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A Comparison of Speech Amplification
and Personal Communication Devices
for Hypophonia

Thea Knowles,?

Scott G. Adams,”° Allyson Page,”°

Daryn Cushnie-Sparrow,”°® and Mandar Jog“

Purpose: This study compared the performance of three
amplification devices hypothesized to improve speech
communication in individuals with hypophonia (HP), as
well as to identify individuals’ device preferences.
Method: Twenty-two individuals with HP and their primary
communication partners participated in a cross-over design
study comparing three different speech amplification
devices: a wired portable amplifier (Device A), a wireless
stationary amplifier (Device B), and a one-way personal
communication system (Device C). Participants attended
one laboratory visit followed by 1-week trial periods with
each device. At the first visit, HP participants completed
speech tasks with and without the devices, in quiet and in
noise. Following the in-laboratory test period, participants
trialed each device at home for approximately 1 week per
device. Following completion of the study, participants
indicated whether or not they would like to continue using
a device.

Results: Overall, in the presence of noise, all three devices
demonstrated significant improvements in speech-to-noise

levels and speech intelligibility compared to no device.

A clear device hierarchy emerged such that the personal
communication device (Device C) was associated with
significantly better speech outcomes compared to the
other two devices. The majority of participants elected to
continue using a device at the completion of the study.
Device preferences, however, did not clearly reflect the
objective device hierarchy that was found for the objective
speech measures. Each of the three devices was selected
as a preferred device by at least three participants at the
completion of the study.

Conclusion: Results from this study demonstrated clear
differences in device performance in three distinct forms
of amplification devices for individuals with HP. Findings
suggest that amplification device use may be beneficial for
this clinical population and underscore the potential to
improve device availability and device selection criteria in
future research.

Supplemental Material: https://doi.org/10.23641/asha.
12735875

ypophonia, an overall reduction in speech inten-
sity, is one of the most prevalent and distinctive
speech impairments associated with Parkinson’s

disease (PD; Darley et al., 1975). Hypophonia is often pres-
ent even in early stages of the disease (Logemann et al.,
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1978) and has been reported to be perceptually detectable
in up to 65.5% of individuals with PD (Gamboa et al.,
1997; Ho et al., 1998; Ludlow & Bassich, 1984). Adams
and Dykstra (2009) suggested that these proportions may
underestimate the actual prevalence of individuals with
PD and hypophonia, given that studies have shown that
formal speech testing may be less sensitive to speech impair-
ments in people with PD (Bunton, 2008; Ho et al., 1999;
Sidtis et al., 2012).

Hypophonia hinders oral communication across
acoustic, perceptual, and participatory domains (Adams &
Dykstra, 2009). Acoustic speech studies have reported indi-
viduals with PD speak at intensity levels at an average of
2-4 dB SPL below age-matched healthy control participants
in controlled laboratory-based speech tasks (Adams et al.,
2010; Fox & Ramig, 1997) and up to 5 dB SPL lower in
the context of background noise (Dykstra et al., 2012) and
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in conversation (Dykstra et al., 2015). In daily life (i.e., not
in a controlled laboratory setting), people with PD have
been reported to speak approximately 7-8 dB SPL lower
than healthy controls (Gustafsson et al., 2019). A metric of
speech intensity that considers its relationship to the level
of background noise is speech-to-noise ratio (SNR; Kryter,
1994)." SNR is an acoustic measure that may be more
directly related to speech intelligibility (i.e., the extent to
which a speech signal is recovered by a typical listener;
Kent et al., 1989; Miller, 2013; Weismer, 2008). SNR is
calculated as the background noise intensity level subtracted
from the speech intensity level (DeBonis & Donohue, 2008).
Small positive or negative SNR values indicate that the
background noise is of near-equal levels to that of the
speaker, making the task of the listener to detect, process,
and understand the speech signal substantially more diffi-
cult. By definition, then, individuals with hypophonia with
demonstrated reductions in speech intensity may demon-
strate associated reductions in SNR compared to healthy
talkers in the same situations. Adams et al. (2008) reported
that SNR levels below 1.8 were associated with sentence
intelligibility of 50% or less, whereas SNR levels between
5 and 7 dB SPL were associated with sentence intelligibility
of approximately 80% for both individuals with and with-
out hypophonia. Furthermore, there is evidence to suggest
that individuals with PD and hypophonia demonstrate an
impaired ability to perceive the reduced loudness in their own
voice, possibly due to deficits in sensorimotor integration
(Adams et al., 2010; Clark et al., 2014; Ho et al., 1999, 2000).
In the presence of background noise, lower speech
intensity associated with hypophonia may be more pro-
nounced. Most healthy individuals demonstrate a tendency
to increase their speech intensity in the presence of back-
ground noise that exceeds 50 dB SPL, a phenomenon known
as the Lombard effect (Lane & Tranel, 1971). The Lombard
effect is a compensatory response that may help to main-
tain positive SNR levels in noisy environments (Pick et al.,
1989). Individuals with PD also demonstrate the Lombard
response in noise (Adams & Lang, 1992; Adams et al.,
2005; Stathopoulos et al., 2014), though it is attenuated
compared to that of healthy controls (Adams et al., 2005).
While SNR and speech intelligibility tend to decrease even
for healthy talkers as background noise levels increase, this
effect is more detrimental for people with hypophonia who
already demonstrate lower speech intensity and intelligi-
bility baselines (Adams et al., 2008; Dykstra et al., 2012).
An estimated 65%-70% of people with PD demon-
strate lower speech intelligibility compared to healthy age-
matched control talkers (Coates & Bakheit, 1997; Miller
et al., 2007). Individuals with PD also demonstrate further
detriment in speech production with disease progression (Ash
et al., 2017; Skodda et al., 2013). Reduced speech intelligi-
bility in this population is likely affected by a combination

!“Speech-to-noise ratio” should be distinguished from the measure of
signal-to-noise ratio, which is a measure of noise present in the speech
signal itself (Kent et al., 1997).

of speech symptoms, rather than exclusively related to re-
duced speech intensity. Speech intelligibility is impaired at
both sentence and conversational levels for individuals with
hypophonia (Dykstra et al., 2015; Miller, 2012; Sidtis et al.,
2012) and decreases as background noise levels increase
(Adams et al., 2008). People with hypophonia also demon-
strate reduced communicative effectiveness in various ad-
verse communication settings (e.g., at a distance, in a noisy
situation; Dykstra et al., 2015). Primary communication
partners (CPs) of these individuals (e.g., family members)
also report similar difficulties when asked to rate commu-
nication effectiveness of their partners with hypophonia
(Dykstra et al., 2015).

Interventions for Hypophonia

Evidence-based behavioral interventions exist that
are specifically designed to increase speech intensity in in-
dividuals with PD (e.g., the Lee Silverman Voice Treatment
program; Ramig et al., 2004). The predominant criticism
of behavioral treatments for hypophonia is the concern
that improvements in speech intensity may not transfer be-
yond the clinical setting because deficits related to cogni-
tion, sensorimotor integration, and motor learning may
inhibit the incorporation of new speech strategies into ha-
bitual speech (Adams & Dykstra, 2009; Olson et al., 2019;
Scott & Caird, 1983). Furthermore, individuals who show
attenuated treatment responses or are less successful in
maintaining their gains from therapy may be left without
a viable option to remediate the consequences of their low
speech intensity.

The use of an augmentative device to amplify the
speech signal is a potential solution to this problem (Andreetta
et al., 2016; Greene et al., 1972). Speech amplification de-
vices have been recommended for individuals with reduced
loudness and sufficient articulatory abilities, that is, not
limited to individuals with hypophonia secondary to PD
(Spencer et al., 2003). Despite the availability of a broad
range of devices, however, only one published study to date
has examined differences in device efficacy for hypophonia
(Andreetta et al., 2016), and none has investigated long-term
amplification device use (Bertrand, 2009).

Speech amplification devices designed for clinical use
in treating or preventing speech and voice disorders may
be broadly classified into two types: wired portable and
wireless stationary. Both types minimally consist of a micro-
phone and sound field speaker. Wired, portable devices
typically involve a speaker system that is able to be worn
on the body, for example, belted around the waist, clipped
to a pocket, or worn on a lanyard. Attached to this porta-
ble amplifier is a headset or lavalier microphone that is
worn by the user. Wireless amplifiers also include a micro-
phone attached to a small, body-worn unit that transmits
the speech signal wirelessly to an audio speaker located up
to several meters away from the talker (i.e., like a portable
public address system).

