A  C T

Purpose: The primary purpose of this study was to evaluate the effect of three 
different types of speech amplification devices on spontaneous speech intelligibility 
of people with hypophonia secondary to Parkinson’s disease or parkinsonism. 
Method: Twenty-one individuals with hypophonia described pictures aloud to 
their primary communication partner in four device and two noise conditions. 
Device conditions included no device, a portable wired speech amplifier, a wireless 
stationary amplifier, and a one-way personal communication system. Noise condi-
tions included quiet and 65-dB multitalker background noise. Speech intelligibility 
was evaluated from the perspective of two listener groups, familiar communication 
partners and naive listeners, as a function of device type and noise. 
Results: Overall, all three devices were associated with improved intelligibility, espe-
cially in noise and for longer utterances for both listener groups. Intelligibility was 
highest for the personal communication system and lowest for the portable wired 
amplifier. These results for spontaneous speech patterned similarly to those for read 
sentences reported for these same talkers and listeners in Knowles et al. (2020). 
Conclusions: Speech amplification devices demonstrate measurable improve-
ments in intelligibility of spontaneous speech in individuals with hypophonia. 
Findings add to a growing body of evidence of the potential effectiveness of 
speech amplification as a management tool for hypophonia. 
Supplemental Material: https://doi.org/10.23641/asha.31834960 

Hypophonia, characterized by reduced vocal loudness, 
is an early and common symptom of Parkinson’s  disease  
(PD; Adams & Dykstra, 2009; Kempler & Van Lancker, 
2002). This condition manifests as a reduction in speech 
intensity of 2–5 dB SPL compared to neurologically healthy 
elderly individuals, resulting in a perceived loudness 
decrease of approximately 40% (Adams & Dykstra, 2009; 
Fox & Ramig, 1997). The decrease in loudness may stem 
from a sensorimotor deficit that affects self-perceived volume 
(Adams & Dykstra, 2009; Clark et al., 2014; Ho et al., 
2000) and decreased vocal fold adduction force, leading t o

inadequate subglottal pressure (Duffy, 2019). Additionally, 
changes to speech breathing in PD suggest that the rigidity of 
respiratory muscles and overall muscle stiffness may further 
hinder the ability to generate adequate breath support, exacer-
bating vocal loudness difficulties (Huber et al., 2003; Huber & 
Darling, 2011; Reyes et al., 2020; Solomon & Hixon, 1993). 

The vocal characteristics of hypophonia, which is 
estimated to be present in more than half of all people 
with PD (Logemann et al., 1978), is one set of symptoms 
in a broader cluster of speech symptoms in PD known as 
hypokinetic dysarthria (Darley et al., 1969b). Additional 
speech features of hypokinetic dysarthria include rate abnor-
malities, repeated phonemes, monopitch and monoloudness, 
and articulatory imprecision (Darley et al., 1969a). Hypokinetic 
dysarthria and hypophonia are also present in atypical
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Parkinsonism conditions, such as progressive supranuclear 
palsy and multiple system atrophy (MSA). While many of 
the communication challenges in atypical and idiopathic 
Parkinsonism, hereafter referred to as PD(+), are similar, 
speech features do tend to differ in systematic ways as well 
(Huh et al., 2015; Kowalska-Taczanowska et al., 2020; 
Rusz et al., 2015). For instance, people with atypical 
Parkinsonism often experience more severe speech symp-
toms consistent with mixed dysarthria, characterized by a 
combination of hypokinetic, ataxic, and/or spastic features 
(Kowalska-Taczanowska et al., 2020; Rusz et al., 2015; 
Sachin et al., 2008). 

Speech and voice challenges can significantly impact 
the quality of life for individuals with PD(+). Communi-
cation difficulties, altered self-perception, and challenges 
in compensating for speech deficiencies, particularly loud-
ness, often lead to social withdrawal, reduced quality of 
life (Miller et al., 2006), and lower levels of communica-
tive participation (Dykstra et al., 2015; McAuliffe et al., 
2017). The gold standard approach for managing hypo-
phonia is intensive behavioral speech therapy targeting 
vocal loudness (Behrman et al., 2020; Ramig et al., 2004). 
While this behavioral approach is beneficial for many 
individuals with PD, two prominent considerations limit 
its effectiveness. First, individuals with PD(+) often struggle 
to integrate learned strategies into their daily communication 
due to deficits underlying sensorimotor integration, cogni-
tion, and motor learning (Adams & Dykstra, 2009; Olson 
et al., 2019; Scott & Caird, 1983). Cognitive decline, particu-
larly in executive functioning, may further hinder the ability 
to apply learned communication strategies in real-life settings 
(Goldman & Litvan, 2011; Obeso et al., 2011). Second, chal-
lenges related to disease progression may make continued 
integration of speech therapy and/or strategies difficult. This 
may especially be the case for individuals with more cogni-
tive involvement and/or a more rapid or severe symptom 
progression as is often observed in atypical Parkinsonism 
(Gates, Knowles, Mach, & Higginbotham, 2024). Fatigue, a 
common nonmotor symptom in PD, can also limit sustained 
engagement with these learned strategies, particularly later in 
the day and over time as fatigue worsens (Friedman et al., 
2011). Furthermore, even individuals who are successfully 
and consistently able to use increased vocal loudness follow-
ing behavioral therapeutic intervention may struggle in more 
adverse communicative environments, such as in the pres-
ence of noise (Dykstra et al., 2015). Additionally, family 
members often take on the increasing burden of managing 
communication as the disease progresses, a challenge that 
can be exacerbated by the patient’s cognitive decline and 
inconsistent use of strategies. This shift in responsibility can 
lead to frustration and strained relationships, highlighting 
the need for family-centered interventions in speech-language 
pathology (Baylor et al., 2024). 

Speech Amplification Devices 

Speech amplification devices are a form of augmenta-
tive communication devices that an individual can wear to 
increase the audibility of their speech in the absence of (or in 
addition to) behavioral adjustments (Andreetta et al., 2016; 
Gates, Knowles, Mach, & Higginbotham, 2024; Gates, 
Knowles, Mach, Higginbotham, & Holder, 2024; Greene 
et al., 1972; Knowles et al., 2020; Page et al., 2023). An aug-
mentative approach to managing the reduced loudness of 
hypophonia offers an option for reprieve to those individuals 
who have difficulty managing their symptoms with behav-
ioral therapy alone. Speech amplification devices can broadly 
be classified into two types: voice amplifiers and one-way 
communication systems (see Knowles et al., 2020, and Page 
et al., 2023, for reviews). Voice amplifiers may be portable 
or stationary. Portable devices typically include a micro-
phone and small amplifier worn by a talker around the 
waist, neck, or clipped to clothing; an example of this type 
is the ChatterVox amplifier (ChatterVox). Stationary devices 
typically consist of a microphone and transmitter worn by a 
talker that transmits the speech signal wirelessly to a larger 
amplifier positioned in a given location, such as the 
BoomVox (Griffin Laboratories). Finally, personal com-
munication systems include a microphone and transmitter 
worn by a talker that transmits wirelessly to a receiver 
and headphones worn by a listener, such as the Easy Lis-
tener (Phonic Ear). While, traditionally, personal commu-
nication systems are designed to be used by individuals 
with hearing loss wearing the transmitter (Harkins & 
Tucker, 2007; Laplante-Lévesque et al., 2010), we have 
shown their potential use by talkers with hypophonia 
(HP) transmitting to a communication partner (Knowles 
et al., 2020; Page et al., 2023). 

The present work builds on a previous study evalu-
ating these three types of amplification devices in a cohort 
of individuals with hypophonia secondary to PD or atyp-
ical Parkinsonism (Knowles et al., 2020; Page et al., 
2023). Knowles et al. (2020) compared three amplification 
devices worn by 22 individuals with hypophonia. Individ-
uals read aloud sentences from the Sentence Intelligibility 
Test (SIT; Yorkston et al., 1996) to a communication 
partner seated 2 m away in a quiet and noisy environment. 
Utterances were also played to a group of naive listeners 
(NLs). All devices were associated with greater speech-to-
noise ratios and sentence intelligibility for both listener 
groups. The personal communication system performed 
best, followed by the stationary amplifier and then the por-
table amplifier. These differences, however, were greatest in 
the presence of noise and for NLs. Page et al. (2023) fur-
ther found that all three types of amplification devices were 
associated with improvements in communicative effective-
ness and communicative participation relative to baseline.
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As part of a larger study, the participants reported 
by Knowles and colleagues (Knowles et al., 2020; Page 
et al., 2023) also described a series of images to their part-
ners while trialing the amplification devices, resulting in 
spontaneously produced utterances. The present study reports 
on this spontaneous speech task to determine whether 
amplification devices also provide the benefit to intellig-
ibility identified in Knowles et al. (2020) in more natural-
istic speaking contexts. 

Intelligibility Differences Across Structured 
and Unstructured Speech Tasks 

Several studies have demonstrated a relative increase 
in speech intelligibility of structured read material com-
pared to spontaneous speech in talkers with PD (Johansson 
et al., 2022; Kempler & Van Lancker, 2002; Kent, 1996; 
Weismer, 1984; Yorkston & Beukelman, 1981). Reading 
material provides an external structure and cue that limits 
attentional demands during speaking. This may be particu-
larly important for talkers with PD, who generally exhibit 
greater impairment on internally cued, self-generated move-
ments compared to those that are externally cued in non-
speech (Cunnington et al., 1999; Georgiou et al., 1994) and 
speech tasks (Ho et al., 1999; Weir-Mayta et al., 2017). 
While read speech offers an external cue in the form of a 
written visual, spontaneous speech generally does not. 
Spontaneous speech in PD has been elicited via mono-
logues (e.g., Tjaden & Wilding, 2011), structured conversa-
tions (Kempler & Van Lancker, 2002), and picture descrip-
tion (Johansson et al., 2022). 

While most studies exploring speech task differences 
have reported greater intelligibility of read material, this 
finding is not universal. Tjaden and Wilding (2011) found 
no differences in intelligibility for paragraph reading and 
a spoken monologue for 12 individuals with PD. Bunton 
and Keintz (2008) similarly found that word and sen-
tence reading was not significantly different from spoken 
monologues, though covertly recorded conversational 
samples were less intelligible than any of the controlled 
samples. Compared to fully unstructured spontaneous 
speech tasks such as monologues, picture description 
tasks offer a middle ground, in which a person may pro-
duce self-generated spontaneous speech but with some 
external support provided by the image they are describ-
ing. Picture description tasks also allow for more control 
of spoken content than open-ended monologues, while 
maintaining some of the authenticity of conversational 
speech (Kent & Kim, 2010). There may therefore be a 
trade-off in naturalness and cognitive demand that impact 
functional outcomes such as intelligibility in different set-
tings and for different speakers. 

Intelligibility Differences Driven by 
the Listener 

Familiar Versus Unfamiliar Listeners 
Speech intelligibility necessarily encompasses factors 

driven by both the speaker and the listener. Generally, the 
more familiar a person is with the speech they are hearing, 
the more accurate they are in understanding it; this is this 
case when listening to talkers with dysarthria (Borrie 
et al., 2017, 2018; Borrie & Lansford, 2021; Borrie, McAu-
liffe, & Liss, 2012; Hirsch et al., 2021; Liss et al., 2002; 
Spitzer et al., 2000), as well as when listening to speech that 
is “familiar” in other ways, such as accent or regional dia-
lect (e.g., Adank et al., 2009; Baese-Berk et al., 2020; Bent 
& Baese-Berk, 2021, among others). A “familiar listener” 
can be defined either as someone familiar with the speech 
itself, that is, through prior exposure to the speech audio 
signal or similar speech patterns, or as a person familiar 
with the speaker, such as a family member or friend. Con-
versely, listeners who are unfamiliar, either with the talker 
in question or with the speech symptoms themselves, are 
often  referred  to  as  “naive” listen ers.

