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ABSTRACT

Purpose: The primary purpose of this study was to evaluate how individuals
with hypophonia (HP; also referred to as HP participants) and their primary
communication partners (PCPs; also referred to as PCP participants) rate com-
municative participation before and after experience with a speech amplification
device. A secondary purpose was to evaluate pre- and post-device effects on
self-rated communicative participation for each of the three speech ampilifica-
tion devices trialed outside of the laboratory.

Method: Seventeen individuals with HP and their PCPs participated in a cross-
over design study that compared three different amplification devices: a wired
belt-pack amplifier, a wireless stationary amplifier, and a personal frequency
modulation (FM) system. Both the individuals with HP and their PCPs self-rated
communicative participation at baseline and after trialing each device following
1-week device ftrial periods at home. Patient-reported outcome measures
included the Communicative Effectiveness Survey (CES) and the Voice Activity
and Participation Profile (VAPP). Following study completion, participants indi-
cated whether they would like to select a specific device to continue using.
Results: Overall, HP participants rated communicative participation following
device use higher than that in the pre-device condition, with the FM system
resulting in the overall highest VAPP ratings and second highest CES ratings.
Furthermore, HP and PCP participants rated these measures similarly. Finally,
HP participants who selected a device to continue using self-reported lower
total communicative effectiveness scores and greater voice activity limitations
and participation restrictions at baseline in comparison to the nonselectors.
Conclusions: This study contributes to an increased understanding of how
communicative participation is experienced within this clinical population result-
ing from speech amplification. It is suggested that the inclusion of participation-
based outcome measurement is essential to ensure a multidimensional and
comprehensive approach to device prescription for individuals with HP.

Hypophonia (HP) is one of the primary dysarthric
speech features of hypokinetic dysarthria associated with
Parkinson’s disease (PD; Adams & Dykstra, 2009;
Logemann et al.,, 1978) and multiple system atrophy

(MSA; Testa et al., 2001). Speech intensity levels for indi-
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viduals with HP (also referred to as HP participants) are,
on average, 2-5 dB SPL lower than those for healthy, age-
matched control participants (Adams et al., 2006; Fox &
Ramig, 1997). A robust body of literature demonstrates
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that individuals with HP can have difficulty regulating
speech intensity in conversational tasks (Adams et al., 20006;
Fox & Ramig, 1997; Ho, Bradshaw, et al., 1999; Ho, Ian-
sek, & Bradshaw, 1999; Kempler & Van Lancker, 2002).

Treatment approaches for hypokinetic dysarthria are
classified as behavioral treatment approaches, such as the
Lee Silverman Voice Treatment (Ramig et al., 2004); in-
ear devices that capitalize on the Lombard effect to
increase vocal intensity, such as SpeechVive (Rodriguez
et al., 2022; Stathopoulos et al., 2014); and biofeedback
approaches, such as sound-level meters, oscilloscopes, and
Visi-Pitch (PENTAX Medical, 2019). Common to these
approaches is the goal of improving various aspects of
speech and voice impairments associated with hypokinetic
dysarthria, including HP. Despite this goal, an issue with
biofeedback and behavioral speech therapy is the mainte-
nance and transfer of gains made beyond the clinical setting,
known as the “transfer of treatment” issue (Adams &
Dykstra, 2009; Gaballah et al., 2019; Rubow & Swift, 1985).
Furthermore, many individuals with PD and MSA face
additional challenges, such as memory impairment and cog-
nitive dysfunction (Costa et al., 2008; Pfeiffer et al., 2014;
Testa et al., 1993). These factors may also contribute to diffi-
culties with the maintenance of new skills or behavioral
changes learned in treatment (Oxtoby, 1982). The “transfer
of treatment” issue is arguably one of the most important
concerns in the treatment of hypokinetic dysarthria.

A potential solution to the “transfer of treatment”
issue is the use of assistive speech amplification devices.
Speech amplification devices are a type of portable aug-
mentative and alternative communication device that serves
to amplify an individual’s natural voice. Speech amplifica-
tion devices may contribute to significant improvements to
speech intelligibility and speech intensity by increasing the
audibility of speech and by facilitating self-correction
through self-monitoring (Greene et al., 1972). An advan-
tage of amplification devices is they require little instruction
or training, and users are not required to develop new pat-
terns of behavior (Adams & Dykstra, 2009). Furthermore,
these devices can provide immediate benefit to an individ-
ual’s communication, and this benefit will remain in effect
for as long as the individual continues to utilize the assis-
tive device (Adams & Dykstra, 2009).

Speech amplification devices can be divided broadly
into two categories: voice amplifiers and personal fre-
quency modulation (FM) systems (Adams & Dykstra,
2009). Voice amplifiers can be further divided into two
main classes of devices: wired portable and wireless sta-
tionary. Portable wired voice amplifiers typically have a
speaker system that is worn on the body around the waist,
clipped to a pocket, or worn on a lanyard. Attached to
this portable amplifier is a headset or lavalier microphone

that is worn by the user (Knowles et al., 2020). Stationary
voice amplifiers include a microphone that is attached to
a small unit that transmits the speech signal wirelessly to
an audio speaker located up to several meters away from
the talker (Knowles et al., 2020; see also Dufty, 2013).
The third category of speech amplification is a wireless
FM communication system. FM systems represent a novel
approach for the treatment of HP because of their typical
application for individuals with hearing loss (Harkins &
Tucker, 2007; Laplante-Lévesque et al., 2010). When an
FM system is modified for an HP application, the individ-
ual with HP wears the headset microphone, and their
speech is transmitted wirelessly to a pocket-size very high
frequency (VHF) receiver and amplified through head-
phones worn by their communication partner. With the
exception of studies by Andreetta et al. (2016) and
Knowles et al. (2020), there appear to be no other studies
that have reported using FM communication systems for
the treatment of HP.