A third type of device similar to the amplification de-
vices described above is a wireless personal communication
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system. These types of devices have been used by individ-
uals with hearing impairments (Harkins & Tucker, 2007,
Laplante-Lévesque et al., 2010) but have not previously
been reported for use with speech disorders. Personal com-
munication systems are typically wireless and transmit the
audio signal over a frequency modulation (FM) or very
high frequency (VHF) channel. These systems, such as the
wireless amplifiers, typically include a small, body-worn
transmitter. Unlike the amplifiers, personal communication
systems are designed to transmit the signal to a small re-
ceiver designed to be worn with headphones, typically worn
by the person with hearing loss.

Conceptually, personal communication systems could
be a viable option for individuals with hypophonia, if their
standard use were modified. For example, an individual,
regardless of their own hearing status, who wished to com-
municate with a person with hypophonia could wear the
receiver and headphones while the individual with the speech
impairment wore the transmitter and microphone. While
personal communication systems are often also able to trans-
mit to loud speakers, similar to the wireless amplifiers de-
scribed above, studies have shown a clear advantage of
the use of headphones in terms of SNRs (Crandell et al.,
2001; Nab lek et al., 1986).

Regardless of the type of device, the purpose of an
amplification system is to increase the intensity of the speech
signal. In the case of individuals with reduced speech inten-
sity, this serves to compensate for their impaired communi-
cation without requiring any behavioral adjustments.

Previous Comparison of Amplification Devices

Andreetta et al. (2016) compared the effectiveness of
seven speech amplification devices for 11 people with PD
and hypophonia. Efficacy measures included acoustic and
perceptual measures as well as user experience ratings of
the devices trialed. Overall, compared to unamplified speech,
the authors found that the use of an amplification device
was associated with an increase in SNR of approximately
1-5 dB SPL and an increase in conversational intelligibility
scores ranging from 14% to 59%.

Across the seven devices, a series of hierarchical
trends emerged. Regarding the user experience ratings, the
Chattervox, a portable belt-pack amplifier, was rated by
the users as having the best amplification power and sound
quality. The Spokeman, the smallest of the portable ampli-
fiers (both in dimensions and in weight), was rated as being
the highest in physical comfort, appearance, and overall
preference. Compared to the other device conditions, the
BoomVox, a large, wireless stationary amplifier, was signif-
icantly associated with the highest intensity and SNR levels,
as well as the highest conversational speech intelligibility
visual analog scale ratings for most device comparisons.

Based on their results, Andreetta et al. (2016) put
forth a tentative recommendation regarding speech ampli-
fier device selection for individuals with PD and hypo-
phonia. The BoomVox was the highest recommended device
of the group of seven due to its performance on objective

acoustic and perceptual measures of efficacy (SNR, inten-
sity, intelligibility). The Chattervox was the second high-
est recommended device due to its overall performance
in relation to the other devices as well as its portability.
The Oticon Amigo, a wireless FM speaker system designed
to be used by individuals with hearing loss, was the third
highest recommended device due to its relative perfor-
mance and portability. The Spokeman, the smallest of
the portable wired amplification devices, was the fourth
highest recommended. Although the Spokeman obtained
the highest user preference ratings, likely due to its size and
portability, it performed more poorly on the more objec-
tive speech outcome measures.

Purpose of This Study

The primary purpose of this study was to conduct a
more in-depth comparison of speech amplification devices
similar to those recommended by Andreetta et al. (2016),
as well as to evaluate the use of a wireless personal com-
munication device for people with hypophonia. To this
end, measures of device performance and user preference
were of interest, and both highly controlled and more
naturalistic settings were employed. Specifically, device
performance was measured by examining SNR and speech
intelligibility in quiet and in noise for each of the three
devices as well as without any device in a series of labora-
tory speech tasks. Speech intelligibility scores were pro-
vided by both familiar and nonfamiliar listeners. Device
preferences of individuals with hypophonia and their CPs
were measured through the use of device-related question-
naires, both in the laboratory setting as well as following
more naturalistic trial periods with each of the devices.
The overarching goal was to provide more specific recom-
mendations for the use of amplification devices for this
population.

Four research questions (RQs) were of interest:

1. What differences in the acoustic metric of SNR exist
across the device conditions, and how are these im-
pacted by the presence of background noise?

2. How do familiar and naive listener sentence intel-
ligibility scores differ across the device and noise
conditions?

3. How do device user experience preferences differ

across device conditions at two time points (imme-
diately after and following the 1-week trial period),
and how do these preferences differ for the individ-
uals with hypophonia versus for their CPs?

4. Following a trial period, do individuals with hypo-
phonia wish to continue using an amplification device
and, if so, which one do they choose?

Method

The proposed study employed a clinical cross-over
design to compare three types of amplification devices that
could be used by individuals with communication disorders:
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(a) a wired belt-pack voice amplifier (Device A), (b) a wire-
less personal amplifier (Device B), and (c) a wireless per-
sonal communication system (Device C). Human Subjects
Research Ethics Board Western University approved this
study, and it was registered as a clinical trial (ClinicalTrials.
gov Identifier: NCT02407067).

Participants

Three groups participated in this study: a group of
individuals with hypophonia, their CPs, and a group of
naive listener participants. Participant demographics for
the hypophonia group (HP) is presented in Table 1 below.
The primary group included 22 individuals with hypophonia
(four women, 18 men; age range: 54-88 years; herein re-
ferred to as the HP group) recruited from the Movement
Disorders Clinic at University Hospital in London, Ontario,
Canada. Of these individuals, 20 had a primary diagnosis
of idiopathic PD confirmed by their primary neurologist
(author M. J.). One individual had a primary diagnosis of
multiple systems atrophy-predominant cerebellar ataxia,
and one had a diagnosis of possible parkinsonism. All indi-
viduals presented with symptoms of hypophonia as identi-
fied by their primary neurologist.

Inclusion criteria for the HP group included that they
(a) had received their neurological diagnosis at least 6 months
prior to testing, (b) exhibited mild-to-moderate hypopho-
nia (as rated by an experienced speech-language patholo-
gist [SLP], S. A.), (c) were at least 50 years of age, (d) had
no history of other neurological or voice disorders,” and
(e) were otherwise in good general health. All participants
with PD were stabilized on antiparkinsonian medication,
with the exception of one participant (HP13), who had re-
cently adjusted his medication regimen. Levodopa equivalent
dose calculations were performed as per Tomlinson et al.
(2010). Seven HP participants had received deep brain stim-
ulation (DBS) surgery of the subthalamic nucleus as an
adjunctive intervention to treat the symptoms of PD. Eight
had previously received speech therapy to address speech
concerns related to PD. While details of previous speech
therapy were not elicited, most participants confirmed that
their therapy had involved treatment involving loud speech
production.® Hearing and cognitive status were screened
but were not exclusion criteria. Hearing screenings were
done at a 40-dB HL threshold at 500 Hz, 1 kHz, 2 kHz,

2One participant, HP21, did report a history of developmental stuttering
that had worsened since the onset of PD.

3Two participants, HP03 and HP12, reported that they had completed
the Lee Silverman Voice Treatment program; most participants were
unable to recall more specific details about the speech therapy they had
received.

“In most cases, screenings were completed at Visit 2. Therefore, only
participants who completed at least one device trial periods had their
hearing screened. HPO5 and HP15 did not complete the hearing
screenings because they withdrew from the study after Visit 1 (HP20
withdrew after Visit 2; hence, hearing screening is available for him).
HP09 and HP10 did not complete the hearing screening due to
declining health at subsequent visits.

and 4 kHz, and failing the screening was not an exclusion
criterion. Eight HP participants passed the hearing screening,
10 failed at one or more frequencies, and hearing screen-
ings were not available for four participants.* Cognitive
status was not an exclusion criterion, though cognition was
screened using the Montreal Cognitive Assessment (MoCA;
Nasreddine et al., 2005).