Listeners can be familiarized with the dysarthric 
speech they are trying to understand, resulting in improve-
ments in intelligibility compared to unfamiliarized listeners 
(Borrie & Lansford, 2021; Borrie, McAuliffe, & Liss, 
2012). Such findings have led to the development of lis-
tener familiarization training as a communication partner– 
driven method of improving intelligibility (Lansford et al., 
2018). This improvement can also generalize to new 
speakers (Borrie et al., 2017; Hirsch et al., 2021) but is 
not consistent across all dysarthria types (Borrie et al., 
2018). Improvements have been more consistently docu-
mented for listener familiarization of more predictable 
degraded speech patterns, such as in speakers with hypoki-
netic dysarthria (Borrie, McAuliffe, Liss, O’Beirne, & 
Anderson, 2012; Borrie, McAuliffe, Liss, Kirk, O’Beirne, 
& Anderson, 2012; Borrie et al., 2013; Liss et al., 2002; 
Spitzer et al., 2000), compared to less predictable speech 
patterns such as in hyperkinetic dysarthria (Borrie et al., 
2018; Lansford et al., 2019, 2020). While little empirical 
evidence exists on familiar listeners that are known partners 
of adult talkers (e.g., a spouse), data from parents listening 
to their children, compared to unfamiliar listeners, suggest 
there is a benefit to knowing the speaker (Flipsen, 1995). 

The degree to which listener familiarity with a given 
talker does (or does not) facilitate listener intelligibility is 
of particular importance for an older adult population, as 
older adults have more difficulty understanding speech, 
especially in noisy listening environments, compared to 
younger adults (e.g., Schneider et al., 2000; Tun et al., 2002). 
Furthermore, age-related differences have been shown to be 
driven by different cognitive mechanisms present in aging,
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not simply age-related hearing changes (Ingvalson et al., 
2017; Lansford et al., 2018). All these factors likely interact 
with any benefit of being familiar with the talker them-
selves, however. The extent to which a known partner’s 
familiarity of a talker with hypophonia impacts intelligibil-
ity remains an open question. This is of particular clinical 
importance when providing recommendations designed to 
support communication. 

Summary and Purpose of the Present Study 

The present study extends the findings of Knowles 
et al. (2020) to evaluate the performance of three amplifi-
cation devices on spontaneous speech, elicited via a pic-
ture description task with a communication partner, in 
HP secondary to PD(+). Here, we ask the following ques-
tion: How does spontaneous speech intelligibility (elicited 
from a picture description task) differ across three amplifi-
cation devices in quiet and in noise for familiar communi-
cation partners and unfamiliar NLs? We predict that all 
amplification devices will result in better intelligibility than 
no device and that the personal communication system 
will outperform the other devices. We also predict that 
intelligibility will be worse overall in the presence of noise, 
but the magnitude will differ across devices. These predic-
tions are driven by the patterns reported in Knowles et al. 
(2020), which reported on these same talkers and listeners 
during a sentence reading task. 

Method 

The Human Subjects Research Ethics Board at 
Western University approved this study (Approval Num-
ber 106169). Participants provided written consent at the 
beginning of the study. 

Participants 

Three participant groups were included: HP, primary 
communication partners (PCPs) of the HP participants 
who served as familiar listeners, and NLs. The HP talker 
group consisted of 22 individuals with hypophonia second-
ary to PD (n = 20; 16 men, four women) or atypical Par-
kinsonism (n = 2 men). Atypical Parkinsonism manifested 
as MSA-predominant cerebellar ataxia (HP17) and suspected 
MSA-predominant Parkinsonism (HP19). Inclusion criteria 
for the HP participants included a neurological diagnosis 
of PD or Parkinsonism at least 6 months prior; the pres-
ence of hypophonia (as judged by an experienced speech-
language pathologist, S.A.); at least 50 years of age; and 
no other history of other neurological, voice, or health dis-
orders. Eight participants had deep brain stimulation of 
the subthalamic nucleus. All but one participant (HP13) 

were stabilized on anti-Parkinsonian medication and/or 
deep brain stimulation settings. Eight participants had pre-
viously received speech therapy. All participants presented 
with moderate-to-severe hypophonia as their predominant 
speech symptom, though all presented with other mild– 
moderate dysarthria symptoms consistent with hypokinetic 
dysarthria as well. Severity was judged by an experienced 
speech-language pathologist (S.A.) at the time of intake 
based on speech produced during conversation and baseline 
speech tasks. Hearing and cognitive status were screened 
but not exclusionary. Eight participants passed a 40–dB 
HL screening at 500, 1000, 2000, and 4000 Hz in both ears, 
while the remainder failed at one or more frequencies (hear-
ing screening results were unavailable for four participants). 
Cognition was assessed using the Montreal Cognitive Assess-
ment (Nasreddine et al., 2005), with nine participants 
receiving a score of < 21, the recommended cutoff for PD 
dementia (Dalrymple-Alford et al., 2010). One HP partici-
pant did not participate in the picture description task 
because they had vision difficulties on the day of testing; 
they were subsequently dropped from the picture descrip-
tion analyses presented here (HP10). Unified Parkinson’s 
Disease Rating Scale scores for Part III (motor examina-
tion) were provided by a movement disorders specialist and 
neurologist (M.J.). Participant demographics for the HP 
group appear in Table 1. 

Each HP participant was accompanied to the study 
by someone they determined to be a PCP who was, in most 
cases, a spouse. Five PCP participants failed the hearing 
screening for at least one frequency, two wore hearing aids, 
and hearing status was unavailable for two. There were no 
exclusion criteria for PCP participants, as the goal was to 
assess speech intelligibility from the perspective of a listener 
who commonly interacted with the HP participant. 

Four NLs (two men and two women, aged 23–29 years) 
unfamiliar with the talkers were recruited to listen to and 
transcribe the recorded utterances. All were native speakers of 
English who passed a 25–dB HL hearing screening in both 
ears and reported no history of speech, language, hearing, or 
neurological concerns. These listeners were graduate students 
in speech-language pathology or audiology, as reported 
by Knowles et al. (2020), but otherwise reported limited 
exposure to hypophonic speech. Listeners may not be con-
sidered truly “naive” compared to, for example, students in 
an unrelated profession, but they are referred to as such for 
simplicity. These NLs also heard recordings from a sen-
tence reading task reported in Knowles et al. (2020) in a 
separate listening block on different days. 

Devices 

Devices are the same as those presented in Knowles 
et al. (2020) and Page et al. (2023). The no device (ND)
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condition was elicited first. Device A was a portable, wired, 
belt-pack–worn amplification device (ChatterVox, 5 W 
[ChatterVox]; herein referred to as the portable ampli-
fier). Device B was a stationary wireless amplifier (Nady 
WA120-BT, 20 W [Nady Systems]; similar to the BoomVox 
[Griffin Laboratories]; herein referred to as the stationary 
amplifier). Device C was a personal communication sys-
tem (Nady 351VR [Nady Systems], similar to the Easy 
Listener [Phonic Ear]). For the personal communication 
system condition, the PCP participant wore headphones 
attached to the Device C receiver. The amplifier for Device 
A was positioned on the HP participant’s lap, and that for 
Device B was placed next to the HP participant’s  chair.

Conditions and Speech Task 

Four device, two noise, and two task conditions 
were included. Device conditions included ND and each 
of the three devices. Two noise conditions included quiet 
(“no noise”) and multitalker noise (Auditec Four Talker 
Noise [Auditec, Inc]; “noise”) produced at 65 dB SPL. 
Noise was produced from two loudspeakers situated on a 
countertop at the same height as the tabletop microphone 
and positioned at a 2-m distance from the HP and PCP 
participants, respectively. The 65–dB SPL noise level was 
chosen to mimic standard background noise levels in busy 
public settings such as a restaurant (To & Chung, 2014). 
Noise levels were calibrated using a sound-level meter (dbA, 
slow setting) at the position of the recording microphone. 

Spontaneous speech was elicited via a picture descrip-
tion task that involved the talker describing an illustrated 
picture scene to their partner one sentence at a time. Pic-
tures were one of eight images, presented randomly across 
conditions. Pictures were selected to include detailed, engag-
ing scenes that would elicit a broad range of descriptions. 
They included detailed illustrations of people involved in 
scenes that would lead most observers to imagine storylines 
about past and future events in the scenes. For example, 
several pictures involved copies of illustrations by the well-
known artist, Norman Rockwell. Detailed, rather than sim-
plistic, images were chosen in order to make the description 
task more natural and lead to more varied descriptions. 
This task is thus different in nature compared to highly 
controlled picture description tasks that are designed to 
elicit specific words and phrases. 

The PCP participant’s role was to repeat back each 
utterance their partner said to the best of their ability. To 
facilitate this, speaker participants were instructed to 
describe the picture in front of them one brief phrase or 
sentence at a time and then pause, at which point the PCP 
repeated back as much as possible of what they had 
heard. HP participants were encouraged to describe the pic-
ture itself but also talk more freely about what it reminded 

them of or anything else that came to mind. In this way, the 
pictures elicited a broad range of conversational topics and 
varied substantially across participants. The PCP was not 
shown the images their partner was describing until the end. 

Protocol 

HP and PCP participants were seated 2 m apart, 
facing each other. HP participants wore an AKG C520 
headset condenser microphone positioned 6 cm from the 
upper corner of their lips in addition to the amplification 
device headset microphones. A tabletop Shure SM48 micro-
phone was positioned on a table at a 2-m distance from the 
talker, directly to the right of the PCP participant but 
angled toward the HP participant and level with their head. 
Audio inputs were recorded for the headset microphone; the 
tabletop microphone; and, for the personal communication 
system (Device C), the audio from a secondary receiver on 
the same channel. Audio recording gain levels were consis-
tently set for all participants. The PCP participant addition-
ally wore a lavalier microphone connected to a mobile 
recorder to record their responses. PCP participants could 
see their partner’s face but were unable to see the sentences 
or pictures. This setup, in which the HP and PCP partici-
pants were seated across from each other, was chosen to 
preserve the naturalness of a spoken in-person interaction 
and provide ecological validity. PCP participants thus could 
see the mouth of the HP participant while speaking (but 
could not see the pictures), and the HP participant heard 
the PCP’s repetitions. 

Conditions were blocked by device, noise, and task. 
The ND condition was elicited first, followed by each of 
the three device conditions that were counterbalanced across 
participants. Within each device condition, the quiet con-
dition was elicited before noise, and the sentence readings 
(reported in Knowles et al., 2020) were elicited before the 
picture description. New sentences and pictures were pre-
sented in each of the eight device–noise conditions. 

Intelligibility of Spontaneous Speech 

Spontaneous speech intelligibility scores derived from 
the picture description task were obtained using the proce-
dure similar to that defined by Adams et al. (2008). All 
utterances produced by the HP participants were transcribed 
by the first author (T.K.) using the headset microphone 
recording to approximate a “ground truth” transcription. 
A trained research assistant independently transcribed all 
utterances from a subset of five of the HP participants in 
order to report reliability of the “ground truth” tran-
scriptions. These five speakers were chosen to reflect a 
range of severity. The percent agreement between the 
first and second transcriber was 94.3%.
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PCP utterances were then transcribed using the lava-
lier microphone recording. Six utterances per condition 
per participant were selected to be played to NLs and to 
be used in the final analyses. Final analyses included 
utterances between four and 22 words in length, on-topic, 
not including or overlapping with the PCP or investiga-
tors, and continuous (e.g., encompassing an entire utter-
ance with discontinuities and disfluencies removed). When 
possible, the first six sentences uttered during each condi-
tion to meet these criteria were the ones chosen to include 
in the intelligibility analyses. 

Later, NLs heard a subset of the utterances (four to 
six utterances per condition that met the criteria described 
above) that had been recorded from the tabletop micro-
phone positioned next to the PCP participants (2-m record-
ing distance). Utterances were presented at the natural sound 
pressure level at which they were recorded (i.e., not rescaled) 
in a sound-treated booth (Industrial Acoustic Company) via 
external speakers calibrated to 70 dB SPL at the listener’s 
head. Selected utterances were played to listeners in two 
blocks (one for each noise condition). Within each block, 
the order of utterances was randomized for each listener, 
and each utterance was played twice. A random 10% of 
utterances were repeated for reliability. Listeners com-
pleted the self-paced listening task over approximately 
four to six visits usually lasting between 1 and 2 hr each 
and  spaced  approximately  a  week  apa  rt.