Knowles et al. (2020) compared the performance of
three amplification devices for HP across the parameters
of speech-to-noise ratio (SNR) and sentence intelligibility.
The results of this study revealed that speech amplification
produced beneficial outcomes, as evidenced by greater
SNR levels and sentence intelligibility, in comparison to
no device use in both quiet and background noise condi-
tions. Interestingly, for the acoustic and perceptual mea-
sures of SNR and sentence intelligibility, the FM system
was associated with higher SNR levels and higher sentence
intelligibility scores, respectively, compared with those of
the wireless stationary amplifier (Nady WA-120BT; simi-
lar to the BoomVox) or the portable wired belt-pack
speech amplifier (ChatterVox).

Although the acoustic and perceptual outcome mea-
sures are essential in the evaluation of speech amplifica-
tion devices, it is also essential to include patient-reported
outcomes measuring the construct of communicative par-
ticipation to provide a multidimensional lens of rehabilita-
tion (Threats, 2007). The construct of communicative par-
ticipation has its roots within the conceptual framework
of the World Health Organization’s (WHQO’s) Interna-
tional Classification of Functioning, Disability and Health
(ICF; WHO, 2001). According to the ICF, “participation”
is a construct that refers to the nature and the extent of
an individual’s involvement in life situations (WHO,
2001). Restrictions in participation represent the difficul-
ties individuals can experience in life situations due to the
circumstances of their health condition (WHO, 2001).
Eadie et al. (2006) defined communicative participation as
“...taking part in life situations where knowledge, infor-
mation, ideas or feelings are exchanged. This may take
the form of speaking, listening, reading, writing or nonver-
bal means of communication” (p. 309). Included within
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the construct of participation is communicative effective-
ness, defined as one’s ability to communicate messages
successfully in home and community settings to fulfill life
roles (Hustad, 1999). Communicative participation has
been explored and examined in hypokinetic dysarthria
across several studies (Baylor et al., 2011; Dykstra et al.,
2015; McAuliffe et al., 2017), all of which have demon-
strated interferences to communicative participation in this
population. Unfortunately, what remains understudied
and poorly understood is how communicative participa-
tion is rated following interventions targeted at increasing
speech intensity or improving speech intelligibility. What
also remains unknown is if communicative participation
affects one’s decision to adopt the use of a speech amplifi-
cation device in their daily lives.

Communicative participation has also been studied
from the perspective of proxy ratings made by the primary
communication partners (PCPs; also referred to as PCP
participants) of individuals with hypokinetic dysarthria
(Donovan et al., 2008; Dykstra et al., 2015). Since com-
munication is inherently dyadic in nature, obtaining the
perspectives of PCPs is important because it can determine
if differences in perception exist and can be of value clini-
cally in the provision of strategies to overcome communi-
cation breakdown between partners (Dykstra et al., 2015).
Unfortunately, the potential differences or similarities in
how individuals with HP and their PCPs rate communica-
tive participation following speech amplification device
use remain unexplored.

Purpose

This study extends the research of Knowles et al.
(2020), who evaluated user performance of three amplifi-
cation devices (i.e., ChatterVox, Nady WA-120BT, and
Nady 351-VR) across acoustic (SNR) and perceptual
(speech intelligibility) parameters in both quiet and back-
ground noise conditions (Knowles et al., 2020). The pri-
mary purpose of this study was to evaluate how individ-
uals with HP and their PCPs rate communicative partici-
pation before and after experience with a speech amplifi-
cation device. A secondary purpose was to evaluate pre-
and post-device effects on self-rated communicative partic-
ipation for each of the three speech amplification devices
trialed outside of the laboratory.

Three main objectives were examined in this study:

1. to evaluate self-rated communicative participation at
baseline and after device use,

2. to determine if ratings of communicative participa-
tion differ for individuals with HP versus their
PCPs, and

3.  to explore potential differences in communicative
participation at baseline between participants who
selected a device versus those who did not.

Method

This study is part of a larger data set collected by
Knowles et al. (2020), who sought to identify device pref-
erence and the performance of three amplification devices
hypothesized to improve speech intensity and speech intel-
ligibility for individuals with HP. A clinical crossover
design was employed to compare three types of amplifica-
tion devices that could be used by individuals with commu-
nication disorders: a wired belt-pack voice amplifier (Device
A), a wireless personal amplifier (Device B), and a wireless
personal FM communication system (Device C). The West-
ern University Human Research Ethics Board approved this
study (HSREB: 106169), and it was registered as a clinical
trial (ClinicalTrials.gov Identifier: NCT02407067).