The second group of participants involved individ-
uals who identified as being a “CP” to the HP participants
(n = 22, 18 women, four men; age range: 54-79 years). The
role of the CP participants was to act as a familiar lis-
tener during the speech production experiment and to pro-
vide device ratings alongside their partner throughout the
trial periods. Prior to study enrolment, each potential
HP participant was instructed to select someone in their
daily life with whom they spoke regularly to accompany
them to all study visits.” In 21 cases, this was a spouse. In
one case (CP13), it was an adult child. In order not to re-
strict the CP selection appropriate for the HP participants,
the only inclusion criteria for the CP group included that
they were between 18 and 85 years of age. Hearing screen-
ings for the CP group were completed at Visit 2. Five CP
participants (CP04, CP07, CP10, CP17, CP21) did not pass
the 40-dB hearing screening and did not wear hearing
aids. Two CP participants (CP06 and CP14) did have
hearing aids. CP hearing information is not available for
the two participants (CP05 and CP15) who withdrew from
the study after Visit 1.

The third group of participants included four (two
female, two male) naive listeners recruited to listen and
transcribe recordings made from the speech production
study later on. These participants were graduate students
in speech-language pathology or audiology and were not
involved in any other aspect of the study. All were native
speakers of English, and all but one passed a 20-dB HL
hearing screening.® Previous studies of disordered speech
perception have used comparably small listener groups
(Adams et al., 2008; Dromey, 2003; Dykstra et al., 2012,
2015; Moreau et al., 2011; Tanaka et al., 2016; Tripoliti
et al., 2014). Listener groups of this size (and smaller) have
also been shown to offer reliable estimates of intelligibility
(Abur et al., 2019).

Devices

Four device conditions were included in the protocol:
three devices consistent with those recommended from the
results of Andreetta et al. (2016; referred to as Devices A,
B, and C, described in more detail below) and a “no device”

During the recruitment period, participants with HP were informed
that, if they could not identify a partner they felt comfortable bringing
in, a graduate student researcher from the university would stand in
as a conversation partner. This was proposed in order to ensure that all
individuals who were contacted would have the opportunity to participate
regardless of their social network. All HP participants, however, were
able to bring in a primary CP from their daily life.

®One listener passed at 25 dB HL.
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Table 1. Participant demographics for the hypophonia (HP) group.

Years since UPDRS- Hearing CP hearing
Participant Sex Age LED Diagnosis diagnosis DBS UPDRS Speech MoCA  screening screening
HPO1 m 75 750 PD 9 No 40 3 16 Fail Pass
HP02 m 54 0 PD 7 Yes 31 3 22 Fail Pass
HPO3 m 75 750 PD 8 No 49 2 23 Fail Pass
HP04 f 78 800 PD 14 No 35 2 20 Fail Fail
HPO5 m 69 1250 PD 11 No 43 2 13 NA NA
HP06 m 67 550 PD 21 Yes 29 3 22 Fail Hearing aids
HPO7 f 72 0 PD 16 Yes 30 1 26 Pass Fail
HPO08 m 65 1200 PD 15 No 20 1 21 Pass Pass
HP09 m 79 800 PD 8 No 50 3 19 NA Pass
HP10 m 75 2000 PD 20 No 45 2 NA NA Fail
HP11 m 72 NA PD 11 Yes NA NA 20 Pass Pass
HP12 m 59 400 PD 10 Yes 37 2 24 Pass Pass
HP13 m 71 400 PD 0.5 No 31 1 22 Fail Pass
HP14 f 67 600 PD 31 Yes 43 2 19 Fail Hearing aids
HP15 m 88 1000 PD 18 No 23 2 14 NA NA
HP16 m 70 100 PD 17 Yes 18 2 23 Fail Pass
HP17 m 71 0 MSA-C 5 No 23 2 27 Fail Fail
HP18 m 72 820 PD 2 No 45 3 25 Fail Pass
HP19 m 59 1350 MSA-P 8 No 52 3 26 Pass Pass
HP20 m 65 1200 PD 15 No 4 2 18 Pass Pass
HP21 m 60 610 PD 12 No 17 2 29 Pass Fail
HP22 f 68 750 PD 15 Yes 36 1 25 Pass Pass
Note. LED = levodopa equivalence dosage; DBS = deep brain stimulation; UPDRS = Unified Parkinson’s Disease Rating Scale; UPDRS-

Speech = speech item score from the UPDRS; MoCA = Montreal Cognitive Assessment; CP = communication partner; m = male; PD =
Parkinson’s disease; f = female; NA = not applicable; MSA-C = multiple systems atrophy cerebellar type; MSA-P = multiple systems atrophy

Parkinsonian type.

(ND) condition. The three devices were expected to capture

an array of device styles and capabilities and anticipated

to appeal differently to each participant dyad depending on

various factors including their speech symptoms, communi-
cation needs, and lifestyle.

Device A is a portable wired belt-pack speech am-
plifier (Chattervox). The intended setup for this amplifica-
tion device is as follows. The talker wears a lightweight,
headset microphone (included with the Chattervox device)
connected to an external speaker worn as a belt back.

Device B is similar to the BoomVox in form and
function (Nady WA120BT), consisting of a lightweight,
wireless headset microphone (Nady HM20) that transmits
wirelessly over a VHF channel to a larger, stationary speaker
that projects the speech from up to several meters away
from the talker. The external speaker is 8.3 x 10.6 x 5.4 in.,
weighs 2.4 kg, and has multiple possible audio adjustments,
including volume, echo, treble, and bass.

Device C (Nady 351VR) is similar to the Phonic
Ear Easy Listener body-worn FM system previously tested
for use with individuals with hearing loss (Crandell et al.,
2001). As mentioned earlier, personal communication
systems have not previously been tested for people with
hypophonia. A lightweight, headset microphone (Nady
HM?20) worn by the talker transmits the speech wirelessly
to a pocket-sized VHF receiver, which is then amplified
through headphones worn by the listener. Devices similar
to Device C have been used with individuals with hearing
loss (e.g., Easy Listener), but there are no reports of their

Knowles et al.: Speech Ampilification Devices for Hypophonia

use in PD. In this study, the HP participants wore the mi-
crophone, and the CP participants wore the headphones.

Protocol

The study consisted of three stages: two stages com-
pleted by the HP and CP participant dyads (Stages 1 and 2)
and a final stage completed by the naive listeners (Stage 3).
HP and CP participants completed two stages of the study
over four visits, described in greater detail below. Briefly,
Stage 1 consisted of one visit at the laboratory (Visit 1),
which involved administration and recording of the speech
stimuli as well as a brief trial period with each of the three
devices. Stage 2 involved three visits (Visits 2-4). Partici-
pant dyads were given each device for 1 week at a time to
try at home. Following these longer home trial periods, they
would either return to the laboratory or the researcher (T. K.)
would visit them in their homes to discuss the trial period
and to complete a battery of questionnaires related to its
impact on their communication and their preferences.

Stage 1: In-Laboratory Speech Tasks

At the first visit (Stage 1), the HP participants com-
pleted baseline speech tasks followed by experimental speech
tasks below in each of the four device and two noise condi-
tions, described below. The CP participants served as listeners
for these tasks. All 22 participant dyads completed Stage 1.

Physical setup. In the laboratory, the HP and CP
participants were seated 2 m apart and were facing each
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other. HP participants wore a headset condenser micro-
phone to record the speech stimuli (AKG ¢520). When a
device was in use, the HP participants additionally wore
the headset microphone associated with each device. A sec-
ond recording microphone (Shure SM48) was positioned
next to the CP participant at the 2-m distance from the
talker. Two external audio speakers positioned at a 2-m
distance from the talkers provided multitalker background
noise for a subset of the conditions. The CP participants
wore a lavalier microphone that was not used for acoustic
analyses but was used to facilitate transcription of their
utterances.

Speech tasks. For each condition, HP participants
read aloud six randomly selected sentences (two each of
five-, six-, and seven-word lengths) from the Sentence
Intelligibility Test (SIT; Yorkston et al., 1996). Immedi-
ately following each sentence, the CP participants were
instructed to repeat aloud what they heard their partner
say. If they only heard part of the utterance, they were
asked to repeat anything they did hear. If they were
completely unsure, they were asked to verbally indicate
this to facilitate transcription later. As part of a larger pro-
tocol, HP participants also verbally described pictures to
their CPs. This picture description task will not be reported
in this article.