Listeners transcribed the talker’s speech as accu-
rately and completely as possible. If they could not under-
stand anything, they were instructed to type “NA.” Intel-
ligibility for this subset of utterances was measured as a 
percentage of words correctly repeated by the PCP partici-
pant or transcribed by the NL. HP and PCP transcrip-
tions were hand-checked by two trained research assis-
tants, and intelligibility scores (percent correct of words 
understood) were verified and corrected if necessary accord-
ing to the following criteria:

• Contractions and uncontracted versions of words 
were both counted as correct (e.g., if the participant 
said “we will” but the listener said “we’ll,” this was 
counted as “we will”; similarly, if they said “we will” 
instead of “we’ll,” this was also counted as correct).

• An alteration in word order was ignored as long as 
all words were uttered.

• Any additional words or morphemes added by the 
listener were ignored and not counted against the 
final score.

• Fillers and word repetitions uttered by the partici-
pant were not counted as a part of the transcript 
(e.g., “uh”, “um”, “the the boy. . .”).

• Obvious typos typed by the NLs (e.g., letters 
swapped or a word missing an apostrophe) were 
counted as correct. 

Statistical Analysis 

To answer how the devices and presence of noise 
impacted speech intelligibility for each of our listener 
groups, we built two linear mixed-effects models using the 
lme4 package (Version 1.1.35.3; Bates et al., 2015) in R 
(Version 4.4.3; R Core Team, 2024), one for each group. 
Fixed effects included device (four levels) and noise (two 
levels), as well as utterance length (number of words in 
the sentence; treated numerically) as a covariate. All possi-
ble interactions were permitted in the models. Random 
intercepts were included for talker/dyad and utterance 
order. In the NL model, random intercepts for listener 
were also included to account for variability in listener-
specific effects. The dependent variable, intelligibility, was 
treated as percent words corrected (0%–100%). 

To aid interpretation, we employed contrast coding 
methods to handle the multilevel categorical variables. The 
four-level device condition was contrast coded using reverse 
Helmert contrasts with the following interpretations: (a) 
portable versus stationary amplifier (A vs. B), (b) both 
amplifiers versus the personal communication system (A 
and B vs. C), and (c) all devices versus no device (A, B, 
and C vs. ND). Noise was treatment coded with the no-
noise condition set as the reference level. Utterance length 
was entered as a numeric variable. We report significant pair-
wise comparisons (using the emmeans R package [Version 
1.11.2; Lenth, 2020] and Tukey-adjusted p values) as appro-
priate  to  aid  in  interpretation  of  interactio  ns.

Power Analysis 
We conducted a series of power analyses to calculate 

the levels of statistical power of the linear mixed-effects 
regression models using simulated data. Using the simr R 
package (Version 1.0.7; Green & MacLeod, 2016), we ran 
100 simulations of the models for each level of the effect 
size. We calculated the proportion of times the null hypoth-
esis was correctly rejected (i.e., statistical power). With an α 
level of .05 (Type I error rate), the power analysis revealed 
that the power ranged from 59% to 100% to detect a small 
effect size for our model s.

Results 

Results are presented in Figure 1 and Appendix 
Tables A1 and A2. We report the results of each of the 
two models (PCP and NL groups), in order to describe 
the effects of the primary variables of interest within each
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group. Briefly, we found a main effect of noise and signifi-
cant Device × Noise interactions for both groups, which 
we report below. Model estimates are reported on the 
original scale of percent words correct. 

Main Effects of Device, Noise, and 
Utterance Length 

There were no significant main effects of device for 
the PCP group’s intelligibility scores when noise and utter-
ance length were held at their reference level values. For 
the NL group, intelligibility was significantly worse in the 
ND condition compared to the three devices for the NL 

group (device vs. ND contrast: β̂ = −2.51; 95% confidence 
interval [CI] [−4.31, −0.71]; p = .006). There were no main 
effects of device for the other contrast levels for either of the 
listener groups. For both listener groups, we found a signifi-

cant detrimental main effect of noise (PCP: β̂ = −14.32; 95% 

CI [−22.22, −6.41]; p < .001; naive: β̂ = −31.09; 95% CI 

[−35.57, −26.61]; p < .001) and sentence length (PCP: β̂ = 
−1.71; 95% CI [−2.36, −1.06]; p < .001; naive: β̂ = −0.70; 
95% CI [−1.08, −0.33]; p < .001) on intelligibility scores.

Interactions Between Device and Noise 
A two-way interaction between Device and Noise was 

found for both listener groups. Specifically, both groups 
demonstrated a significant interaction between Noise and 
the amplifier versus personal communication system contrast 

([A and B vs. C] by Noise; PCP: β̂ = 7.29; 95% CI [0.81 ,

13.77]; p = .027; NL: β = 14.29; 95% CI [10.61, 17.98]; p < 
.001). This interaction demonstrates that there was a rela-
tively greater decline in intelligibility in noise for the portable 
and stationary amplifiers (Devices A and B) compared to 
the personal communication system (Device C). A two-way 
interaction for the Noise × Device versus no device contrast 

was additionally found for the NLs (β̂ = −7.82; 95% CI 
[−10.31, −5.33]; p < . 001).

Figure 1. Spontaneous speech intelligibility across device types, noise conditions, and listener groups. Error bars reflect standard error. 
Device A = portable belt-pack amplification device; Device B = stationary wireless amplification device; Device C = one-way personal com-
munication system. 

Pairwise Comparisons Between Devices 
Post hoc pairwise comparisons (see Appendix Table 2) 

were performed for the Device × Noise interactions that 
were found to be statistically significant above. We report 
the estimated marginal mean differences (in percentage 
points) for statistically different comparisons as appropri-
ate below. 

PCP Group. In no noise, there were no significant 
intelligibility differences between any of the devices for PCP 
group in the no-noise condition. In the noise condition, 
listener intelligibility for the PCPs was significantly greater for 
all devices (A, B, and C) compared to ND. Estimated 
differences ranged from 7.8% (Portable Amplifier A vs. ND) 
to 24.5% (Personal Communication System C vs. ND). 
Intelligibility was also greater for the personal communication 
system (C) compared to all other device conditions (Portable 
Amplifier A, 16.6% difference; Stationary Amplifier B, 11.1% 
difference). The portable and stationary amplifiers did not 
differ from one another (A = B). The observed device 
hierarchy in noise for the PCP listeners was as follows:
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personal communication system (C) > [portable amplifier 
(A) = stationary amplifier (B)] > ND. 

NL Group. In no noise, post hoc testing confirmed 
significant intelligibility differences for most device comparisons 
for the NL group. All devices (A, B, and C) were associated 
with significantly higher intelligibility compared to ND, 
ranging from 5.9% (Stationary Amplifier B vs. ND) to 13.0% 
(Wireless Amplifier A vs. ND and Personal Communication 
System C vs. ND). The portable amplifier (A) and personal 
communication system (C) were both associated with higher 
intelligibility than the stationary amplifier (B; ~7% difference 
for both comparisons), but did not significantly differ from 
each other (A = C; ~0.3% difference). Overall, the observed 
hierarchy in no noise for the NL group was as follows: 
[personal communication system (C) = portable amplifier 
(A)] > stationary amplifier (B) > no device. 

In the noise condition, the observed pattern for the 
NL group was the same as that for the PCP group in 
noise. That is, higher intelligibility was found for all devices 
(A, B, and C) compared to ND, as well as for the personal 
communication system (C) compared to all device conditions 
(A, B, and ND). Estimated differences compared to ND 
ranged from approximately 25% (both Amplifiers A and 
B vs. ND) to 64.1% (Personal Communication System C 
vs. ND). The personal communication system (C) was 
associated with nearly 40% higher intelligibility than 
both the portable (A: 38.5%) and stationary (B: 39.5%) 
amplifiers. The portable and stationary amplifiers (A and 
B) did not differ from one another (< 1% difference). 
The  observed  device  hierarchy  in  noise  for  the  NL  group  
was likewise: personal communication system (C) > [por-
table amplifier (A) = stationary amplifier (B)] > ND. 
While the patterns between the two listener groups mir-
rored one another, the estimated marginal mean differ-
ences were larger in the NL group than in the PCP group 
(see Appendix Table 2).

Discussion 

This study evaluated the effects of three amplification 
devices on intelligibility of spontaneous speech produced by 
individuals with hypophonia. Participants included 22 indi-
viduals with moderate-to-severe hypophonia who described 
pictures to a familiar PCP in quiet (“no noise”) and in 65 
dB SPL of noise (“noise”). Intelligibility scores were pro-
vided by these familiar partner listeners as well as by a 
group of NLs who heard and transcribed the utterances 
offline. These data extend findings from a larger project 
reported in Knowles et al. (2020), which reported on sen-
tence reading intelligibility. Here, we discuss patterns 
observed in the current study and compare them with those 
from the sentence reading task. 

Device and Noise Differences 

The present study revealed a device hierarchy, indi-
cating that the highest intelligibility was found for a per-
sonal one-way communication system (Device C). The 
other two amplifiers, a large stationary device (Device B) 
and a traditional portable belt-pack amplifier (Device A) 
did not significantly differ from one another in most cases 
but were generally found to be better performing than no 
device at all. This device hierarchy matched the one found 
in Knowles et al. (2020) for listener intelligibility of read 
sentences for these same talkers and listener groups. Intel-
ligibility was, as expected, consistently higher across devices 
and listener groups in no noise compared to in noise. This 
is consistent with previous literature demonstrating that 
intelligibility declines in noise for talkers with PD both for 
read sentences (Chiu & Forrest, 2018) and conversational 
speech (Dykstra et al., 2012). 

Even in noise, intelligibility with the one-way com-
munication system (Device C) remained relatively high, as 
visible in Figure 1. This device, which provides a direct 
transmission of a talkers’ speech to the listener via head-
phones, had the highest speech-to-noise ratio for read sen-
tences across the three devices reported in Knowles et al. 
(2020). These acoustic advantages likely explain the con-
sistent intelligibility benefit of this type of device over the 
more traditional amplifiers, especially in noise. 

Differences Within Listener Groups 

The device hierarchy and effects of noise were simi-
lar for both listener groups, though the baselines and mag-
nitude of the effects differed between them. Familiar PCP 
listeners were overall more accurate than the unfamiliar 
NL group, and this difference was even more pronounced 
in the noisy adverse listening condition (“noise”). This dif-
ference is visible in Figure 1 and captured by the magni-
tudes of the model and pairwise estimates, though note we 
did not directly compare groups in the models. 

On one hand, this observation that familiar listeners 
were overall more accurate than NLs, especially in noise, 
may be unsurprising. The PCP group, who sat across from 
the talkers, not only were more familiar with their own 
partners’ speech patterns but also had access to visual cues 
not offered to the NLs who heard the recorded utterances 
later. Greater listener familiarity of a talker is associated 
with increased speech intelligibility in the literature (Borrie 
& Lansford, 2021; Borrie, McAuliffe, & Liss, 2012; Tjaden 
& Liss, 1995). Furthermore, being able to see a speaker’s 
face is also well reported to aid speech perception (Grant 
& Seitz, 2000; Helfer, 1997; Schwartz et al., 2004; e.g., Van 
Engen et al., 2014).
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However, this difference is also notable given the limita-
tions of the listening task. PCP participants were, for the most 
part, older adults, some of whom had hearing loss, compared 
to a younger cohort of NLs with typical hearing. Older adults 
have been shown to be less accurate listeners and report lower 
comprehensibility compared to young and middle-aged adult 
listeners of typical talkers (Tuomainen et al., 2019) and of 
talkers with PD (Parveen et al., 2019), at least when perceiv-
ing auditory-only signals of unfamiliar talkers. In general, 
older adults have more difficulty understanding speech, espe-
cially in noisy listening environments, compared to younger 
adults (e.g., Schneider et al., 2000; Tun et al., 2002). When 
provided the opportunity to become familiarized with dysarth-
ric speech, older and younger listeners show similar intelligibil-
ity gains, even when different at baseline (Lansford et al., 
2018). These age-related challenges have been linked to 
changes in auditory and sensory processing (Cervera et al., 
2009; Füllgrabe et al., 2015; Rajan & Cainer, 2008; Roberts 
& Allen, 2016), even in the presence of typical hearing thresh-
olds. That is, age-related differences in intelligibility are driven 
by different cognitive mechanisms beyond age-related hearing 
changes (Ingvalson et al., 2017; Lansford et al., 2018). Taken 
together with the current results, this suggests the importance 
of studying how, exactly, more ecologically valid communica-
tion contexts and listener familiarity may compensate for 
other challenges associated with aging. 