Participants

Two groups participated in this study: individuals
with HP (HP group) and their PCPs (PCP group). The
HP group included 17 individuals with HP (four women,
13 men; age range: 54-78 years). Of these individuals, 15
had a primary diagnosis of idiopathic PD confirmed by
their primary neurologist (author M.J.). One individual
had a primary diagnosis of MSA-predominant cerebellar
ataxia, and one had a diagnosis of possible Parkinsonism.
All individuals were judged to have HP by an experienced
movement disorder neurologist (author M.J.). Inclusion
criteria for the HP participants included that they (a) had
received a neurological diagnosis at least 6 months prior
to testing, (b) exhibited mild-to-moderate HP (as rated by
an experienced speech-language pathologist [SLP; author
S.G.Al]), (c) were between the ages of 50 and 85 years, (d)
had no history of other neurological or voice disorders,
and (e) were otherwise in good general health. All HP
participants were stabilized on anti-Parkinson’s medica-
tion, except for one participant (HP13) who had recently
adjusted his medication schedule. Seven participants had
received deep brain stimulation surgery of the subthalamic
nucleus as an adjunctive intervention to treat the symp-
toms of PD. Eight participants had previously received
speech therapy to address speech concerns related to PD.
Hearing screenings were done at a 40 dB HL threshold at
500, 1000, 2000, and 4000 Hz in both ears, and failing the
screening was not an exclusion criterion. Seven HP partici-
pants passed the hearing screening, and 10 participants
failed at one or more frequencies. Cognitive status was not
an exclusion criterion, although the Montreal Cognitive
Assessment (Nasreddine et al., 2005) was used to screen for
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cognitive impairment. Participant demographics for the HP
group are presented in Table 1.

The second group of participants was composed of
individuals serving as PCPs to their respective partner
with HP. The PCP group included 17 individuals (13
women, four men; age range: 54-79 years). Prior to
primary-study enrollment conducted by Knowles et al.
(2020), each potential HP participant was instructed to
select someone with whom they spoke regularly to accom-
pany them to all study visits. In 16 cases, this was a
spouse, and in one case, it was an adult child (PCP13). To
not place restrictions on the selection of the communica-
tion partner most appropriate for the HP participants, the
only inclusion criterion for the PCP group was that they
were between 18 and 85 years of age. Hearing status was
not an exclusion criterion, but hearing screenings for the
PCP group were completed. Screenings were done at a 40
dB HL threshold at 500, 1000, 2000, and 4000 Hz in both
ears, and failing the screening was not an exclusion crite-
rion. Eleven PCP participants passed the hearing screen-
ing, whereas four PCP participants (PCP04, PCP07,
PCP17, and PCP21) did not pass the 40 dB HL hearing
screening and did not wear hearing aids. Two PCP partici-
pants wore hearing aids (PCP06 and PCP14). The role of
the PCP participants was to provide device ratings along-
side their partner throughout the trial periods, including
outcome measures related to communicative participation.

Devices

On the basis of recommendations by Andreetta
et al. (2016) and of the Knowles et al. (2020) protocol,
four device conditions were included: a pre-device condi-
tion and three device conditions referred to as Devices A,
B, and C. These three devices were chosen to capture an
array of device styles and device capabilities and to appeal
differently to each participant dyad based on factors such
as lifestyle, communication needs, and speech symptoms
(Knowles et al., 2020).

Device A is a portable wired belt-pack speech ampli-
fier (ChatterVox; 5 W). The talker wears a lightweight
headset microphone connected to an external speaker
worn as a belt pack.

Device B (Nady WA-120BT; 20 W) is a wireless
personal amplifier, similar to the BoomVox in form and
function, consisting of a lightweight, wireless headset
microphone (Nady HM-20U) that transmits wirelessly
over a VHF channel to a stationary speaker that projects
speech several meters away from the talker. The external
speaker is 21 x 26 x 13 cm and weighs 2.4 kg.

Device C (Nady 351-VR) is a personal FM commu-
nication system, similar to the Phonic Ear Easy Listener.

A lightweight headset microphone (Nady HM-20U) worn
by the talker transmits the speech wirelessly to a pocket-
size VHF receiver, which is then amplified through head-
phones worn by the listener. In the primary study by
Knowles et al. (2020), the HP participants wore the head-
set microphone, and the PCP participants wore the
headphones.

Patient-Reported Outcome Measures

The HP participants completed two patient-reported
outcome measures, namely, the Communicative Effective-
ness Survey (CES; Donovan et al., 2007) and the Voice
Activity and Participation Profile (VAPP; Ma & Yiu,
2001), from their own perspective. PCP participants com-
pleted the same set of patient-reported outcome measures
from the perspective of how they perceived the communi-
cative participation of their partner with HP. HP partici-
pants completed the Levels of Speech Usage (LSU; Baylor
et al., 2008) scale only during the baseline visit as a means
of providing additional context related to their level of
habitual speech usage.

The CES (Donovan et al., 2007) is an eight-item
patient-reported outcome measure of communicative effec-
tiveness across eight different communicative contexts.
Using a 4-point Likert scale ranging from 1 (not at all
effective) to 4 (very effective), the individuals rate how
effectively they communicate in each communicative con-
text and situation. Lower CES scores are associated with
poorer ratings of communicative effectiveness, and higher
CES scores are associated with better ratings of communi-
cative effectiveness. The CES was selected to measure
communicative participation because it has been used in
several studies exploring communicative effectiveness for
individuals with hypokinetic dysarthria (Donovan et al.,
2007, 2008; Dykstra et al., 2015), contains items that are
applicable and relevant for speech amplification device
use, and is a valid and reliable measure of communicative
participation (Donovan et al., 2007, 2008).