HP09 and HP10 had difficulty completing the speech
tasks due to attention and vision challenges, respectively.
Data from HP09 were excluded from both the SNR and
intelligibility analyses. HP10, who was able to complete a
modified version of the sentence reading task in which he
repeated the examiner, was included in the SNR analyses
but excluded from the intelligibility analyses. HP05 and
HP15 dropped out of the study after Visit 1 and were ex-
cluded for the intelligibility tasks.

Conditions. Eight conditions were included: four de-
vice conditions (ND, Device A, Device B, Device C) and
two noise conditions (no noise [NN] and multitalker noise
[MN]). The MN condition involved playing a recording of
multitalker babble (Audiotech, four talker noise) at a level
of 65 dB SPL measured at the 2-m distance from the talker
and next to the CP participant. The ND condition was al-
ways elicited first, followed by a random ordering of the
three device conditions. Within each device condition, the
NN condition was always elicited first, and the sentence
reading task was always elicited before the picture descrip-
tion task.

During the Device A and B conditions, the device
volume was turned up as high as possible before device feed-
back was perceived by the investigators (i.e., gain-before-
feedback level). While the final volumes likely varied slightly
across participants, device and participant positioning were
arranged as consistently as possible to mitigate this. Other
possible settings (such as “echo” for Device B) were not
activated. The belt-pack amplifier of Device A was posi-
tioned on the lap of the HP participant, and the stationary
amplifier of Device B was situated on the floor next to their
chair, facing the CP participant. During the Device C con-
dition, the CP was instructed to adjust the volume of the

receiver to a comfortable listening level while their part-
ner counted from one to 20. A second receiver set to a
constant volume was set up to record the speech in order
to account for differences in CP participants’ volume pref-
erences. This constant volume was set by the first author
(T. K.) before the study began and corresponded to a com-
fortable listening level of the speech of a healthy male
talker (S. A.).

Three audio inputs were recorded, with recording
input gain set to constant levels for the entire experiment:
(a) the audio from the primary headset microphone worn
by the HP participant; (b) the 2-m microphone; and (c) in
the case of Device C, the audio from a secondary receiver
on the same VHF channel, set to a constant volume for
all participants. These latter two recordings were intended
to capture the auditory experience of the CP participant
and would be played to the naive listeners later. It is imper-
ative to note that, while the CP controlled the listening
volume of Device C, the actual recordings of the receiver
input used a constant volume (which had been previously
set to a comfortable listening level by the researchers) in
order to standardize the eventual presentation of audio
stimuli to the naive listeners.

Device ratings. Following each device condition, both
the HP and the CP participants filled out a brief device
user experience questionnaire (Andreetta et al., 2016;
see Appendix) in which they were asked to rate various
aspects of the device using a 100-mm visual analogue
scale. This questionnaire contained five questions, includ-
ing “Overall, is this a device you would prefer to use?”
The HP participants were instructed to complete the ques-
tionnaire from their own perspective, whereas the CP par-
ticipants were instructed to complete the questionnaires
in terms of how they perceived their partner.

Stage 2: At-Home Device Trials

At the end of Visit 1, one of the three devices was
randomly selected to be trialed first. Participants were told
that they would be given the opportunity to try out each
device. They were instructed on the basic elements of use
for the device they would trial and were given a Device
Diary to help them keep track of when they used the de-
vice, the context in which they used it, and any notes they
would like to keep. This Device Diary was optional. Par-
ticipants were instructed to try to use the device at least
twice during the week and in more than one setting with
more than one person, if possible.

Following the completion of the first 1-week trial
period, the participant dyads met with the researcher for
three subsequent visits (one visit following each 1-week
device trial period), each approximately 1 week apart. These
visits lasted approximately 1 hr in length and included an
informal discussion of the trial period and a battery of ques-
tionnaires related to communication and device preferences.
Both the HP participants and the CP participants completed
their own set of questionnaires as described in Stage 1. Criti-
cally, the Device Experience Questionnaire was completed
at each of these 1-week trial periods (i.e., for each device).
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Upon the completion of all three device trial periods,
the HP participants were given the option to continue using
an amplification device. If they consented, their primary
neurologist (M. J.) completed a prescription for the device
of their choice and signed an application for funding through
the Ontario Assistive Devices Program (OADP), which
covers up to 75% of the cost of assistive communication de-
vices up to $400 (CAD). An SLP with individual authorizer
status (S. A.) completed the funding application, which in-
cluded a recommendation for the amplification device the
participant had selected. The total cost for each device
after OADP funding was applied totaled approximately
$75-$125 (CAD). Additional costs not covered by OADP
included shipping and handling, as well as optional device
add-ons. If the participant dyads did not want to or could not
pay for the device, they were still given the opportunity to
continue trialing the device of their choosing, thus removing
a potential cost barrier (no participants chose this option).
Completing the study was not a prerequisite for seeking a
prescription or funding for a speech amplification device.

Nineteen participant dyads completed all device trial
sessions. Of these 19, one HP participant (HP09) demon-
strated a decline in functioning and was unable to actively
participate in the device trials. HP10 was unable to fill out
the questionnaires due to his vision difficulties mentioned
above, so only his partner’s ratings for this dyad are included
in the device preference ratings.

Stage 3: Naive Listener Intelligibility

Utterances recorded at Visit 1 were later segmented
and played to naive listeners via a custom Praat script
(Boersma & Weenink, 2011) written by the first author.
Utterances were presented at the natural sound pressure
level (SPL) at which they were recorded (i.e., not scaled).
Naive listeners attended approximately four self-paced visits
usually lasting between 1 and 2 hr each and spaced ap-
proximately a week apart. During these visits, listeners were
seated in a sound-treated booth (Industrial Acoustic Com-
pany) and heard stimuli presented on external speakers cali-
brated to 70 dB SPL.

Listeners heard four blocks (2 noise conditions and
two speech tasks): NN-SIT, MN-SIT, NN-Picture description,
MN-Picture description. Only the SIT tasks are described
here. Within each block, utterance order presentation was
fully randomized across participants and devices, and each
utterance was presented 2 consecutive times. A random
10% of utterances were repeated for reliability. Listeners
were instructed to transcribe (type) exactly what they heard
the talker say. If they were unsure, they were instructed to
write as much as they could understand or indicate that they
could understand nothing by typing “NA.”

Analyses

Primary analyses included acoustic, perceptual, and
device user experience metrics. To answer RQ 1, the acous-
tic SNR measure was calculated separately for each utter-
ance as the difference between the average intensity of the

speech signal and the intensity of the noise floor. Speech
was continuous and excluded silent periods of 250 ms or
greater, as was done by Andreetta et al. (2016). Average
noise floor levels were calculated for each condition by
measuring the intensity of the audio signal at approximately
three periods of time not punctuated by speech or other
background noise. SNR was calculated from the 2-m audio
recordings for all conditions except for Device C, which
used the receiver input recordings in order to more closely
replicate the listener’s experience (i.e., through headphones).

To answer RQ 2, two intelligibility metrics were
analyzed: familiar listener intelligibility and naive listener
intelligibility. Speech intelligibility was calculated as the
percentage of words per sentence correctly repeated by the
CP or correctly transcribed by the naive listener. Transcrip-
tion of the CP’s utterances to be used in the familiar lis-
tener intelligibility calculation was completed by the first
author using recordings from the 2-m microphone (which
was located next to the CP participant) or by consulting
the recording from the supplemental lavalier microphone.
All transcriptions were manually compared to the original
utterances produced by the HP participants. For all listener
transcriptions, contractions were counted as correct (e.g.,
no penalization if the target was “He is” and the CP said
“He’s”), and additions were not penalized so long as they
did not alter the pronunciation of the target word (e.g.,
“doing” would be counted as correct even if “do” was the
target, but “did” instead of “do” would be counted as
incorrect).

RQ 3 was addressed using two device user experience
rating time points for each participant group (HP and CP)
and for each device: immediately following the devices
in Stage 1 and following each 1-week trial period during
Stage 2. User experience was analyzed as the percentage
along the visual analogue scale for the question “Overall,
is this a device you would prefer to use?” with anchors
from low preference to high preference.

Finally, RQ 4 was answered at the conclusion of
Stage 2 by the participant dyads’ response to the question
“Do you wish to continue using a device” (yes/no) and,
if yes, state their device selection. In summary, the outcome
measures are reported in Table 2.