Another reason this difference is notable is that, due 
to the nature of the task, the NL group could have also 
become familiar with the content of the pictures being 
described. This would have aided the NLs but not the 
PCPs. The PCPs only heard their own partners’ speech 
and, thus, did not have the benefit of potential familiarity 
with the picture description content afforded to the NLs 
who transcribed productions from all speakers. While care 
was taken to mitigate content familiarity for the NL 
group (e.g., in the choice of the picture stimuli and ran-
domization of the presentation in the listening task), it 
may have occurred. Despite these challenges that could 
have disadvantaged the PCP listeners, they performed 
more accurately than the NL group in both noise condi-
tions, a pattern consistent with that for read sentences 
reported in Knowles et al. (2020). This suggests that the 
actual benefit or effect size of being a familiar listener 
may actually be greater in real-life settings. 

Speech Task Differences: Comparison With 
Knowles et al. (2020) 

As stated above, the overall pattern of results across 
devices, noise, and listener groups was very similar in the 
present study compared to the sentence reading results 
reported in Knowles et al. (2020). That is, we did not find 
robust evidence of task-driven differences in these data. In 
order to make data-informed comparisons with the sentence 

reading results reported in Knowles et al. (2020), we com-
bined both data sets, including intelligibility scores from both 
tasks and both listener groups pooled together.1 Indeed, in 
this pooled data, we found no main effect of speech task, 
indicating that when listener group, noise condition, and 
device condition were held constant, speech task was not a 
robust predictor of intelligibility differences. 

Previous literature suggests that when task differ-
ences do emerge in the speech intelligibility of people with 
PD, spontaneous speech intelligibility often tends to be 
lower than that of read speech (Johansson et al., 2022; 
Kempler & Van Lancker, 2002; Kent, 1996; Weismer, 
1984; Yorkston & Beukelman, 1981). Our current findings, 
however, suggest a more nuanced difference. In fact, mean 
intelligibility in noise was actually lower for the SIT data 
reported in Knowles et al. (2020) compared to the sponta-
neous speech data reported here, especially for the NLs. 
The post hoc analysis of the pooled speech task and listener 
group data supported this observation: NLs were less accu-
rate in transcribing the SIT sentences than the spontane-
ously spoken utterances for all three devices in Noise (see 
Supplemental Material S1). 

It is possible that the context provided by the 
speaker during the picture description task aided the NLs 
compared to trying to understand semantically anomalous 
sentences, characteristic of the SIT. Semantic context, 
which increases the predictability of a spoken utterance, 
tends to aid speech understanding across varying levels 
and types of noise (Bradlow & Alexander, 2007; Dubno 
et al., 2000; Smayda et al., 2016; Van Engen et al., 2014) 
The findings on semantic context reflect differences when 
predictability is controlled across low- versus high-context 
sentences, though this effect may also persist when context 
is available in more naturalistic speech, such as in the pic-
ture description presented here. In the present study, refer-
ences to the picture content were mentioned multiple times 
by multiple speakers, which could have benefited the NLs 
who heard utterances from all talkers and may have been 
better able to predict common themes. Explicit knowledge 
of the content being described has been shown to benefit 
listeners of talkers with PD describing pictures (Johansson 
et al., 2022), thus likely aiding the NLs in this task. 

Another task difference that may be attributable to 
the NLs’ performance is syntactic complexity. SIT sen-
tences vary in their lexical characteristics and complexity 
(Stipancic et al., 2022), which was not explicitly controlled

1 We do not report on those pooled model results directly here and 
instead use them to inform comparisons across tasks and listener 
groups in the broader context of this project. Model results and pair-
wise comparisons from these pooled data sets can be found in Supple-
mental Material S1.

1128 American Journal of Speech-Language Pathology Vol. 35 1119–1135 May 2026



for in Knowles et al. (2020) or the current study. It is possi-
ble that, overall, utterances used by the current talkers to 
describe pictures may be structurally simpler than SIT sen-
tences. Greater lexical and syntactic complexity has been 
associated with poorer speech intelligibility, especially when 
listening to more severely impaired speech severity in talkers 
with PD and in the presence of noise (Chiu & Forrest, 2018).

Comparison across both spontaneous speech and SIT sen-
tences in the current studies suggests that the device hierarchy we 
report here is valid and robust, despite methodological differ-
ences between the tasks and potential content knowledge that 
could have aided the NLs. From the speakers’ perspective, both 
the read sentences and the picture description tasks may have 
provided similar amounts of structure and thereby similar atten-
tional demands, as has been suggested in previous reports of PD 
(Weir-Mayta et al., 2017). Our findings are also consistent with 
those of Tjaden and Wilding (2011) and Bunton and Keintz 
(2008), who found no differences between spoken monologues 
and read speech intelligibility provided by unfamiliar listeners of 
talkers with PD. It is worth mentioning, however, that our cur-
rent findings reflect spontaneous speech elicited in a picture 
description task (in which a listener repeated the talker’s  utter-
ances back to them), which differ from other spontaneous speech 
tasks such as monologues or true co nversation.

Limitations 

The current study presents a relatively small cohort of 
heterogeneous speakers with PD(+) and their PCPs. As dis-
cussed above, several methodological limitations warrant cau-
tion in interpretation. Importantly, the task demands imposed 
on the two listener groups differed in several ways, including 
modality, working memory demands, and access to repeated 
contextual clues. The two tasks were not designed to be identi-
cal listening tasks; rather, they were intended to reflect familiar 
listening and unfamiliar listening scenarios. One limitation, 
thus, is that these listening tasks are not directly comparable 
and differences between them go beyond solely the listener’s 
familiarity with the speech. 

We made several methodological decisions to miti-
gate the potential confounds of content familiarity for the 
NL group. First, as described in the Method section, the 
pictures were illustrations rich in detail chosen specifically 
to elicit a broad range of descriptions. Therefore, speakers’ 
descriptions of the same scene varied substantially. For 
example, “The cop is a typical small town cop—overweight” 
(PD15) and “Policeman is sitting at the counter” (PD07) 
describe the same part of a scene from one picture. Note that 
this is distinct from a highly controlled picture description 
task in which pictures are designed to elicit specific words 
and phrases (e.g., Diapix pictures; Baker & Hazan, 2011). 
Second, the order of the pictures presented to speakers 
was fully randomized across conditions, so utterances the 

listeners heard varied in whether they appeared in noise and 
across devices. Third, listeners heard a subset of the utter-
ances (up to six per condition), and these were fully ran-
domized for the listeners within a noise condition. 

During the speech production task, speakers may 
have subconsciously altered their productions based on 
how much they perceived their partner to understand or 
not understand. At the same time, this is likely more repre-
sentative of how typical speech interactions occur and war-
rants future systematic study in PD. Previous research has 
demonstrated that specifically requesting clarification results 
in altered speech patterns in talkers with PD (Moon, 2005; 
Watkins, 2005), but more subtle changes in naturalistic 
speech that require the speaker to realize the listener has 
misunderstood them have not been investigated. 

The small number of listeners is another potential 
limitation, though a growing body of evidence suggests 
that relatively few listeners are needed to obtain accurate 
estimates of intelligibility (Abur et al., 2019; Dahl et al., 
2025). In particular, Dahl et al. (2025) found that a mini-
mal acceptable threshold, defined as intelligibility estimates 
that deviated from a speaker’s mean benchmark within a 
minimally detectable difference (Stipancic et al., 2016) at 
least 80% of the time, was achievable with a minimum of 
two inexperienced listeners transcribing at least nine SIT 
sentences. We acknowledge, however, that there is no cur-
rent precedent for transcribing spontaneous speech. Deter-
mining best practices for spontaneous speech intelligibility 
testing remains a valuable direction for future research. 

Finally, it is worth noting that intelligibility was scored 
as the number of words correctly uttered (by the PCPs) or 
transcribed (by the NLs); word order was not considered in 
the accuracy of the transcriptions. Nevertheless, future 
research investigating spontaneous speech perception should 
consider ways in which to control for or limit demands on 
working memory that could impact results. 

Clinical Implications and Future Directions 

A consistent hierarchy and benefit of amplification 
device use has been established in this cohort of speakers 
across speech acoustics and intelligibility (Knowles et al., 
2020), as well as communicative participation and com-
municative effectiveness (Page et al., 2023). While the one-
way personal communication system (Device C) was 
shown to exceed the performance of the other devices, all 
three devices provided benefit over no amplification, par-
ticularly in adverse listening conditions (“noise”). These 
speakers were selected as potential clinical candidates for 
amplification devices on the basis of moderate-to-severe 
hypophonia. Results provide further evidence to the clin-
ical utility of speech amplification as an augmentative
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management tool for hypophonia. The personal communication 
system, in particular, has consistently demonstrated efficacy in 
comparison to the belt-pack and stationary amplifier options. 

Integrating these findings with perspectives of speech-
language pathologists treating this population, as reported in 
Gates  and  colleagues  (Gates,  Knowles, Mach, & Higginbotham, 
2024; Gates, Knowles, Mach, Higginbotham, & Holder, 
2024), underscores the potential clinical benefit of amplifica-
tion devices for at least some clients with PD or Parkinsonism 
and moderate-to-severe hypophonia. Qualitative interviews 
with speech-language pathologists have suggested that 
amplification devices may be particularly helpful for those 
with PD who report challenges producing or maintaining louder 
speech in noisy environments or those with more advanced cog-
nitive decline (Gates, Knowles, Mach, Higginbotham, & Holder, 
2024). Future work will aim to integrate qualitative perspectives 
of individuals with hypophonia and their partners on the benefits 
and challenges associated with using a device. Longer term stud-
ies following the patterns of use would also aid in providing sus-
tainable clinical recommendations. Future work should systema-
tically evaluate the acoustic quality of such devices. This would 
aid in a better understanding of how amplification may or may 
not benefit speakers with different speech symptom clusters, as 
discussed in Gates, Knowles, Mach, and Higginbotham (20 24).

Conclusions 

This study investigated how speech amplification devices 
impacted spontaneous speech intelligibility for HP. Of the three 
devices studied, intelligibility was greatest when speech was 
transmitted through the personal communication system com-
pared  to  the  stationary  and  belt-pack  amplifiers  and  compared  
to no device. This was especially true in noise compared to no 
noise and for NLs compared to familiar listeners. Findings rep-
licate those reported in Knowles et al. (2020) of this same 
speaker cohort partaking in a sentence reading task. Results 
add to an increasing body of evidence supporting how speech 
amplification technology can support communication in indi-
viduals with pervasive hypophonia.

Data Availability Statement 

The data sets generated and/or analyzed during the 
current study are available from the corresponding author 
upon reasonable request. 

Acknowledgments 

This study was supported by Graduate Student Research 
Funding awarded to Thea Knowles by the Parkinson Society 

Southwestern Ontario. The authors thank the participants 
for their time and contributions to this work. The authors 
also thank Darianna Borowiek, Matt Valerio, Brooke 
Emerick, and Chloe Glabach for their assistance with data 
analysis. 