The VAPP (Ma & Yiu, 2001) is a 28-item patient-
reported outcome measure that evaluates the activity limi-
tations and participation restrictions of individuals with
voice disorders. Each item is scored on a 100-mm visual
analog scale, with the anchors never and always (Ma &
Yiu, 2001). The VAPP consists of five sections: self-
perceived severity of voice problem, effect on job, effect
on daily communication, effect on social communication,
and effect on emotion. Each section of the questionnaire
constitutes a section score. The sum of the five section
scores gives rise to the total score, which is a maximum of
280. Items in each of Sections 2 (Job), 3 (Daily Communi-
cation), and 4 (Social Communication) can be further
computed to give rise to two additional scores for each
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Table 1. Participant demographics for the hypophonia (HP) group.

Years since UPDRS HP hearing | PCP hearing
Participant Sex Age LED Diagnosis diagnosis DBS UPDRS Speech MoCA LSU screening screening
HPO1 M 75 750 PD 9 No 40 3 16 | Fail Pass
HPO02 M 54 0 PD 7 Yes 31 3 22 U Fail Pass
HPO3 M 75 750 PD 8 No 29 2 23 U Fail Pass
HPO04 F 78 800 PD 14 No 35 2 20 | Fail Fail
HP06 M 67 550 PD 21 Yes 29 3 22 U Fail Hearing aids
HPO7 F 72 0 PD 16 No 30 1 26 R Pass Fail
HPO8 M 65 1200 PD 15 No 20 1 21 U Pass Pass
HP11 M 72 PD 11 Yes 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
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 U Fail Pass
HP19 M 59 1350 MSA-P 8 No 52 3 26 | 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. Bolded participants indicate device selectors. 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; LSU = Levels of Speech Usage scale; PCP = primary communication partner; M =
male; PD = Parkinson’s disease; | = intermittent; U = undemanding; F = female; R = routine; MSA-C = multiple system atrophy—cerebellar type; MSA-P = multiple system atrophy—
Parkinsonian type.
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section: (a) The Activity Limitation Score (ALS) is derived
from the first question of each category and ascertains the
extent of activity limitation. These questions include the
following: “Is your job affected by your voice problem?”
“Do people ask you to repeat what you have just said
because of your voice problem?” and “Does your voice
problem affect you in social activities?” (b) The Participa-
tion Restriction Score (PRS) is derived from the second
question of each category, which ascertains the extent of
participation restriction. These questions include the fol-
lowing: “In the last six months, have you thought of
changing your job because of your voice problem?” “In
the last six months, have you ever avoided talking to peo-
ple because of your voice problem?” and “In the last six
months, have you ever avoided social activities because of
your voice problem?” (Ma & Yiu, 2001). Higher VAPP
scores are associated with greater activity limitations and
participation restrictions (i.e., higher scores are worse),
and lower VAPP scores are associated with less activity
limitations and participation restrictions. The VAPP was
selected as the second measure of communicative partici-
pation because it is a valid and reliable instrument to
measure voice-related activity limitations and participation
restrictions (Ma & Yiu, 2001).

The LSU (Baylor et al., 2008) is a self-report cate-
gorical scale used for describing and coding the speech
usage of individuals and across a range of communication
disorders. Speech usage is rated in terms of the amount,
frequency, type, and importance of speaking situations
that people may encounter (Baylor et al., 2008). HP par-
ticipants selected their everyday degree of speech usage
from five different categories: undemanding, intermittent,
routine, extensive, and extraordinary (Baylor et al., 2008).

Protocol

HP and PCP participants completed the study over
four visits, described in greater detail below. Briefly, the
baseline visit consisted of a single visit to the laboratory
(Visit 1). During the baseline visit, participants completed
the patient-reported outcome measures described above
and briefly trialed each of the three devices. During Visits
2-4, participant dyads were given each device for 1 week
at a time to try at home. Following these longer home
trial periods, either participant dyads would return to the
laboratory or the researcher (author T.K.) would visit
them in their homes at which time the participant dyad
completed the two participation-based patient-reported
outcome measures (CES and VAPP).

Visit 1: Baseline
During the baseline visit, the HP and PCP partici-
pants completed two patient-reported outcome measures

(CES and VAPP). HP participants also completed the
LSU only during the baseline visit. Following the comple-
tion of the patient-reported outcome measures, hearing
and cognitive screenings were completed. The details of
the primary study that included the additional outcome
measures of SNR and speech intelligibility are described
in a previous report (see Knowles et al., 2020).

Visits 2-4: At-Home Device Trials

At the end of the baseline visit, one of the three
devices was randomly selected to be trialed first. A ran-
domization plan was developed for the selection of the
second and third devices (see Table 2). HP participants
were informed that they would be given the opportunity
to try each of the three devices at home, over three sepa-
rate trial periods, lasting approximately 1 week each. HP
participants were instructed on the basic elements of use
for the device they would trial. In order to ensure that
participants could experience several communicative con-
texts and situations and become familiar with each device,
participants were instructed to use the device at least twice
during the week, for at least 2 hr, in more than one set-
ting, and with more than one person, if possible. Partici-
pants were instructed to indicate if they did not adhere to
these instructions. No participants self-reported any issues
adhering to the device use instructions.