Statistical Analyses

The primary analyses for RQs 1-3 were modeled
using linear mixed-effects regression with the 1mer ()
function from the 1me4 package (Bates et al., 2015) in
R (R Core Team, 2018). Post hoc pairwise comparisons
were computed using the emmeans package (Lenth, 2018).
To address RQs 1 and 2, each of the three outcome mea-
sures were modeled as a function of device and noise con-
ditions. Each model is described below.

SNR. Fixed effects for the SNR model included de-
vice, noise, and their interaction. Device and noise were
coded using treatment contrasts with the baseline condition
as the reference level for each (i.e., ND and NN).
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Table 2. Summary of outcome measures.

Outcome Metric Stage RQ
1. SNR dB 1 1
2. Familiar listener intelligibility % words correct 1 2
3. Naive listener intelligibility % words correct 3 2
4. Device user experience ratings % along VAS at two time points 1and 2 3
6. Decision to continue using device Yes/no 2 4
7. Device selection Devices A, B, and C 2 4

Note. RQ = Research question; SNR = speech-to-noise ratio; VAS = Visual Analog Scale.

Random effects included by-participant random
intercepts and random slopes for device. This structure
accounts for the individual variability across the HP partic-
ipants and additionally accounts for differential effects of
each device on individual talkers’ SNR levels.

Intelligibility. Intelligibility was treated as a propor-
tion from 0 to 1 for both familiar and naive listener groups
and was logit-transformed. For both intelligibility models
(familiar and naive), fixed effects included device, noise,
and their interaction, as for the SNR model. Device and
noise were coded as above. Random effects included by-
participant random intercepts and random slopes for de-
vice, as well as by-sentence random intercepts.

Additionally, for the naive listener intelligibility model,
a by-listener random intercept was included to account for
baseline variability across listeners. This was not a rele-
vant concern for the familiar listener model, as each HP
talker had only one associated familiar listener (i.e., their
spouse). Listener inter- and intrareliability was calculated
using the intraclass correlation coefficient (ICC; Koo &
Li, 2016). Interrater reliability across the four listeners was
examined using average consistency in a two-way random
model (ICC 2, k). Intrarater reliability for each listener was
examined using average agreement in a two-way mixed
model (ICC 3, k).

Primary analyses of interest included (a) comparisons
between each device condition, within each noise condi-
tion, and (b) comparisons between noise conditions within
each device. To this end, post hoc pairwise comparisons
for all possible pairs were computed using estimated mar-
ginal means (i.e., least squares means) from the emmeans
R package (Lenth, 2018). P values calculated with emmeans
used the Kenward-Roger approximation and were ad-
justed using the Tukey post hoc method.

Device preferences. To address RQ 3, ratings were
logit-transformed and modeled first with fixed effects of
time, device, and group. The interaction between time and
device was added to this base model and compared using
a likelihood ratio test to determine whether the interaction
improved the model fit. A random by-dyad intercept was
included in the model. For example, HPO1 and CP0O1 were
participants from two distinct groups, but from the same
dyad (i.e., CP0O1 was the spouse of HPO1). Nineteen of the
22 dyads completed the at-home device trial periods. One
HP participant (HP09) whose health deteriorated over the
course of the study was excluded because he was unable to

use the devices at all toward the end of the trials. The re-
maining 18 dyads were included in the device preference
analysis. Final device decisions (RQ 4) were tabulated for
the 18 dyads who completed the trials, and only qualitative
remarks are included.

Results
SNR

SNR results are reported in Table 3 and Figure 1
for 21 participants. The pairwise comparisons for the
SNR model are reported in the supplemental materials
(Supplemental Material S1).

Effect of Background Noise

SNR for all device conditions was significantly
lower in the presence of the MN compared to NN (ND: es-
timated difference [est. diff.] = 1.86, p < .001; Device A: est.
diff. = 3.95, p < .001; Device B: est. diff. = 5.18, p < .001;
Device C: est. diff. = 12.07, p < .001).

Compared to ND

Each device was associated with greater SNR levels
compared to not having any device at all, as is evident in
Figure 1. SNR was significantly higher for each device
compared to ND, both in quiet (Device A: est. diff. = —4.75,
p < .001; Device B: est. diff. = —7.61, p < .001; Device C:
est. diff. = =29.32, p < .001) and in noise (Device A: est.
diff. = =2.66, p = .002; Device B: est. diff. = —4.3, p < .001;
Device C: est. diff. = —19.11, p < .001). SNR levels were
greatest for Device C (NN: 32.32 dB; noise: 20.77 dB),

Table 3. Speech-to-noise ratio (SNR; dB) means and standard
deviations for all device and noise conditions.

Device Noise SNR SD
No device NN 3.189 2.349
MN 1.283 0.881
Device A NN 8.067 5.104
MN 3.789 2.078
Device B NN 10.908 4.367
MN 5.625 2.006
Device C NN 32.320 6.338
MN 20.771 4.665

Note. NN = no noise; MN = multitalker noise.
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Figure 1. Empirical data for speech-to-noise ratio (SNR) for each
device condition in no noise and multitalker noise. Error bars
represent standard error. Device A: belt-pack ampilifier; Device B:
wireless stationary amplifier; Device C: personal communication
system.
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followed by Device B (NN: 10.91 dB; noise: 5.63 dB), and
then Device A (NN: 8.07 dB; noise: 3.79 dB).

Device Comparison

Overall, Device C had the largest SNR, followed by
Device B, followed by Device A. All pairwise device com-
parisons were significant in noise (A vs. B: est. diff. = —2.86,
p =.007; A vs. C: est. diff. = =24.57, p < .001; B vs. C: est.
diff. = —=21.71, p < .001). In the presence of noise, both De-
vices A and B had lower SNR than C (A vs. C: est. diff. =
—16.45, p < .001; B vs. C: est. diff. = —14.81, p < .001),
but Devices A and B did not significantly differ from one
another (A vs. B: est. diff. = —1.64, p = .312).

Intelligibility

Intelligibility results are reported in Table 4 and
Figure 2. The pairwise comparisons for the Intelligibil-
ity models are reported in the supplemental materials
(Supplemental Material S2 and S3).

Familiar Listeners

Effect of background noise. The downward slope for
all device conditions visible in Figure 2 demonstrates that
the presence of background noise was associated with a
decrease in intelligibility within all but one of the device
conditions, indicating that, generally, the familiar listeners

Table 4. Intelligibility (% words correct) means and standard deviations
for all device and noise conditions.

Device Noise Intelligibility SD Listener group
No device NN 89.032 12.048 Familiar
MN 48.917 34.218
Device A NN 86.679 20.205

MN 68.960 26.611
Device B NN 90.536 12.571
MN 75.591 26.708
Device C NN 95.706 4.876
MN 88.941 15.629
No Device NN 73.811 21.697 Naive
MN 17.770 23.101
Device A NN 75.467 19.187
MN 36.950 27.061
Device B NN 75.152 19.567
MN 35.875 26.529
Device C NN 84.307 12.745
MN 80.076 19.559

Note. NN = no noise; MN = multitalker noise.

were less accurate in identifying what their partner said
in a noisy environment. Specifically, all but Device C were
associated with a significant decrease in intelligibility in
the noise condition (ND: est. diff. = 2.23, p < .001; Device
A: est. diff. = 1.02, p < .001; Device B: est. diff. = 0.88,
p < .001; Device C: est. diff. = 0.41, p = .346). As can be

Figure 2. Empirical data for intelligibility ratings in each device
and noise condition. Left panel indicates familiar listeners; right
panel indicates naive listeners (means were first aggregated over
listeners). Error bars represent standard errors. Device A: belt-pack
amplifier; Device B: wireless stationary amplifier; Device C: personal
communication system.
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seen in Figure 2, intelligibility for Device C was also as-
sociated with a downward trend in noise, but this was a
flatter slope than for the other device conditions and did not
reach significance.

Comparison to ND. In quiet, having a device did not
impact familiar listener intelligibility, as captured by a lack
of any significant differences between each of the three
device conditions (A, B, and C) and the ND condition
(p > .8). In noise, however, all three amplification devices
were associated with significantly higher intelligibility com-
pared to ND (Device A: est. diff. = —1.07, p < .001; Device
B: est. diff. = —1.47, p < .001; Device C: est. diff. = —2.25,
p < .001).