References 

Abur, D., Enos, N. M., & Stepp, C. E. (2019). Visual analog scale 
ratings and orthographic transcription measures of sentence 
intelligibility in Parkinson’s disease with variable listener 
exposure. American Journal of Speech-Language Pathology, 
28(3), 1222–1232. https://doi.org/10.1044/2019_AJSLP-18-0275 

Adams, S. G., Dykstra, A., Jenkins, M., & Jog, M. (2008). 
Speech-to-noise levels and conversational intelligibility in hypo-
phonia and Parkinson’s  disease.  Journal of Medical Speech-
Language Pathology, 16(4), 165–172 .

Adams, S. G., & Dykstra, A. D. (2009). Hypokinetic dysarthria. 
In M. R. McNeil (Ed.), Clinical management of sensorimotor 
speech disorders. Thieme. 

Adank, P., Evans, B. G., Stuart-Smith, J., & Scott, S. K. (2009). 
Comprehension of familiar and unfamiliar native accents 
under adverse listening conditions. Journal of Experimental 
Psychology: Human Perception and Performance, 35(2), 520–529. 
https://doi.org/10.1037/a0013552 

Andreetta, M. D., Adams, S. G., Dykstra, A. D., & Jog, M. 
(2016). Evaluation of speech amplification devices in Parkinson’s 
disease. American Journal of Speech-Language Pathology, 25(1), 
29–45. https://doi.org/10.1044/2015_AJSLP-15-0008 

Baese-Berk, M. M., McLaughlin, D. J., & McGowan, K. B. (2020). 
Perception of non-native speech. Language and Linguistics Com-
pass, 14(7), Article e12375. https://doi.org/10.1111/lnc3.12375 

Baker, R., & Hazan, V. (2011). DiapixUK: Task materials for 
the elicitation of multiple spontaneous speech dialogs. Behav-
ior Research Methods, 43(3), 761–770. https://doi.org/10.3758/ 
s13428-011-0075-y 

Bates, D., Mächler, M., Bolker, B., & Walker, S. (2015). Fitting 
linear mixed-effects models using lme4. Journal of Statistical 
Software, 67(1), 1–48. https://doi.org/10.18637/jss.v067.i01 

Baylor, C., Cook, K. J., & McAuliffe, M. J. (2024). “Take us 
into account”: Perspectives of family members of people with 
Parkinson’s disease regarding speech-language pathology 
intervention. American Journal of Speech-Language Pathology, 
33(2), 736–755. https://doi.org/10.1044/2023_AJSLP-23-00273 

Behrman, A., Cody, J., Elandary, S., Flom, P., & Chitnis, S. 
(2020). The effect of SPEAK OUT! and the loud crowd on 
dysarthria due to Parkinson’s disease. American Journal of 
Speech-Language Pathology, 29(3), 1448–1465. https://doi.org/ 
10.1044/2020_AJSLP-19-00024 

Bent, T., & Baese-Berk, M. (2021). Perceptual learning of 
accented speech. In J. S. Pardo, L. C. Nygaard, R. E. Remez, 
& D. B. Pisoni (Eds.), The handbook of speech perception (pp. 
428–464). Wiley. https://doi.org/10.1002/9781119184096.ch16 

Borrie, S. A., & Lansford, K. L. (2021). A perceptual learning 
approach for dysarthria remediation: An updated review. Journal 
of Speech, Language, and Hearing Research, 64(8), 3060–3073. 
https://doi.org/10.1044/2021_JSLHR-21-00012 

Borrie, S. A., Lansford, K. L., & Barrett, T. S. (2017). General-
ized adaptation to dysarthric speech. Journal of Speech, Lan-
guage, and Hearing Research, 60(11), 3110–3117. https://doi. 
org/10.1044/2017_JSLHR-S-17-0127

1130 American Journal of Speech-Language Pathology Vol. 35 1119–1135 May 2026

https://doi.org/10.1044/2019_AJSLP-18-0275
https://doi.org/10.1037/a0013552
https://doi.org/10.1044/2015_AJSLP-15-0008
https://doi.org/10.1111/lnc3.12375
https://doi.org/10.3758/s13428-011-0075-y
https://doi.org/10.3758/s13428-011-0075-y
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1044/2023_AJSLP-23-00273
https://doi.org/10.1044/2020_AJSLP-19-00024
https://doi.org/10.1044/2020_AJSLP-19-00024
https://doi.org/10.1002/9781119184096.ch16
https://doi.org/10.1044/2021_JSLHR-21-00012
https://doi.org/10.1044/2017_JSLHR-S-17-0127
https://doi.org/10.1044/2017_JSLHR-S-17-0127


Borrie,  S.  A.,  Lansford,  K.  L.,  &  Barrett,  T.  S.  (2018). Understanding 
dysrhythmic speech: When rhythm does not matter and learning 
does not happen. The Journal of the Acoustical Society of Americ a,
143(5), EL379–EL385. https://doi.org/10.1121/1.5037620 

Borrie, S. A., McAuliffe, M. J., & Liss, J. M. (2012). Perceptual 
learning of dysarthric speech: A review of experimental studies. 
Journal of Speech, Language, and Hearing Research, 55(1), 
290–305. https://doi.org/10.1044/1092-4388(2011/10-0349) 

Borrie, S. A., McAuliffe, M. J., Liss, J. M., Kirk, C., O’Beirne, 
G. A., & Anderson, T. (2012). Familiarisation conditions and 
the mechanisms that underlie improved recognition of dys-
arthric speech. Language and Cognitive Processes, 27(7–8), 
1039–1055. https://doi.org/10.1080/01690965.2011.610596 

Borrie, S. A., McAuliffe, M. J., Liss, J. M., O’Beirne, G. A., & 
Anderson, T. J. (2012). A follow-up investigation into the 
mechanisms that underlie improved recognition of dysarthric 
speech. The Journal of the Acoustical Society of America, 
132(2), EL102–EL108. https://doi.org/10.1121/1.4736952 

Borrie, S. A., McAuliffe, M. J., Liss, J. M., O’Beirne, G. A., & 
Anderson, T. J. (2013). The role of linguistic and indexical 
information in improved recognition of dysarthric speech. The 
Journal of the Acoustical Society of America, 133(1), 474–482. 
https://doi.org/10.1121/1.4770239 

Bradlow, A. R., & Alexander, J. A. (2007). Semantic and phonetic 
enhancements for speech-in-noise recognition by native and non-
native listeners. The Journal of the Acoustical Society of America, 
121(4), 2339–2349. https://doi.org/10.1121/1.2642103 

Bunton, K., & Keintz, C. K. (2008). The use of a dual-task para-
digm for assessing speech intelligibility in clients with Parkinson 
disease. Journal of Medical Speech-Language Pathology, 16(3), 
141–155. 

Cervera, T., Soler, M., Dasi, C., & Ruiz, J. (2009). Speech recog-
nition and working memory capacity in young-elderly listeners: 
Effects of hearing sensitivity. Canadian Journal of Experimental 
Psychology, 63(3), 216–226. https://doi.org/10.1037/a0014321 

Chiu, Y.-F., & Forrest, K. (2018). The impact of lexical character-
istics and noise on intelligibility of Parkinsonian speech. Journal 
of Speech, Language, and Hearing Research, 61(4), 837–846. 
https://doi.org/10.1044/2017_JSLHR-S-17-0205 

Clark, J. P., Adams, S. G., Dykstra, A. D., Moodie, S., & Jog, 
M. (2014). Loudness perception and speech intensity control 
in Parkinson’s disease. Journal of Communication Disorders, 
51, 1–12. https://doi.org/10.1016/j.jcomdis.2014.08.001 

Cunnington, R., Iansek, R., & Bradshaw, J. L. (1999). Movement-
related potentials in Parkinson’s disease: External cues and 
attentional strategies. Movement Disorders, 14(1), 63–68. https:// 
doi.org/10.1002/1531-8257(199901)14:1<63::AID-MDS1012>3.0. 
CO;2-V 

Dahl, K. L., Balz, M. A., Cádiz, M. D., & Stepp, C. E. (2025). 
How to efficiently measure the intelligibility of people with 
Parkinson’s  disease.  American Journal of Speech-Language Pathol-
ogy, 34(1), 70–84 . https://doi.org/10.1044/2024_AJSLP-24-00080 

Dalrymple-Alford, J., MacAskill, M., Nakas, C., Livingston, L., 
Graham, C., Crucian, G. P., Melzer, T. R., Kirwan, J., 
Keenan, R., Wells, S., Porter, R. J., & Anderson, T. J. (2010). 
The MoCA: Well-suited screen for cognitive impairment in 
Parkinson disease. Neurology, 75(19), 1717–1725. https://doi. 
org/10.1212/WNL.0b013e3181fc29c9 

Darley, F. L., Aronson, A. E., & Brown, J. R. (1969a). Clusters 
of deviant speech dimensions in the dysarthrias. Journal of 
Speech and Hearing Research, 12(3), 462–496. https://doi.org/doi: 
10.1044/jshr.1203.462 

Darley, F. L., Aronson, A. E., & Brown, J. R. (1969b). Differen-
tial diagnostic patterns of dysarthria. Journal of Speech and 

Hearing Research, 12(2), 246–249. https://doi.org/10.1044/jshr. 
1202.246 

Dubno, J. R., Ahlstrom, J. B., & Horwitz, A. R. (2000). Use of 
context by young and aged adults with normal hearing. The 
Journal of the Acoustical Society of America, 107(1), 538–546. 
https://doi.org/10.1121/1.428322 

Duffy, J. R. (2019). Motor speech disorders e-book: Substrates, 
differential diagnosis, and management. Elsevier Health Sciences. 

Dykstra, A. D., Adams, S. G., & Jog, M. (2012). Examining the 
conversational speech intelligibility of individuals with hypo-
phonia associated with Parkinson’s disease. Journal of Medi-
cal Speech-Language Pathology, 20(4), 53–57. 

Dykstra, A. D., Adams, S. G., & Jog, M. (2015). Examining the 
relationship between speech intensity and self-rated communi-
cative effectiveness in individuals with Parkinson’s disease and 
hypophonia. Journal of Communication Disorders, 56, 103–112. 
https://doi.org/10.1016/j.jcomdis.2015.06.012 

Flipsen, P., Jr. (1995). Speaker-listener familiarity: Parents as 
judges of delayed speech intelligibility. Journal of Communication 
Disorders, 28(1), 3–19. https://doi.org/10.1016/0021-9924(94)00015-R 

Fox, C. M., & Ramig, L. O. (1997). Vocal sound pressure level 
and self-perception of speech and voice in men and women 
with idiopathic Parkinson disease. American Journal of Speech-
Language Pathology, 6(2), 85–94. https://doi.org/10.1044/1058-
0360.0602.85 

Friedman, J. H., Abrantes, A., & Sweet, L. H. (2011). Fatigue in 
Parkinson’s  disease.  Expert Opinion on Pharmacotherapy, 12(13), 
1999–2007. https://doi.org/10.1517/14656566.2011.587120 

Füllgrabe, C., Moore, B. C. J., & Stone, M. A. (2015). Age-group 
differences in speech identification despite matched audiome-
trically normal hearing: Contributions from auditory temporal 
processing and cognition. Frontiers in Aging Neuroscience, 6, 
Article 347. https://doi.org/10.3389/fnagi.2014.00347 

Gates, K., Knowles, T., Mach, H., & Higginbotham, J. (2024). 
Clinical insights into the use of speech amplification devices 
for managing hypophonia: Interviews with speech-language 
pathologists. American Journal of Speech-Language Pathology, 
33(4), 1639–1661. https://doi.org/10.1044/2024_AJSLP-23-00396 

Gates, K., Knowles, T., Mach, H., Higginbotham, J., & Holder, 
T. (2024). Speech amplification device usage for the manage-
ment of hypophonia: A survey of speech-language patholo-
gists. American Journal of Speech-Language Pathology, 33(4), 
1662–1697. https://doi.org/10.1044/2024_AJSLP-23-00395 

Georgiou, N., Bradshaw, J. L., Iansek, R., Phillips, J. G., 
Mattingley, J. B., & Bradshaw, J. A. (1994). Reduction in 
external cues and movement sequencing in Parkinson’s dis-
ease. Journal of Neurology, Neurosurgery & Psychiatry, 57(3), 
368–370. https://doi.org/10.1136/jnnp.57.3.368 

Goldman, J. G., & Litvan, I. (2011). Mild cognitive impairment 
in Parkinson’s disease. Minerva Medica, 102(6), 441–459. 