Following the completion of each I-week device
trial period, the participant dyads met with the researcher
(author T.K.; a single visit following each 1-week device

Table 2. Device order and randomization.

Device Device Device
Participant Trial 1 Trial 2 Trial 3
HPO1 C A B
HP02 B C A
HPO3 A C B
HP0O4 C A B
HPO6 B C A
HPO7 C A B
HPO8 A B C
HP11 C B A
HP12 C A B
HP13 C B A
HP14 C A B
HP16 C B A
HP17 A C B
HP18 A B C
HP19 B A C
HP21 A C B
HP22 B A C

Note. HP = hypophonia; A = ChatterVox; B = Nady WA-120BT; C =
Nady 351-VR.
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trial period) at which time the participants completed the
battery of patient-reported outcome measures related to
communicative participation (i.e., CES and VAPP). Both
the HP and PCP participants completed their own set of
patient-reported outcome measures as described in the
baseline visit. Consistent with the baseline visit, each HP
participant was instructed to complete the patient-reported
outcome measures from their own perspective, whereas
PCP participants were instructed to complete the patient-
reported outcome measures in terms of how they per-
ceived their partner.

Statistical Analyses

The statistical analyses of each study objective are
described below.

Self-Rated Communicative Participation Reported
by HP Participants: Pre- Versus Post-Device

CES. A repeated-measures (RM) analysis of vari-
ance (ANOVA; Total CES) and one RM multivariate
analysis of variance (MANOVA) with eight dependent
variables determined if there were changes in communica-
tive effectiveness at baseline (pre-device) versus post-
device use. There was one within-group independent vari-
able: device with four levels (pre-device, post-Device A,
post-Device B, and post-Device C). Communicative effec-
tiveness item mean scores comprised the eight dependent
variables. Post hoc evaluations compared pre- and post-
device effects for each of the three speech amplification
devices trialed. The following specific pre- and post-device
condition comparisons were evaluated: (a) pre-device ver-
sus post-Device A, (b) pre-device versus post-Device B,
and (c) pre-device versus post—Device C.

VAPP. Three RM ANOVAs (Total VAPP, ALS
VAPP, and PRS VAPP) and an RM MANOVA with four
dependent variables determined if there were changes in
VAPP scores across pre- versus post-device use. There was
one within-group independent variable: device with four
levels (pre-device, post-Device A, post-Device B, and
post-Device C). The subscale categories (Cs) on the VAPP
served as the four dependent variables (C1: “self-perceived
severity of voice problem,” C3: “effect on daily communi-
cation,” C4: “effect on social communication,” and CS5:
“effect on emotion”). Although there are a total of five
subscale categories on the VAPP, C2: “effect on job” was
omitted because most HP participants were retired from
employment. Post hoc evaluations compared pre- and
post-device effects for each of the three speech amplifica-
tion devices trialed. The following specific pre- and post-
device condition comparisons were evaluated: (a) pre-
device versus post-Device A, (b) pre-device versus post—
Device B, and (c) pre-device versus post—Device C.

HP Versus PCP Self-Rated Communicative
Participation Evaluated in the Four
Device Conditions

Please note that for this objective, the variable of
interest is group (i.e., HP vs. PCP), and as a result, uni-
variate statistics and post hoc comparisons are not
reported for the device comparisons.

CES. A two-factor RM ANOVA (Total CES) and a
two-factor RM MANOVA evaluated differences in CES
scores between HP and PCP participants across device
conditions. There was one between-groups independent
variable: group with two levels (HP participants and PCP
participants). There was one within-group independent
variable: device with four levels (pre-device, post—Device
A, post-Device B, and post-Device C). Communicative
effectiveness item mean scores comprised the eight depen-
dent variables.

VAPP. Three two-factor RM ANOVAs (Total
VAPP, ALS VAPP, and PRS VAPP) and a single two-
factor RM MANOVA evaluated differences in VAPP
scores between HP and PCP participants in each of the
device conditions. There was one between-groups indepen-
dent variable: group with two levels (HP participants and
PCP participants). There was one within-group independent
variable: device with four levels (pre-device, post-Device A,
post-Device B, and post-Device C). VAPP subscale cate-
gory scores comprised the four dependent variables.

Selector Versus Nonselector Self-Rated
Communicative Participation at Baseline
(Pre-Device)

Please note that for this objective, the variable of
interest is group (i.e., selectors vs. nonselectors), and as a
result, univariate statistics and post hocs are not reported
for the device comparisons.

CES. A two-factor RM ANOVA (Total CES) and a
two-factor RM MANOVA compared differences in self-
rated communicative participation at baseline between HP
participants who selected a device to continue using (selec-
tors) and HP participants who chose not to continue using
a device (nonselectors) following study completion. There
was one between-groups independent variable: group with
two levels (selectors and nonselectors). There was one
within-group independent variable: device with four levels
(pre-device, post-Device A, post-Device B, and post-
Device C). Communicative effectiveness individual item
mean scores comprised the eight dependent variables.

VAPP. Three two-factor RM ANOVAs (Total
VAPP, ALS VAPP, and PRS VAPP) and a two-factor
RM MANOVA compared differences in self-rated VAPP
scores at baseline between selector and nonselector groups.
There was one between-groups independent variable:
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group with two levels (selectors and nonselectors). There
was one within-group independent variable: device with
four levels (pre-device, post-Device A, post-Device B,
and post-Device C). VAPP subscale scores comprised the
four dependent variables (C1: “self-perceived severity of
voice problem,” C3: “effect on daily communication,” C4:
“effect on social communication,” and C5: “effect on
emotion”).