Device comparison. In quiet, none of the devices dem-
onstrated significant differences from one another (p > .6).
In the presence of noise, Device C was associated with sig-
nificantly higher intelligibility than Device A (est. diff. =
—1.17, p = .008, but Devices A and B and Devices B and C
did not differ from one another (A vs. B: est. diff. = —0.39,
p = .487; B vs. C: est. diff. = -0.78, p = .117).

Naive Listeners

Reliability. Average interrater reliability for sentence
intelligibility was .934 (95% confidence interval [.919, .946]).
Average intrarater reliability was .934 (range: .908-.949).
Both inter- and intrareliability may be interpreted as “excel-
lent” reliability (i.e., > .90; Koo & Li, 2016).

Effect of background noise. As was the case for naive
listeners, all device conditions except for Device C demon-
strated significantly worse intelligibility in the presence of
background noise (ND: est. diff. = 3.17, p < .001; Device
A: est. diff. = 2.16, p < .001; Device B: est. diff. = 2.17,
p < .001; Device C: est. diff. = 0.21, p = .458).

Figure 2 demonstrates a steeper slope for Devices A
and B and the ND condition for the naive listeners com-
pared to the familiar listeners, indicating that naive listener
intelligibility suffered greater detriment when noise was
introduced. This is also captured by the greater estimated
pairwise differences reported for the naive listener model.

Comparison to ND. In the NN condition, none of the
devices were associated with better naive listener intelligi-
bility compared to ND except for Device C, which demon-
strated a marginally significant intelligibility benefit (est.
diff. = =0.56, p = .049). Devices A and B did not signifi-
cantly differ from the ND condition (Device A: est. diff. =
—0.09, p = .999; Device B: est. diff. = —0.04, p > .999).
In the multitalker noise condition, all three devices were
associated with significantly better intelligibility compared
to ND (Device A: est. diff. = —1.1, p < .001; Device B:
est. diff. = —1.04, p < .001; Device C: est. diff. = —3.52,
p < .001). This effect was strongest for Device C (i.e., larg-
est est. diff.).

Device comparison. In quiet, there was a nonsignifi-
cant trend for Device C to be associated with higher intelli-
gibility than Device A (A vs. C: est. diff. = -0.46, p =
.095). No other device comparisons were significant (A vs.
B: est. diff. = 0.05, p > .999; B vs. C: est. diff. = —0.52, p =
.181). In noise, Device C was associated with significantly

higher intelligibility than Devices A and B (A vs. C: est.
diff. = =2.42, p < .001; B vs. C: est. diff. = -2.48, p <
.001). There was no significant difference between De-
vices A and B (est. diff. = 0.06, p > .999).

Overall, for speech intelligibility scores, Device C was
associated with better intelligibility, followed by Device B
and Device A, and finally by ND. Both listener groups
(familiar and naive) demonstrated similar patterns, with
more extreme effects for the naive listeners. While better
speech intelligibility for both listener groups was found
for Device C, naive listeners benefitted more from this
device in both quiet and noise. Noise was associated with
worse intelligibility for all device conditions except for
Device C for both listener groups, but the negative effect
of noise was lesser for the familiar listeners.

In summary, across all outcome measures for Stage
1, HP participants exhibited lower SNR and were less in-
telligible in the presence of noise in most device conditions.
The exception to this pattern was for Device C, the per-
sonal communication system, which was associated with
similar intelligibility levels both in quiet and in noise. Having
a device was associated with greater SNR in both quiet
and in noise. In general, having a device largely improved
intelligibility in noise and, to a lesser extent, in quiet.
Device C was associated with higher SNR levels than the
other two devices and better intelligibility than Device A.
Overall, device performance can be described as a hierar-
chy such that Device C > Device B > Device A > ND.

Device Preferences

Device preference ratings are shown in Figure 3. There
was no main effect of time, device, nor group. Device pref-
erences differed across time points though, evidenced by
the fact that including the interaction between time and
device improved the model fit (x> = 3.368, p = .037). Within
each time point, pairwise comparisons revealed few device
differences with the following notable exceptions: Immedi-
ately after the laboratory trials, Device C was rated as being
more preferable than Devices A and B, as noted by a mar-
ginally significant difference between Devices A and C (est.
diff. = —1.06, p = .052), and a trend toward significance be-
tween Devices B and C (est. diff. = —0.97, p = .096). Follow-
ing the 1-week trial periods, however, these differences
disappeared completely (p > .9 for all comparisons within
the 1-week time point). In other words, while there was a
slight (marginally significant) trend for a preference for De-
vice C after approximately 5-10 min of controlled use with
the devices, the opportunity to trial each device for longer
periods of time in a more naturalistic environment led to
the overall device preference hierarchy dissipating. While in-
dividuals did state explicit preferences for given devices, over-
all, there was no one-size-fits-all device that demonstrated a
clear difference in preference ratings after the trials. Fur-
thermore, device ratings did not change according to time
period; that is, overall device ratings neither improved
nor worsened following the opportunity to trial the device
for longer.
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Figure 3. Box plots showing device preference ratings for each
device at each time point (left panel: immediately following device
trials in Stage 1; right panel: following 1-week device trial periods in
Stage 2. HP = hypophonia; CP = communication partner
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Final Device Decision

Figure 4 reports the distribution of final device choices
for the participants who completed the device trial periods.
Of the 18 dyads who completed all at-home device trial pe-
riods (i.e., Stage 2 of the study procedures), 13 (72%) chose
to continue using a device after the study had concluded.
Seven (HPO3, HP06, HP16, HP17, HP19, HP21, and HP22)
chose Device A, three (HP04, HP10, and HP18) chose
Device B, and three (HPO1, HP02, and HP14) chose Device C.
Five (HP07, HPOS, HP11, HP12, and HP13) declined to
take a device. Of the four (HP05, HP09, HP15, and HP20)
dyads who did not complete the trials, two expressed that
they were no longer interested in the study (indicating that
they would not have been interested in taking a device), one
(HPOS5) dropped out due to health concerns, and one (HP09)
became unable to actively participate in the trials due to
declining health.

Figure 5 reports SNR and familiar listener intelligibility
without any device in the presence of background noise (i.e.,
ND, MN condition), ordered by individual participant SNR
outcomes. HP10, who chose Device B, is not included in this
figure because he was unable to do the sentence reading task.

Discussion

In summary, the results from this study provide
evidence that speech amplification devices and personal

Figure 4. Count of final device choices across the dyads who
completed the device trials. Device A: belt-pack amplifier; Device B:
wireless stationary ampilifier; Device C: personal communication system.
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communication systems may be a viable augmentative form
of speech intervention for individuals with hypophonia.
Results demonstrated that, compared to ND, each of the
three devices tested were associated with gains in SNR and
in speech intelligibility in adverse listening conditions (i.e.,
in noise). Following the opportunity to trial the devices in
their natural living environments, the majority of the dyads
in this study chose to continue using a device after the
study concluded, indicating that they saw enough benefit
in the device to incorporate it into their communication
lifestyles.

A clear device hierarchy emerged from the objec-
tive speech tasks and can be summarized as Device C >
Device B > Device A > ND. Device C outperformed De-
vices A and B for both SNR and intelligibility, though
the intelligibility benefit was most noticeable in adverse
listening conditions. Device B outperformed Device A in
SNR, but the two devices did not differ from one another
in terms of how intelligible the speakers were to either fa-
miliar nor naive listeners, regardless of the amount of back-
ground noise.

This device hierarchy did not map on to device pref-
erences or individuals’ ultimate decisions of whether and
which device to continue using. This is not entirely surpris-
ing, as user preferences are not necessarily driven by device
performance alone. In the study conducted by Andreetta
et al. (2016), the authors found that the Spokeman, a small,
lightweight amplification device, received the highest rat-
ings for dimensions of physical comfort, visual presentation,
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Figure 5. Individual participant speech outcomes in the no device condition in multitalker noise. Participant IDs on the
x-axis are ordered by their speech-to-noise ratio (SNR) values in the no device condition in the presence of multitalker
noise. Larger point size represents higher familiar listener speech intelligibility in noise. Point color represents final
device choice. Device A: belt-pack amplifier; Device B: wireless stationary amplifier; Device C: personal communication

system.
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and overall preference, despite the finding that it performed
more poorly compared to other devices with respect to more
objective speech measures (SNR and intelligibility). The
findings from the study of Andreetta et al. suggested that
user preference and user comfort likely do not predict de-
vice performance or effectiveness and cautioned that SLPs
working with these individuals explore devices that can
optimize performance without compromising a client’s
aesthetic preferences.