Grant, K. W., & Seitz, P. F. (2000). The use of visible speech 
cues for improving auditory detection of spoken sentences. 
The Journal of the Acoustical Society of America, 108(3 Pt 1), 
1197–1208. https://doi.org/10.1121/1.1288668 

Green, P., & MacLeod, C. J. (2016). SIMR: An R package for 
power analysis of generalized linear mixed models by simula-
tion. Methods in Ecology and Evolution, 7(4), 493–498. https:// 
doi.org/10.1111/2041-210X.12504 

Greene, M. C. L., Watson, B. W., Gay, P., & Townsend, 
D. B. K. (1972). A therapeutic speech amplifier and its use in 
speech therapy. The Journal of Laryngology & Otology, 86(6), 
595–605. https://doi.org/10.1017/S0022215100075629 

Harkins, J., & Tucker, P. (2007). An internet survey of individ-
uals with hearing loss regarding assistive listening devices.

Knowles et al.: Speech Amplification in Spontaneous Speech 1131

https://doi.org/10.1121/1.5037620
https://doi.org/10.1044/1092-4388(2011/10-0349)
https://doi.org/10.1080/01690965.2011.610596
https://doi.org/10.1121/1.4736952
https://doi.org/10.1121/1.4770239
https://doi.org/10.1121/1.2642103
https://doi.org/10.1037/a0014321
https://doi.org/10.1044/2017_JSLHR-S-17-0205
https://doi.org/10.1016/j.jcomdis.2014.08.001
https://doi.org/10.1002/1531-8257(199901)14:1<63::AID-MDS1012>3.0.CO;2-V
https://doi.org/10.1002/1531-8257(199901)14:1<63::AID-MDS1012>3.0.CO;2-V
https://doi.org/10.1002/1531-8257(199901)14:1<63::AID-MDS1012>3.0.CO;2-V
https://doi.org/10.1044/2024_AJSLP-24-00080
https://doi.org/10.1212/WNL.0b013e3181fc29c9
https://doi.org/10.1212/WNL.0b013e3181fc29c9
https://doi.org/doi:10.1044/jshr.1203.462
https://doi.org/doi:10.1044/jshr.1203.462
https://doi.org/10.1044/jshr.1202.246
https://doi.org/10.1044/jshr.1202.246
https://doi.org/10.1121/1.428322
https://doi.org/10.1016/j.jcomdis.2015.06.012
https://doi.org/10.1016/0021-9924(94)00015-R
https://doi.org/10.1044/1058-0360.0602.85
https://doi.org/10.1044/1058-0360.0602.85
https://doi.org/10.1517/14656566.2011.587120
https://doi.org/10.3389/fnagi.2014.00347
https://doi.org/10.1044/2024_AJSLP-23-00396
https://doi.org/10.1044/2024_AJSLP-23-00395
https://doi.org/10.1136/jnnp.57.3.368
https://doi.org/10.1121/1.1288668
https://doi.org/10.1111/2041-210X.12504
https://doi.org/10.1111/2041-210X.12504
https://doi.org/10.1017/S0022215100075629


f

• • •

Trends in Amplification, 11(2), 91–100. https://doi.org/10.1177/ 
1084713807301322 

Helfer, K. S. (1997). Auditory and auditory-visual perception of 
clear and conversational speech. Journal of Speech, Language, 
and Hearing Research, 40(2), 432–443. https://doi.org/10.1044/ 
jslhr.4002.432 

Hirsch,  M.  E.,  Lansford,  K.  L.,  Barrett,  T.  S.,  &  Borrie,  S.  A.  (2021). 
Generalized learning of dysarthric speech between male and 
female talkers. Journal of Speech, Language, and Hearing Research,
64(2), 444–451. https://doi.org/10.1044/2020_JSLHR-20-00313 

Ho, A. K., Bradshaw, J. L., Iansek, R., & Alfredson, R. (1999). 
Speech volume regulation in Parkinson’s  disease:  Effects  o  
implicit cues and explicit instructions. Neuropsychologia, 37(13), 
1453–1460. https://doi.org/10.1016/S0028-3932(99)00067-6 

Ho, A. K., Bradshaw, J. L., & Iansek, T. (2000). Volume percep-
tion in Parkinsonian speech. Movement Disorders, 15(6), 
1125–1131. https://doi.org/10.1002/1531-8257(200011)15:6<1125:: 
AID-MDS1010>3.0.CO;2-R 

Huber, J. E., & Darling, M. (2011). Effect of Parkinson’s disease 
on the production of structured and unstructured speaking 
tasks: Respiratory physiologic and linguistic considerations. 
Journal of Speech, Language, and Hearing Research, 54(1), 
33–46. https://doi.org/10.1044/1092-4388(2010/09-0184) 

Huber, J. E., Stathopoulos, E. T., Ramig, L. O., & Lancaster, 
S. L. (2003). Respiratory function and variability in individ-
uals with Parkinson disease: Pre- and post-Lee Silverman 
voice treatment. Journal of Medical Speech - Language Pathol-
ogy, 11(4), 185–202. 

Huh, Y. E., Park, J., Suh, M. K., Lee, S. E., Kim, J., Jeong, Y., 
Kim, H.-T., & Cho, J. W. (2015). Differences in early speech 
patterns between Parkinson variant of multiple system atro-
phy and Parkinson’s disease. Brain and Language, 147, 14–20. 
https://doi.org/10.1016/j.bandl.2015.04.007 

Ingvalson, E. M., Lansford, K. L., Fedorova, V., & Fernandez, G. 
(2017). Receptive vocabulary, cognitive flexibility, and inhibi-
tory control differentially predict older and younger adults’ 
success perceiving speech by talkers with dysarthria. Journal 
of Speech, Language, and Hearing Research, 60(12), 3632–3641. 
https://doi.org/10.1044/2017_JSLHR-H-17-0119 

Johansson, I.-L., Samuelsson, C., & Müller, N. (2022). Picture 
description in the assessment of connected speech intelligibility 
in Parkinson’s  disease:  A  pilot  study.  Folia Phoniatrica et Logo-
paedica, 74(5), 320–3 34. https://doi.org/10.1159/000521906 

Kempler, D., & Van Lancker, D. (2002). Effect of speech task on 
intelligibility in dysarthria: A case study of Parkinson’s dis-
ease. Brain and Language, 80(3), 449–464. https://doi.org/10. 
1006/brln.2001.2602 

Kent, R. D. (1996). Hearing and believing: Some limits to the 
auditory-perceptual assessment of speech and voice disorders. 
American Journal of Speech-Language Pathology, 5(3), 7–23. 
https://doi.org/10.1044/1058-0360.0503.07 

Kent, R. D., & Kim, Y. (2010). The assessment of intelligibility in 
motor speech disorders. In Assessment of motor speech disor-
ders (pp. 21–38). Plural. 

Knowles, T., Adams, S. G., Page, A., Cushnie-Sparrow, D., & 
Jog, M. (2020). A comparison of speech amplification and 
personal communication devices for hypophonia. Journal of 
Speech, Language, and Hearing Research, 63(8), 2695–2712. 
https://doi.org/10.1044/2020_JSLHR-20-00085 

Kowalska-Taczanowska, R., Friedman, A., & Koziorowski, D. 
(2020). Parkinson’s disease or atypical parkinsonism? The 
importance of acoustic voice analysis in differential diagnosis 
of speech disorders. Brain and Behavior, 10(8), Article e01700. 
https://doi.org/10.1002/brb3.1700 

Lansford, K. L., Borrie, S. A., & Barrett, T. S. (2019). Regularity 
matters: Unpredictable speech degradation inhibits adaptation 
to dysarthric speech. Journal of Speech, Language, and Hear-
ing Research, 62(12), 4282–4290. https://doi.org/10.1044/2019_ 
JSLHR-19-00055 

Lansford, K. L., Borrie, S. A., Barrett, T. S., & Flechaus, C. 
(2020). When additional training isn’t enough: Further evi-
dence that unpredictable speech inhibits adaptation. Journal 
of Speech, Language, and Hearing Research, 63(6), 1700–1711. 
https://doi.org/10.1044/2020_JSLHR-19-00380 

Lansford, K. L., Luhrsen, S., Ingvalson, E. M., & Borrie, S. A. 
(2018). Effects of familiarization on intelligibility of dysarthric 
speech in older adults with and without hearing loss. American 
Journal of Speech-Language Pathology, 27(1), 91–98. https:// 
doi.org/10.1044/2017_AJSLP-17-0090 

Laplante-Lévesque, A., Hickson, L., & Worrall, L. (2010). Factors 
influencing rehabilitation decisions of adults with acquired 
hearing impairment. International Journal of Audiology, 49(7), 
497–507. https://doi.org/10.3109/14992021003645902 

Lenth, R. (2020). emmeans: Estimated marginal means, aka least-squares 
means [Computer software]. Comprehensive R Archive Network. 

Liss, J. M., Spitzer, S. M., Caviness, J. N., & Adler, C. (2002). 
The effects of familiarization on intelligibility and lexical seg-
mentation in hypokinetic and ataxic dysarthria. The Journal 
of the Acoustical Society of America, 112(6), 3022–3030. https:// 
doi.org/10.1121/1.1515793 

Logemann, J. A., Fisher, H. B., Boshes, B., & Blonsky, E. R. 
(1978). Frequency and cooccurrence of vocal tract dysfunc-
tions in the speech of a large sample of Parkinson patients. 
The Journal of Speech and Hearing Disorders, 43(1), 47–57. 
https://doi.org/10.1044/jshd.4301.47 

McAuliffe, M. J., Fletcher, A. R., Kerr, S. E., O’Beirne, G. A., & 
Anderson, T. (2017). Effect of dysarthria type, speaking condi-
tion, and listener age on speech intelligibility. American Jour-
nal of Speech-Language Pathology, 26(1), 113–123. https://doi. 
org/10.1044/2016_ajslp-15-0182 

Miller, N., Nobel, E., Jones, D., & Burn, D. J. (2006). Life with 
communication changes in Parkinson’s disease. Age and Age-
ing, 35, 235–239. https://doi.org/10.1093/ageing/afj053 

Moon, B.-H. (2005). Effects of background noise, listener context, speech 
task, and requests for clarification on speech intensity in Parkinson’s 
disease [Doctoral dissertation]. University of Western Ontario. 