For all analyses, the interpretation of effect sizes
was based on Cohen (1988), where np2 = .01 indicates a
small effect, n,”> = .06 indicates a medium effect, and
np2 = .14 indicates a large effect. Although the overall «
criterion was .05, alpha corrections were made based on
the recommendations of Hummel and Sligo (1971). More
specifically, for MANOVAs with no significant multivari-
ate effects, the alpha was adjusted for subsequent univari-
ate analyses by dividing the overall o of .05 by the num-
ber of dependent variables (Hummel & Sligo, 1971),

Results

Self-Rated Communicative Participation
Reported by HP Participants: Pre- Versus
Post-Device

CES. The RM ANOVA based on the Total CES
score was significant for device, F(3, 48) = 3.66, p = .019,
npz = .186. This result was statistically significant and
demonstrated a large effect size. Based on the significance
of the RM ANOVA, post hoc comparisons allowed us to
examine in more detail pre—post comparisons for each
device trialed. The Total CES score for the pre-device

condition (M = 17.76, SD = 5.90) was not significantly
different from that of Device A (M = 21.18, SD = 3.67,
p = .072), but the score for the pre-device condition was
significantly lower than those for the post-Device B (M =
22.18, SD = 4.57; p = .017) and post-Device C (M =
21.53, SD = 4.28; p = .029) conditions. Figure 1 graphi-
cally presents Total CES mean scores based on the device
condition.

Results of the RM MANOVA revealed a significant
multivariate main effect of device based on the eight CES
questions (Qs), F(24, 93) = 2.16, p = .004, npz = .348. This
result was statistically significant and demonstrated a large
effect size. At the univariate level, CES QS5: “Being part of
a conversation in a noisy environment,” F(3, 39) = 5.88,
p = .002, np2 = .312; CES Q7: “Having a conversation
while traveling in a car,” F(3, 39) = 2.95, p = .044, np2 =
.185; and CES QS8: “Having a conversation with someone
at a distance,” F(3, 39) = 11.14, p < .001, n,” = .462, were
significant, and all demonstrated a large effect size. Post
hoc comparisons were completed for the CES questions
with significant univariate main effects (CES Q5, Q7, and
Q8) to determine the differences based on specific devices.
Post hoc comparisons of the pre- versus post-device condi-
tions related to CES QS5: “Being part of a conversation in
a noisy environment” indicated that the mean score for
the pre-device condition (M = 1.93, SD = 0.91) was signif-
icantly lower than those for the post-Device B (M = 2.93,
SD = 0.61; p = .005) and post-Device C (M = 2.79, SD =
0.57; p = .017) conditions. The post hoc comparison of
the pre-device condition was not significant for the post—
Device A condition (M = 2.42, SD = 0.82; p = .110). Post
hoc comparisons of the pre- versus post-device conditions
for CES Q7: “Having a conversation while traveling in a

Figure 1. Total Communicative Effectiveness Survey (CES) mean scores based on the device condition. Standard deviations are expressed
through error bars. Device A = wired belt-pack amplifier; Device B = wireless personal amplifier; Device C = personal frequency modulation

system.
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car” indicated that the mean score for the pre-device con-
dition (M = 2.21, SD = 0.97) was significantly lower than
those for the post-Device A (M = 2.86, SD = 0.66; p =
.033) and post-Device C (M = 3.00, SD = 0.78; p = .028)
conditions. The post hoc comparison of the pre-device
condition versus the post-Device B condition (M = 2.79,
SD = 0.80) was not significant (p = .104). Post hoc com-
parisons of the pre- versus post-device conditions based
on CES Q8: “Having a conversation with someone at a
distance” indicated that the mean score for the pre-
device condition (M = 2.07, SD = 0.91) was significantly
lower than those for the post-Device B (M = 3.36, SD =
0.84; p = .001) and post-Device C (M = 3.29, SD =
0.46; p < .001) conditions. The post hoc comparison
involving the pre-device condition versus the post—Device
A condition (M = 2.71, SD = 0.82) did not reach signifi-
cance (p = .057).

VAPP. The RM ANOVAs based on the Total
VAPP, F(3, 45) = 17.56, p < .001, np2 = .539; VAPP
ALS, F(3, 45) = 20.66, p < .001, n,> = .579; and VAPP
PRS, F(3, 45) = 1491, p < .001, ﬂp2 = .499, mean scores
were all significant for device. These results demonstrated
large effect sizes. Based on the significance of the RM
ANOVA, post hoc comparisons allowed us to examine in
more detail pre—post comparisons for each device trialed.
The Total VAPP score for the pre-device condition (M =
145.80, SD = 50.49) was significantly higher than those
for the post-Device A (M = 81.43, SD = 41.57; p < .001),
post-Device B (M = 86.04, SD = 51.75; p = .001), and
post-Device C (M = 77.89, SD = 28.32; p < .001) condi-
tions. Figure 2 graphically presents Total VAPP mean
scores based on the device condition.