A number of anecdotal reports from participants in
this study are of relevance to the patterns in device choice
observed. Discussions with the participants of this study
suggested that they would be disinclined to use devices they
found to be too unsightly or uncomfortable. Therefore, it
is important to consider these qualities in order to maximize
not only speech performance but also user buy-in and like-
lihood of use. Participants were not required to elaborate on
their final decisions; however, reasons for declining a device
included feeling they could communicate effectively without
it, declining health that made using a device too cumber-
some, and dislike of the use of a device in general.

While more research is required to identify factors
that would identify individuals who may be more likely to
be interested in using one type of device over another, some
preliminary observations may be made. Reasons given for
choosing Device A (seven participants) included portability,
independence, and being able to use it with more than one
person at a time (i.e., in contrast to Device C).

Reasons given for choosing Device B (three partici-
pants) included being able to leave the speaker in a given
location (e.g., by a chair in the living room for HP04 or
in the kitchen for HP18). One participant (HP18) men-
tioned that he felt that hearing his own amplified speech
made him more aware of his communication, and he re-
ported that he spoke more clearly when using the amplifier
as a result. HP10, who was residing in long-term care, re-
portedly liked being able to have the amplifier stationary
in his living quarters or brought into the main social areas.

Reasons given for choosing Device C included greater
discreteness (only the person wearing the receiver would
hear the amplified speech) and greater amplification for
an individual listener. Given that this is the first study to
explore the use of a personal communication system for
hypophonia, further reasons are speculated based on quali-
tative reports of individual participants.

For one dyad (HP/CP14), Device C was reportedly
desirable because the spouse wore hearing aids, and the
other amplification options were not loud and/or clear
enough to be effective. This dyad expressed a desire to ob-
tain a device like Device C but required greater customiza-
tion to accommodate CP14’s hearing aids. Following the
conclusion of the study, this dyad was seen by an audiolo-
gist to discuss and trial similar options that could be paired
to CP14’s hearing aids, but a final solution was not reached.
HP14 reported that she found the other devices to be effec-
tive when communicating with other individuals besides
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her spouse but ultimately decided not to take these devices.
CPO06 also wore hearing aids, but both she and her HP
partner expressed satisfaction with the amplified output
of Device A.

It is worth noting that all three HP participants of the
dyads who chose Device C had MoCA scores below the
cutoff for mild cognitive impairment (i.e., < 26), and two
of the three fell below the cutoff for dementia (i.e., < 21;
Dalrymple-Alford et al., 2010). These two individuals
(HP02 and HP14) were also DBS recipients, which is asso-
ciated with cognitive declines in some individuals (Troster
et al., 2017). Although speculative, it is possible that final
device preferences may be partially influenced by the CP
and especially for Device C. The CP needs to recognize the
benefits of a device like Device C in their communicative
interactions with their partner with hypophonia and be
willing to take on a primary role in managing the use of
the device on a daily basis. The CP may need to adopt
the perspective that the best way to improve communica-
tion in hypophonia is to place a new focus on “enhancing
the ears of the listener” rather than only focusing on en-
hancing the speech of the talker. This may require a greater
emphasis on developing listener-oriented verbal interaction
strategies that address the specific effects of hypophonia
on communication. The importance of including communi-
cative partners in other aspects of speech evaluation and
treatment has been suggested before as a means of facilitat-
ing the implementation of treatment goals that are of mu-
tual benefit to both the person with PD and their primary
partner (Donovan et al., 2008; Dykstra et al., 2015).

As can be seen in Figure 5, the six participants’ who
chose Devices B and C tended to demonstrate overall lower
SNR values and were less intelligible to their CPs in adverse
listening conditions at baseline (i.e., MN, ND). Participants
who chose Device A tended to demonstrate higher SNR
values (range: 0.988-2.973 dB) and were overall relatively
more intelligible to their partners (range: 33.3%-97.6%).
The five participants who chose not to take a device varied
along these dimensions. For example, among the partici-
pants who chose not to take a device, SNR in the multi-
talker, ND conditions (i.e., baseline speech in adverse
listening conditions) ranged from 0.086 dB (HP13) to 3.249 dB
(HP11), and intelligibility ranged from 6.7% (HP13) to
97.6% (HP11).

Participants who chose not to take a device also var-
ied in other demographic dimensions (see Table 1). Ages
for these five participants ranged from 59 to 72 years and in-
cluded one woman. One (HP13) participant had been diag-
nosed with PD for less than 1 year, whereas the others had
been diagnosed more than 10 years prior. All but one (HP13)
of the five HP participants and all but one (CP07) of the CP
participants passed the hearing screening, and MoCA scores
ranged from 20/30 (HP11) to 26/30 (HP07). Two (HP11

"Only five of the six participants who chose Device B or C are pictured
in Figure 5 because HP10 who was unable to do the speech task is
not shown.

and HP12) reported receiving speech therapy in the past, and
three (HPO7, HP11, and HP12) had received DBS surgery.

People with PD also tend to demonstrate further
reductions in loudness in their daily life (Gustafsson et al.,
2019), though it is not known to what degree individual
variability is present in the difference between sound levels
in formal settings (such as a clinic or lab) versus in more
naturalistic settings. Individual device preferences are likely
more driven by the characteristics of an individual’s speech
in their daily life that may not be fully captured by the
formal speech tasks.

Another consideration is the degree to which hearing
one’s own voice amplified affects user experience. For the
participants who did not like Device C after the trial periods,
it is possible that they found it frustrating to use because
they had no feedback that their speech was being amplified.
With Devices A and B, which amplified the speech via an
external speaker, all persons within hearing range of the
device are able to hear the amplified signal. With Device C,
only the person wearing the headphones is able to hear
the signal. Some HP participants also indicated frustration
that Device C did not function more like a two-way de-
vice would, in which they would be able to hear their spouse’s
voice amplified and be able to communicate over larger
distances.

Conversely, one participant (HP18, as mentioned
above) mentioned that hearing his voice amplified made
him more aware of his speech, and he and his wife noticed
that he would speak more loudly when he wore the device
(and, in particular, Device B). In this case, Device B was
his final preference because he liked the external amplifica-
tion it afforded but also benefitted from the smaller wear-
able transmitter (compared to the portable speaker worn
with Device A).

More research is needed to determine specific fac-
tors that predict user preferences and long-term device use.
Overall, the findings of this study point to a need to advo-
cate for the exploration of speech amplification as a form
of intervention for this population and to continue to de-
velop devices that better suit their needs.

Methodological Considerations and Limitations

Several limitations in this study warrant discussion.
One limitation is the heterogeneity and relatively small
sample size of the HP and CP participants. While all partic-
ipants were recruited on the basis of the presence of hypo-
phonia as a predominant speech symptom, the severity of
both their hypophonia, other speech symptoms, and other
parkinsonian features varied. Furthermore, the CP partici-
pants varied in their hearing status and likely also varied in
other, undocumented ways, such as cognitive status.

It is likely that factors unrelated to speech contrib-
uted to device experience for both user groups. For example,
physical factors such as mobility or the presence of dyski-
nesias may have impacted the comfort of wearing the de-
vices. The social networks of the dyads also likely impacted
their experience with the devices but were not controlled
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for or characterized in detail. For example, couples that
mainly communicated with one another may have been
more inclined to be satisfied with a device such as Device C,
whereas couples that often participated in social outings
may have been more likely to find the same device limiting.

Another possible limitation is that all participants
trialed the devices in different orders. While device trials
were counterbalanced, it is possible that trialing one device
before another could have impacted the experience ratings
of subsequent devices and could have interacted with in-
dividual baseline device preferences as well. Given the rela-
tively small sample size, this may not be fully controlled
for, despite the counterbalanced presentation.