Nasreddine, Z. S., Phillips, N. A., Bédirian, V., Charbonneau, S., 
Whitehead, V., Collin, I., Cummings, J. L., & Chertkow, H. 
(2005). The Montreal Cognitive Assessment, MoCA: A brief 
screening tool for mild cognitive impairment. Journal of the 
American Geriatrics Society, 53(4), 695–699. https://doi.org/10. 
1111/j.1532-5415.2005.53221.x 

Obeso, I., Wilkinson, L., Casabona, E., Bringas, M. L., Álvarez, M., 
Álvarez, L., Pavón, N., Rodríguez-Oroz, M.-C., Macías, R., 
Obeso, J. A., & Jahanshahi, M. (2011). Deficits in inhibitory 
control and conflict resolution on cognitive and motor tasks 
in Parkinson’s disease. Experimental Brain Research, 212(3), 
371–384. https://doi.org/10.1007/s00221-011-2736-6 

Olson, M., Lockhart, T. E., & Lieberman, A. (2019). Motor learn-
ing deficits in Parkinson’s disease (PD) and their effect on training 
response in gait and balance: A narrative review. Frontiers in Neu-
rology, 10, Article 62. https://doi.org/10.3389/fneur.2019.00062 

Page, A. D., Schroeder, J.-R., Knowles, T., Jog, M., & Adams, 
S. G. (2023). A comparison of voice amplifiers and personal 
communication systems for hypophonia: An exploration of 
communicative participation. American Journal of Speech-
Language Pathology, 32(4S), 1850–1865. https://doi.org/10.1044/ 
2023_AJSLP-22-00161

1132 American Journal of Speech-Language Pathology Vol. 35 1119–1135 May 2026

https://doi.org/10.1177/1084713807301322
https://doi.org/10.1177/1084713807301322
https://doi.org/10.1044/jslhr.4002.432
https://doi.org/10.1044/jslhr.4002.432
https://doi.org/10.1044/2020_JSLHR-20-00313
https://doi.org/10.1016/S0028-3932(99)00067-6
https://doi.org/10.1002/1531-8257(200011)15:6<1125::AID-MDS1010>3.0.CO;2-R
https://doi.org/10.1002/1531-8257(200011)15:6<1125::AID-MDS1010>3.0.CO;2-R
https://doi.org/10.1044/1092-4388(2010/09-0184)
https://doi.org/10.1016/j.bandl.2015.04.007
https://doi.org/10.1044/2017_JSLHR-H-17-0119
https://doi.org/10.1159/000521906
https://doi.org/10.1006/brln.2001.2602
https://doi.org/10.1006/brln.2001.2602
https://doi.org/10.1044/1058-0360.0503.07
https://doi.org/10.1044/2020_JSLHR-20-00085
https://doi.org/10.1002/brb3.1700
https://doi.org/10.1044/2019_JSLHR-19-00055
https://doi.org/10.1044/2019_JSLHR-19-00055
https://doi.org/10.1044/2020_JSLHR-19-00380
https://doi.org/10.1044/2017_AJSLP-17-0090
https://doi.org/10.1044/2017_AJSLP-17-0090
https://doi.org/10.3109/14992021003645902
https://doi.org/10.1121/1.1515793
https://doi.org/10.1121/1.1515793
https://doi.org/10.1044/jshd.4301.47
https://doi.org/10.1044/2016_ajslp-15-0182
https://doi.org/10.1044/2016_ajslp-15-0182
https://doi.org/10.1093/ageing/afj053
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1007/s00221-011-2736-6
https://doi.org/10.3389/fneur.2019.00062
https://doi.org/10.1044/2023_AJSLP-22-00161
https://doi.org/10.1044/2023_AJSLP-22-00161


Parveen, S., Slaten, A., Parveen, S., & Slaten, A. (2019). Effects 
of aging on speech perception of individuals with and without 
Parkinson disease. Clinical Archives of Communication Disor-
ders, 4(2), 72–82. https://www.e-cacd.org/detail/30011669 

R Core Team. (2024). R: A language and environment for statisti-
cal computing (Version 4.4.0) [Computer software]. R Founda-
tion for Statistical Computing. 

Rajan, R., & Cainer, K. E. (2008). Ageing without hearing loss 
or cognitive impairment causes a decrease in speech intellig-
ibility only in informational maskers. Neuroscience, 154(2), 
784–795. https://doi.org/10.1016/j.neuroscience.2008.03.067 

Ramig, L. O., Fox, C., & Sapir, S. (2004). Parkinson’s disease: 
Speech and voice disorders and their treatment with the Lee 
Silverman Voice Treatment. Seminars in Speech and Lan-
guage, 25(2), 169–180. https://doi.org/10.1055/s-2004-825653 

Reyes, A., Castillo, A., Castillo, J., Cornejo, I., & Cruickshank, T. 
(2020). The effects of respiratory muscle training on phonatory 
measures in individuals with Parkinson’s  disease.  Journal of 
Voice, 34(6), 894–902. https://doi.org/10.1016/j.jvoice.2019.05.001 

Roberts, K. L., & Allen, H. A. (2016). Perception and cognition 
in the ageing brain: A brief review of the short- and long-term 
links between perceptual and cognitive decline. Frontiers in 
Aging Neuroscience, 8, Article 39. https://doi.org/10.3389/fnagi. 
2016.00039 

Rusz, J., Bonnet, C., Klempíř, J., Tykalová, T., Baborová, E., 
Novotný, M., Rulseh, A., & Růžička, E. (2015). Speech disor-
ders reflect differing pathophysiology in Parkinson’s disease, 
progressive supranuclear palsy and multiple system atrophy. 
Journal of Neurology, 262(4), 992–1001. https://doi.org/10. 
1007/s00415-015-7671-1 

Sachin, S., Shukla, G., Goyal, V., Singh, S., Aggarwal, V., 
Gureshkumar, & Behari, M. (2008). Clinical speech impair-
ment in Parkinson’s disease, progressive supranuclear palsy, 
and multiple system atrophy. Neurology India, 56(2), 122–126. 
https://doi.org/10.4103/0028-3886.41987 

Schneider, B. A., Daneman, M., Murphy, D. R., & See, S. K. 
(2000). Listening to discourse in distracting settings: The 
effects of aging. Psychology and Aging, 15(1), 110–125. https:// 
doi.org/10.1037//0882-7974.15.1.110 

Schwartz, J.-L., Berthommier, F., & Savariaux, C. (2004). Seeing 
to hear better: Evidence for early audio-visual interactions in 
speech identification. Cognition, 93(2), B69–B78. https://doi.org/ 
10.1016/j.cognition.2004.01.006 

Scott, S., & Caird, F. (1983). Speech therapy for Parkinson’s dis-
ease. Journal of Neurology, Neurosurgery & Psychiatry, 46(2), 
140–144. https://doi.org/10.1136/jnnp.46.2.140 

Smayda, K. E., Van Engen, K. J., Maddox, W. T., & 
Chandrasekaran, B. (2016). Audio-visual and meaningful 
semantic context enhancements in older and younger adults. 
PLOS ONE, 11(3), Article e0152773. https://doi.org/10.1371/ 
journal.pone.0152773 

Solomon, N. P.,  & Hixon, T. J.  (1993). Speech breathing in 
Parkinson’s disease. Journal of Speech and Hearing Research, 
36(2), 294–310. https://doi.org/10.1044/jshr.3602.294 

Spitzer, S. M., Liss, J., Caviness, J. N., & Adler, C. (2000). An 
exploration of familiarization effects in the perception of 
hypokinetic and ataxic dysarthric speech. Journal of Medical 
Speech-Language Pathology, 8(4), 285–293. 

Stipancic, K. L., Tjaden, K., & Wilding, G. (2016). Comparison 
of intelligibility measures for adults with Parkinson’s disease, 
adults with multiple sclerosis, and healthy controls. Journal of 
Speech, Language, and Hearing Research, 59(2), 230–238. 
https://doi.org/10.1044/2015_jslhr-s-15-0271 

Stipancic, K. L., van Brenk, F., Kain, A., Wilding, G., & Tjaden, 
K. (2022). Clear speech variants: An investigation of intellig-
ibility and speaker effort in speakers with Parkinson’s disease. 
American Journal of Speech-Language Pathology, 31(6), 2789–2805. 
https://doi.org/10.1044/2022_AJSLP-22-00189 

Tjaden, K., & Liss, J. M. (1995). The role of listener familiarity 
in the perception of dysarthric speech. Clinical Linguistics & Pho-
netics, 9(2), 139–154. https://doi.org/10.3109/02699209508985329 

Tjaden, K., & Wilding, G. (2011). Effects of speaking task on 
intelligibility in Parkinson’s  disease.  Clinical Linguistics & Phonet-
ics, 25(2), 155–168. https://doi.org/10.3109/02699206.2010.520185 

To, W., & Chung, A. (2014). Noise in restaurants: Levels and 
mathematical model. Noise and Health, 16(73), 368–373. https:// 
doi.org/10.4103/1463-1741.144412 

Tun, P. A., O’Kane, G., & Wingfield, A. (2002). Distraction by com-
peting speech in young and older adult listeners. Psychology and 
Aging, 17(3), 453–467. https://doi.org/10.1037/0882-7974.17.3.453 

Tuomainen, O., Hazan, V., Davis, C., & Kim, J. (2019). Intellig-
ibility of conversational and clear speech in young and older 
talkers as perceived by young and older listeners. The Journal 
of the Acoustical Society of America, 146(1), EL28–EL33. https:// 
doi.org/10.1121/1.5116322 

Van Engen, K. J., Phelps, J. E. B., Smiljanic, R., & 
Chandrasekaran, B. (2014). Enhancing speech intelligibility: 
Interactions among context, modality, speech style, and masker. 
Journal of Speech, Language, and Hearing Research, 57(5), 
1908–1918. https://doi.org/10.1044/JSLHR-H-13-0076 

Watkins, L. M. (2005). How individuals with Parkinson’s disease 
modify their speech in a repetition for clarification [Master’s 
thesis, Brigham Young University]. ProQuest Dissertations and 
Thesis Global. 

Weir-Mayta, P., Spencer, K. A., Eadie, T. L., Yorkston, K., 
Savaglio, S., & Woollcott, C. (2017). Internally versus exter-
nally cued speech in Parkinson’s disease and cerebellar dis-
ease. American Journal of Speech-Language Pathology, 26(2S), 
583–595. https://doi.org/10.1044/2017_AJSLP-16-0109 

Weismer, G. (1984). Articulatory characteristics of Parkinsonian 
dysarthria: Segmental and phrase-level timing, spirantization, 
and glottal-supraglottal coordination. In M. McNeil (Ed.), 
The dysarthrias: physiology, acoustics, perception, management 
(pp. 101–130). College-Hill Press. 

Yorkston, K. M., & Beukelman, D. R. (1981). Assessment of intel-
ligibility of dysarthric speech. Pro-Ed. 

Yorkston, K. M., Beukelman, D. R., & Tice, R. (1996). Sentence 
Intelligibility Test for Windows. Communication Disorders Software.

Knowles et al.: Speech Amplification in Spontaneous Speech 1133

https://www.e-cacd.org/detail/30011669
https://doi.org/10.1016/j.neuroscience.2008.03.067
https://doi.org/10.1055/s-2004-825653
https://doi.org/10.1016/j.jvoice.2019.05.001
https://doi.org/10.3389/fnagi.2016.00039
https://doi.org/10.3389/fnagi.2016.00039
https://doi.org/10.1007/s00415-015-7671-1
https://doi.org/10.1007/s00415-015-7671-1
https://doi.org/10.4103/0028-3886.41987
https://doi.org/10.1037//0882-7974.15.1.110
https://doi.org/10.1037//0882-7974.15.1.110
https://doi.org/10.1016/j.cognition.2004.01.006
https://doi.org/10.1016/j.cognition.2004.01.006
https://doi.org/10.1136/jnnp.46.2.140
https://doi.org/10.1371/journal.pone.0152773
https://doi.org/10.1371/journal.pone.0152773
https://doi.org/10.1044/jshr.3602.294
https://doi.org/10.1044/2015_jslhr-s-15-0271
https://doi.org/10.1044/2022_AJSLP-22-00189
https://doi.org/10.3109/02699209508985329
https://doi.org/10.3109/02699206.2010.520185
https://doi.org/10.4103/1463-1741.144412
https://doi.org/10.4103/1463-1741.144412
https://doi.org/10.1037/0882-7974.17.3.453
https://doi.org/10.1121/1.5116322
https://doi.org/10.1121/1.5116322
https://doi.org/10.1044/JSLHR-H-13-0076
https://doi.org/10.1044/2017_AJSLP-16-0109


• • •

A
p
p
en

d
ix
 (p

. 
1 
of
 2
) 

M
od

el
 O

ut
p
ut
 a
nd

 P
ai
rw

is
e 
C
om

p
ar
is
on

s 

T
ab

le
 A

1.
 M

od
el
 o
ut
p
ut
. 