Post hoc comparisons indicated that the VAPP ALS
score for the pre-device condition (M = 14.01, SD = 5.16)
was significantly higher than those for the post-Device A
(M =623, SD = 3.87; p < .001), post-Device B (M = 6.91,
SD = 5.01; p < .001), and post-Device C (M = 6.42, SD =
2.93; p < .001) conditions. Figure 3 graphically presents
VAPP ALS mean scores based on the device condition.

Post hoc comparisons indicated that the VAPP PRS
score for the pre-device condition (M = 12.23, SD = 5.56)
was significantly higher than those for the post-Device A
(M = 5.34, SD = 4.15; p < .001), post-Device B (M = 7.22,
SD = 5.93; p = .003), and post-Device C (M = 5.40, SD =
3.09; p < .001) conditions. Figure 4 graphically presents
VAPP PRS mean scores based on the device condition.

Results of the RM MANOVA revealed a significant
multivariate main effect of device based on the four VAPP
subscale category questions, F(12, 111) = 3.865, p < .001,
np2 = .264. At the univariate level, all VAPP subscale cat-
egories were significant: Cl: “self-perceived severity of
voice problem,” F(3, 45) = 8.42, p < .001, np2 = .360; C3:

Figure 2. Total Voice Activity and Participation Profile (VAPP)
mean scores based on the device condition. Standard deviations
are expressed through error bars. Device A = wired belt-pack
amplifier; Device B = wireless personal amplifier; Device C = per-
sonal frequency modulation system.
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“effect on daily communication,” F(3, 45) = 18.78, p <
.001, np2 = .556; C4: “effect on social communication,”
F(3, 45) = 27.53, p < .001, n,> = .334; and CS5: “effect on
emotion,” F(3, 45) = 8.24, p < .001, npz = .355. Post hoc
comparisons were completed for the VAPP subscale cate-
gories with significant univariate main effects (VAPP Cl,
C3, C4, and C5) to determine the differences based on
specific devices. Post hoc comparisons indicated that the
VAPP Cl1: “self-perceived severity of voice problem”
mean score for the pre-device condition (M = 6.16, SD =
2.41) was significantly higher than those for the post—
Device A (M = 3.20, SD = 1.99; p = .001), post-Device B

Figure 3. Voice Activity and Participation Profile (VAPP) Activity
Limitation Score (ALS) mean scores based on the device condi-
tion. Standard deviations are expressed through error bars. Device
A = wired belt-pack amplifier; Device B = wireless personal ampli-
fier; Device C = personal frequency modulation system.
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Figure 4. Voice Activity and Participation Profile (VAPP) Participa-
tion Restriction Score (PRS) mean scores based on the device
condition. Standard deviations are expressed through error bars.
Device A = wired belt-pack amplifier; Device B = wireless personal
amplifier; Device C = personal frequency modulation system.
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(M = 3.82, SD = 2.57; p = .002), and post-Device C
(M = 3.60, SD = 2.08; p < .001) conditions. Post hoc
comparisons indicated that the VAPP C3: “effect on daily
communication” mean score for the pre-device condition
(M = 7433, SD = 22.19) was significantly higher than
those for the post-Device A (M = 38.79, SD = 20.33; p <
.001), post-Device B (M = 40.43, SD = 26.59; p < .001),
and post-Device C (M = 39.01, SD = 16.64; p < .001)
conditions. Post hoc comparisons revealed that the VAPP
C4: “effect on social communication” mean score for the
pre-device condition (M = 20.76, SD = 9.62) was signifi-
cantly higher than those for the post-Device A (M =
12.59, SD = 8.62; p = .005), post-Device B (M = 12.81,
SD = 9.48; p = .006), and post-Device C (M = 11.82,
SD = 6.70; p = .001) conditions. Finally, post hoc com-
parisons revealed that the VAPP C5: “effect on emotion”
mean score for the pre-device condition (M = 42.06, SD =
16.95) was significantly higher than those for the post—
Device A (M = 26.83, SD = 17.71; p = .001), post-Device
B (M = 28.96, SD = 18.43; p = .018), and post-Device C
(M = 23.45, SD = 11.94; p < .001) conditions.

HP Versus PCP Self-Rated Communicative
Participation Evaluated in the Four
Device Conditions

CES. The two-factor RM ANOVA based on the
Total CES score revealed a statistically significant differ-
ence for device, F(3, 96) = 11.74, p < .001, np2 = .268, but
not for group, F(1, 32) = 0.371, p = .577, np2 = .011. The
Device x Group interaction was not significant, F(3,
96) = 0.553, p = .661, np2 = .016. These results demon-
strate a large effect size for device and small effect sizes

for group and the Device X Group interaction. This non-
significant interaction indicates that each group gave a
similar pattern of CES ratings across the different device
types and conditions.

Results of the two-factor RM MANOVA revealed a
significant multivariate effect for device, F(24, 223) =
5.512, p < .001, npz = .346, but not for group, F(8, 21) =
0.910, p = .527, npz = .257. The univariate statistics with
a corrected a of .00625 revealed no significant differences
in individual CES question ratings between the HP and
PCP participants. The Device X Group interaction was
not significant, F(24, 223) = 1.290, p = .172, n,”> = .118.