Individual experiences with the device also varied
considerably. Though all participants were instructed to
use each device on at least a few different occasions and
amounting to at least 2 hr, adherence to these guidelines
varied. Many participants acknowledged using devices less
than this, especially when they did not perceive them to be
particularly useful to their individual lifestyle and circum-
stances. A possible outcome of this may be that individuals
who had initial poor impressions of a given device did not
give ample time to trial each one, potentially resulting in
decreased overall preference scores in some cases. Even so,
the purpose of the trial periods was for individuals to as-
sess their likelihood and ability to use the devices in their
day-to-day lives; if they did not perceive them to be useful
or did not enjoy using them, perhaps an extended, more
rigorous trial period (i.e., longer in duration and/or greater
requirements of the frequency of device usage during that
period) would not have impacted this.

Disease-related factors also pose limitations to the
formal laboratory testing procedures. As mentioned in the
introduction, previous research suggests that formal speech
contexts, such as read speech, may be less sensitive to speech
impairments in people with PD (Bunton, 2008; Ho et al.,
1999; Sidtis et al., 2012). While this study attempted to
combine acoustic and perceptual measures subject to these
drawbacks with person-centered device preference deci-
sions, future studies should consider comparisons of speech
production in more ecologically valid contexts, such as in
the home and during conversation. Future planned analyses
from this study will report on spontaneous speech produc-
tion from the picture description task not presented here.

The familiar listener intelligibility task was subject to
task-specific limitations. For example, the CP participants
were required to repeat back what they heard their part-
ner say, which requires attentional and working memory
cognitive resources (Poll et al., 2016). Sentence repetition
ability also declines with healthy aging (Schum & Sivan,
1997). While precautions were put in place to limit these
loads (short sentences, word order/contractions not penal-
ized in the intelligibility metric), it is not possible to defini-
tively know the effect individual differences may have had.
Future studies would also perhaps benefit from the inclu-
sion of practice sessions for CP participants.

On the other hand, the naive listener task was lengthy
(approximately 10 hr over four to five sessions). It is possible

that the naive listeners’ attention and fatigue varied across
this task. Multiple sessions, a self-paced schedule, and fre-
quent breaks as needed were employed to reduce listener fa-
tigue. It is also possible that listeners became more proficient
at the task over time as they adapted to hearing dysarthric
speech (Lansford et al., 2019; McAuliffe et al., 2017). Per-
ceptual learning is an acknowledged drawback of studies

of this nature (McAuliffe et al., 2017). Full randomization
of the recordings was implemented to attempt to account
for this.

Another limitation related to the naive listener task
is the small number of listeners used (n = 4). However, other
similar studies of disordered speech perception have used
comparably small listener groups (Adams et al., 2008;
Dromey, 2003; Dykstra et al., 2012, 2015; Moreau et al.,
2011; Tanaka et al., 2016; Tripoliti et al., 2014). Further-
more, a recent study found that reliability between different
intelligibility metrics (i.e., transcription and visual analog
scale ratings) were highly related even with only one or
two listeners, indicating that larger numbers of listeners do
not necessarily contribute to more reliable estimates (Abur
et al., 2019). Inter- and intrarater reliability was found to
be excellent, which further suggests that the small listener
group in this case was mitigated.

Clinical Implications and Limitations

While this study points to the promising potential of
speech amplification devices for people with hypophonia,
a number of clinical limitations warrant further discussion
and caution. Limitations should also be considered in the
context of the American Speech-Language-Hearing Associ-
ation’s (ASHA) discussion of SLPs’ roles and responsibili-
ties in the screening, assessment, and treatment of potential
candidates for augmentative devices (ASHA, 2020). First,
to reiterate a methodological limitation, this study was
conducted on a small, heterogeneous group of individuals
with hypophonia and thus cannot provide recommenda-
tions regarding the impact of individual characteristics
including (but not limited to) hearing status, cognition, and
presence of additional speech symptoms. Further research
with a larger participant group is needed to have a better
understanding of the precise factors that drive device pref-
erences and device usage in order to make appropriate and
functional comprehensive clinical recommendations.

Another limitation is related to the time period of
testing in this study. Participants were given approximately
1 week with each device. While this trial period represents
a relative strength, 1 week is likely not a sufficiently rep-
resentative time period to truly gauge whether a device
will be effective long term. Future studies should consider
longer trial periods (e.g., multiple weeks or even months)
that facilitate and encourage more frequent device use in
more diverse settings and situations. Another timing con-
sideration is related to long-term follow-ups. While the
majority of participants who completed this study (13/19)
did choose to take a device, it is not yet known to what
extent these individuals actively used the device at home

2708 Journal of Speech, Language, and Hearing Research o Vol. 63 ¢ 26952712 « August 2020

Downloaded from: https://pubs.asha.org University of Western Ontario on 11/18/2020, Terms of Use: https://pubs.asha.org/pubs/rights_and_permissions



after the study. In a clinical setting, SLPs who prescribe
amplification devices should do so with caution and con-
sider routine check-ins over a period of several months to

a year or more in order to ensure devices continue to func-
tion as intended outside the context of the clinic and to
identify any barriers that may impede effective use on a
case-by-case basis. PD and parkinsonian disorders are pro-
gressive, and most individuals will experience declines in
speech symptoms as time goes on, including hypophonia
(Ash et al., 2017; Skodda et al., 2013). These changes in
speech may happen in addition to cognitive and motor
changes but are overall independent of them (Ash et al.,
2017). Longer term follow-ups for individuals who seek
speech amplification devices are thus especially important,
as symptom severity may evolve in a way that impacts
device effectiveness over time. These considerations are
consistent with ASHA’s recommendations that SLPs who
prescribe augmentative devices such as amplifiers “docu-
ment progress” and “determine appropriate AAC modifi-
cations...if indicated” (ASHA, 2020).

Another major finding of this study was the potential
effectiveness of a personal communication system, which
has not been previously investigated for use in hypophonia.
This too warrants careful consideration, as effective use
additionally relies on the active participation of one or more
CPs who would wear the headphones. While the communi-
cation system outranked the other, more traditional speech
amplification devices in its ability to overcome background
noise (SNR) and transmit a spoken message (intelligibility),
it was only selected by three participants as their final pre-
ferred device. Having at least 1 week with each device sepa-
rately likely allowed the participants to identify other
factors that either increased or decreased their preference
for each of the different devices, as suggested by Figure 4.
Clinical recommendations surrounding any form of aug-
mentative device, but especially one that requires compliance
of another CP, should heed ASHA’s recommendations re-
garding consideration of counseling and involvement of
family members in order to prevent device abandonment
(ASHA, 2020).

In summary, from a clinical implementation stand-
point, this study points to the potential benefits of speech
amplification devices and personal communication systems
but does not provide evidence on the impact of individual
characteristics on device preference or usage, nor does it
provide indications of long-term adoption of devices. Clini-
cally, in addition to evidenced-based recommendations
pending future research, SLPs should, whenever possible,
consider the benefits of home trial periods that allow cli-
ents to gain sufficient experience with devices to make in-
formed decisions about the kind that is best for them.

Summary

Overall, this study points to the potential for three
distinct types of speech amplification devices for individuals
with hypophonia, including a personal communication sys-
tem never before tested for this population. The majority

(13/19) of individuals enrolled in the study chose to continue
using a device permanently after the study period ended.
While an objective device performance hierarchy emerged,
user preferences varied extensively. Each of the three de-
vices was selected as a preferred device by at least three
participants, pointing to both the potential for improving
the availability of device options for this population and
for a need for further research in this area.
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Appendix
User Experience Questionnaire

User Experience Questionnaire

Unique ID: Device: Date:

Please evaluate your experience with each communication device. Please indicate your
answers to the following questions by placing a cross (“X”) on the line where it best represents
your answer.

A cross towards the left side indicates a poorer rating of the speech amplification device, while
a cross towards the right side indicates a better rating of the device.

1. Physical Comfort: How comfortable is this device to wear?

Uncomfortable Comfortable

2. Visual Presentation: How acceptable is this device to wear in public?

Unacceptable Acceptable

3. Sound Quality: What is the sound quality of the speech output from the device?

Poor sound quality Good sound quality

4. Amplification Power: How well does the output from the device overcome the background
noise?

Poor ampilification Good amplification

5. Overall Preference: Overall, is this a device that you would prefer to use?

Low preference High preference

(prefer not to use) (prefer to use)
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