Fa
m
ili
ar
 p
ri
m
ar
y 
co

m
m
un

ic
at
io
n 

p
ar
tn
er
 li
st
en

er
s

U
nf
am

ili
ar
 n
ai
ve

 li
st
en

er
s 

P
re
d
ic
to
rs

E
st
im

at
es

95
%
 C

I
p

E
st
im

at
es

C
I

p
 

(In
te
rc
ep

t)
97

.9
5

[8
7.
00

, 
10

8.
89

]
<
 .
00

1
79

.9
5

[6
8.
72

, 
91

.1
8]

<
 .
00

1 

D
ev

ic
e 
A
 v
s.
 B

−4
.9
4

[−
13

.1
5,
 3
.2
7]

.2
38

−1
.3
3

[−
5.
92

, 
3.
27

]
.5
72

 

D
ev

ic
e 
A
, 
B
, 
vs
. 
C

−0
.3
4

[−
4.
85

, 
4.
17

]
.8
83

−0
.5
1

[−
3.
09

, 
2.
06

]
.6
95

 

D
ev

ic
e 
vs
. 
N
o 
D
ev

ic
e

−0
.4
2

[−
3.
50

, 
2.
66

]
.7
90

−2
.5
1

[−
4.
31

, 
−0

.7
1]

.0
06

 
N
oi
se

 [
N
oi
se

 v
s.
 N

o 
N
oi
se

]
−1

4.
32

[−
22

.2
2,
 −
6.
41

]
<
 .
00

1
−3

1.
09

[−
35

.5
7,
 −
26

.6
1]

<
 .
00

1 

S
en

te
nc

e 
le
ng

th
−1

.7
1

[−
2.
36

, 
−1

.0
6]

<
 .
00

1
−0

.7
0

[−
1.
08

, 
−0

.3
3]

<
 .
00

1 
D
ev

ic
e 
A
 v
s.
 B

 ×
 N

oi
se

 [
N
oi
se

 v
s.
 N

o 
N
oi
se

]
6.
90

[−
4.
70

, 
18

.4
9]

.2
43

−1
.7
0

[−
8.
33

, 
4.
92

]
.6
14

 

D
ev

ic
e 
A
, 
B
, 
vs
. 
C
 ×
 N

oi
se

 [
N
oi
se

 v
s.
 N

o 
N
oi
se

]
7.
29

[0
.8
1,
 1
3.
77

]
.0
27

14
.2
9

[1
0.
61

, 
17

.9
8]

<
 .
00

1 
D
ev

ic
e 
vs
. 
N
o 
D
ev

ic
e 
×
 N

oi
se

 [
N
oi
se

 v
s.
 N

o 
N
oi
se

]
−1

.8
2

[−
6.
13

, 
2.
48

]
.4
07

−7
.8
2

[−
10

.3
1,
 −
5.
33

]
<
 .
00

1 

D
ev

ic
e 
A
 v
s.
 B

 ×
 S
en

te
nc

e 
le
ng

th
0.
58

[−
0.
35

, 
1.
51

]
.2
19

−0
.2
7

[−
0.
79

, 
0.
25

]
.3
10

 

D
ev

ic
e 
A
, 
B
, 
vs
. 
C
 ×
 S
en

te
nc

e 
le
ng

th
0.
10

[−
0.
42

, 
0.
63

]
.6
99

0.
19

[−
0.
11

, 
0.
49

]
.2
10

 

D
ev

ic
e 
vs
. 
N
o 
D
ev

ic
e 
×
 n
 w

or
d
s 
se

nt
en

ce
−0

.1
2

[−
0.
46

, 
0.
22

]
.4
82

−0
.0
1

[−
0.
21

, 
0.
18

]
.8
84

 

N
oi
se

 [
N
oi
se

 v
s.
 N

o 
N
oi
se

] 
×
 S
en

te
nc

e 
le
ng

th
0.
06

[−
0.
84

, 
0.
96

]
.8
95

0.
16

[−
0.
35

, 
0.
68

]
.5
29

 

(D
ev

ic
e 
A
 v
s.
 B

 ×
 N

oi
se

 [
N
oi
se

 v
s.
 N

o 
N
oi
se

]) 
×
 S
en

te
nc

e 
le
ng

th
−0

.4
8

[−
1.
78

, 
0.
82

]
.4
68

0.
58

[−
0.
16

, 
1.
32

]
.1
25

 

(D
ev

ic
e 
A
, 
B
, 
vs
. 
C
 ×
 N

oi
se

 [
N
oi
se

 v
s.
 N

o 
N
oi
se

]) 
×
 S
en

te
nc

e 
le
ng

th
−0

.3
9

[−
1.
15

, 
0.
37

]
.3
17

−0
.2
9

[−
0.
72

, 
0.
14

]
.1
90

 

(D
ev

ic
e 
vs
. 
N
o 
D
ev

ic
e 
×
 N

oi
se

 [
N
oi
se

 v
s.
 N

o 
N
oi
se

]) 
×
 S
en

te
nc

e 
le
ng

th
−0

.0
7

[−
0.
55

, 
0.
41

]
.7
82

0.
11

[−
0.
16

, 
0.
39

]
.4
22

 

R
an

d
om

 e
ff
ec

ts
 

σ2
 

43
7.
03

61
8.
42

 

τ 0
0

46
4.
44

 p
a
rt
ic
ip
a
n
t.
st
d

22
.1
2 

o
rd
e
r_
n
 

4.
07

 u
tt
e
ra
n
c
e
ID

54
6.
26

 p
a
rt
ic
ip
a
n
t.
st
d
 

15
.4
6 

lis
te
n
e
r.
st
d
 

IC
C

0.
52

0.
49

 

N
21

 p
a
rt
ic
ip
a
n
t.
st
d

21
 p

a
rt
ic
ip
a
n
t.
st
d
 

14
 u
tt
e
ra
n
c
e
ID

4 
lis
te
n
e
r.
st
d
 

91
 o

rd
e
r_
n
 

O
bs

er
va

tio
ns

87
0

3,
85

5 

M
ar
gi
na

l R
2
 /C

on
d
iti
on

al
 R

2
 

0.
12

0/
0.
57

5
0.
29

6/
0.
63

8 

N
ot
e.
 

E
st
im

at
es

 r
ef
le
ct
 %

 c
or
re
ct
 i
nt
el
lig

ib
ili
ty
 s
co

re
s 
fo
r 
fa
m
ili
ar
 p
rim

ar
y 
co

m
m
un

ic
at
io
n 
p
ar
tn
er
 l
is
te
ne

rs
 (
le
ft
) 
an

d
 n
ai
ve

 l
is
te
ne

rs
 (
rig

ht
). 
B
ol
d
ed

 v
al
ue

s 
re
fle

ct
 

p
 v
al
ue

s 
le
ss
 t
ha

n 
.0
5.
 C

I 
=
 c
on

fid
en

ce
 i
nt
er
va

l; 
D
ev

ic
e 
A
 =
 p
or
ta
b
le
 b
el
t-
p
ac

k 
am

p
lif
ic
at
io
n 
d
ev

ic
e;
 D

ev
ic
e 
B
 =
 s
ta
tio

na
ry
 w

ire
le
ss
 a
m
p
lif
ic
at
io
n 
d
ev

ic
e;
 D

ev
ic
e 

C
 =
 o
ne

-w
ay

 p
er
so

na
l c

om
m
un

ic
at
io
n 
sy
st
em

; 
IC
C
 =
 in

tr
ac

la
ss
 c
or
re
la
tio

n 
co

ef
fic

ie
nt
.

1134 American Journal of Speech-Language Pathology Vol. 35 1119–1135 May 2026



A
p
p
en

d
ix

(p
.
2
of

2)

M
od

el
O
ut
p
ut

an
d
P
ai
rw

is
e
C
om

p
ar
is
on

s

Knowles et al.: Speech Amplification in Spontaneous Speech 1135

T
ab

le
 A

2.
 P
ai
rw

is
e 
co

m
p
ar
is
on

s 
b
et
w
ee

n 
d
ev

ic
es

 f
or
 t
he

 f
am

ili
ar
 p

rim
ar
y 
co

m
m
un

ic
at
io
n 
p
ar
tn
er
 l
is
te
ne

rs
 (
le
ft
) 
an

d
 u
nf
am

ili
ar
 n
ai
ve

 l
is
te
ne

rs
 (
rig

ht
) 
m
od

el
s 
fo
r 

sp
on

ta
ne

ou
s 
sp

ee
ch

 in
te
lli
gi
b
ili
ty
. 

Fa
m
ili
ar
 p
ri
m
ar
y 
co

m
m
un

ic
at
io
n 
p
ar
tn
er
 li
st
en

er
s

U
nf
am

ili
ar
 n
ai
ve

 li
st
en

er
s 

D
ev

ic
e 
co

nt
ra
st

N
o
is
e

E
st
im

at
e 
(%

 w
o
rd
s 
co

rr
ec

t)
S
E

t 
ra
ti
o

p
 v
al
ue

E
st
im

at
e 
(%

 w
o
rd
s 
co

rr
ec

t)
S
E

t 
ra
ti
o

p
 v
al
ue

 

A
-
B

N
o 
N
oi
se

0.
29

6
2.
83

1
0.
10

4
>
 .
99

9
7.
06

2
1.
64

5
4.
29

3
<
 .
00

1 

A
-
C

N
o 
N
oi
se

−1
.4
01

2.
85

9
−0

.4
90

.9
61

0.
31

3
1.
68

1
0.
18

6
.9
98

 

A
-
N
o 
D
ev

ic
e

N
o 
N
oi
se

5.
32

8
2.
82

7
1.
88

4
.2
35

12
.9
90

1.
66

6
7.
79

7
<
 .
00

1 

B
-
C

N
o 
N
oi
se

−1
.6
97

2.
89

9
−0

.5
85

.9
37

−6
.7
50

1.
71

8
−3

.9
29

.0
01

 

B
-
N
o 
D
ev

ic
e

N
o 
N
oi
se

5.
03

2
2.
88

0
1.
74

7
.3

5.
92

8
1.
70

9
3.
46

8
.0
03

 

C
-
N
o 
D
ev

ic
e

N
o 
N
oi
se

6.
72

9
2.
87

2
2.
34

3
.0
89

12
.6
78

1.
72

6
7.
34

4
<
 .
00

1 

A
-
B

N
oi
se

−5
.5
72

2.
86

4
−1

.9
45

.2
1

0.
96

3
1.
70

6
0.
56

4
.9
43

 

A
-
C

N
oi
se

−1
6.
63

3
2.
90

4
−5

.7
28

<
 .
00

1
−3

8.
51

9
1.
71

0
−2

2.
52

2
<
 .
00

1 

A
-
N
o 
D
ev

ic
e

N
oi
se

7.
81

7
2.
89

2
2.
70

3
.0
35

25
.5
64

1.
70

8
14

.9
67

<
 .
00

1 

B
-
C

N
oi
se

−1
1.
06

1
2.
88

4
−3

.8
36

.0
01

−3
9.
48

1
1.
68

0
−2

3.
50

7
<
 .
00

1 

B
-
N
o 
D
ev

ic
e

N
oi
se

13
.3
89

2.
86

9
4.
66

7
<
 .
00

1
24

.6
01

1.
68

2
14

.6
24

<
 .
00

1 

C
-
N
o 
D
ev

ic
e

N
oi
se

24
.4
50

2.
89

6
8.
44

4
<
 .
00

1
64

.0
82

1.
71

1
37

.4
63

<
 .
00

1 

N
ot
e.
 

E
st
im

at
es

 r
ef
le
ct
 d
iff
er
en

ce
s 
in
 %

 w
or
d
s 
co

rr
ec

t.
 D

ev
ic
e 
A
 =
 p
or
ta
b
le
 b
el
t-
p
ac

k 
am

p
lif
ic
at
io
n 
d
ev

ic
e;
 D

ev
ic
e 
B
 =
 s
ta
tio

na
ry
 w

ire
le
ss
 a
m
p
lif
ic
at
io
n 
d
ev

ic
e;
 

D
ev

ic
e 
C
 =
 o
ne

-w
ay

 p
er
so

na
l c

om
m
un

ic
at
io
n 
sy
st
em

.



Copyright of American Journal of Speech-Language Pathology is the property of American
Speech-Language-Hearing Association and its content may not be copied or emailed to
multiple sites without the copyright holder's express written permission. Additionally, content
may not be used with any artificial intelligence tools or machine learning technologies.
However, users may print, download, or email articles for individual use.