VAPP. The first two-factor RM ANOVA based on
the Total VAPP score revealed a statistically significant
difference for device, F(3, 93) = 28.22, p < .001, npz =
4717, but not for group, F(1, 31) = 0.776, p = .385, npz =
.024. The Device x Group interaction was not significant,
F(3, 93) = 0.517, p = .671, npz = .016. These results dem-
onstrate a large effect size for device, a medium effect size
for group, and a small effect size for the Device x Group
interaction. The second two-factor ANOVA based on the
VAPP ALS revealed a statistically significant difference
for device, F(3, 93) = 32.81, p < .001, np2 = .514, but not
for group, F(1, 31) = 1.641, p = 210, n,> = .050. The
Device x Group interaction was not significant, F(3,
93) = 0.963, p = 414, npz = .030. These results demon-
strate a large effect size for device and medium effect sizes
for group and the Device X Group interaction. Finally,
the third two-factor ANOVA based on the VAPP PRS
revealed a statistically significant difference for device,
F(3, 93) = 21.69, p < .001, npz = .412, but not for group,
K1, 31) = 0.609, p = .441, npz = .019. The Device X
Group interaction was not significant, F(1, 31) = 1.764,
p = .159, npz = .054. These results demonstrate a large
effect size for device and medium effect sizes for group
and the Device x Group interaction.

Results of the two-factor RM MANOVA revealed a
significant multivariate effect for device, F(12, 230) =
7.29, p < .001, n,> = .247, but not for group, F(4, 27) =
0.215, p = .928, np2 = .031. The univariate statistics with
a corrected o of .0125 revealed no significant differences
in the four VAPP subscale ratings between the HP and
PCP groups. The Device x Group interaction was not sig-
nificant, F(12, 19) = 1.038, p = .456, an = .396.

Selector Versus Nonselector Self-Rated
Communicative Participation at Baseline
(Pre-Device)

CES. The two-factor RM ANOVA based on the

Total CES score was significant for both device, F(3,
48) = 3.66, p = .019, np2 = .186, and group, F(1, 15) =
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7.370, p = .016, n,> = .329, indicating that the selector
group (M = 19.62, SD = 2.42) had significantly lower
Total CES scores than the nonselector group (M = 23.15,
SD = 2.40) across device conditions. The Device x Selec-
tors interaction was not significant, F(3, 45) = 1.460, p =
238, np2 = .089. These results demonstrate large effect
sizes for device and group and a medium effect size for
the Device x Group interaction.

The two-factor RM MANOVA for CES QI-QS8
revealed a significant multivariate effect for device, F(24,
84) = 1.647, p = .05, np2 = .309, but not for group, F(8,
5) = 3.218, p = .107, np2 = .837. The Device x Selectors
interaction, F(24, 84) = 1.254, p = .215, np2 = .256, was
not significant. These results demonstrate large effect sizes
for device, group, and the Device X Group interaction.

Significant univariate main effects were found for
CES Q3: “Conversing with a familiar person over the tele-
phone,” F(1, 12) = 35.764, p < .001, np2 = .749, and CES
Q4: “Conversing with a stranger over the telephone,” F(1,
12) = 29.187, p < .001, Tlp2 = .709. Post hoc comparisons
were completed for the CES questions with significant uni-
variate main effects (CES Q3 and Q4). The post hoc anal-
yses focused on the comparison across groups (selectors
vs. nonselectors). The post hoc comparison for CES Q3:
“Conversing with a familiar person over the telephone”
indicated that the selector group (M = 2.37, SD = 0.21)
had a significantly lower score than the nonselector group
(M = 3.06, SD = 0.20; p < .001). The post hoc compari-
son for CES Q4: “Conversing with a stranger over the
telephone” indicated that the selector group (M = 2.02,
SD = 0.31) had a significantly lower score than the nonse-
lector group (M = 2.93, SD = 0.31; p < .001).

VAPP. The first two-factor RM ANOVA based on
the Total VAPP score was significant for both device, F(3,
42) = 10.81, p < .001, n,> = .436, and group, F(1, 14) =
8.467, p = .011, npz = .377. This result indicates that the
selector group (M = 109.84, SD = 28.61) had significantly
higher Total VAPP scores than the nonselector group
(M = 61.65, SD = 31.55) across device conditions. These
results demonstrate large effect sizes for device and group.
The Device X Selectors interaction was not significant,
F(3, 42) = 0.813, p = .494, npz = .055, suggesting that the
pattern of differences among the four device conditions
was similar across the selector and nonselector groups
based on Total VAPP scores. This result demonstrates a
medium effect size for the Device X Group interaction.
Figure 5 presents the Total VAPP mean scores for selector
and nonselector groups.

The second two-factor RM ANOVA based on the
VAPP ALS score was significant for device, F(3, 42) =
12.11, p < .001, n,> = .464, and group, F(1, 14) = 6.691,
p = .022, np2 = .323, and demonstrated large effect sizes

Figure 5. Total Voice Activity and Participation Profile (VAPP)
mean scores for the selector and nonselector groups in each
device condition. Standard deviations are expressed through error
bars. Device A = wired belt-pack amplifier; Device B = wireless
personal amplifier; Device C = personal frequency modulation
system.
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for device and group. This result indicates that the selector
group (M = 9.43, SD = 2.77) had significantly higher
VAPP ALS scores than the nonselector group (M = 5.27,
SD = 3.06) across device conditions. The Device x Selec-
tors interaction was not significant, F(3, 42) = 0.998, p =
403, np2 = .067, and demonstrates a medium effect size.
Overall, this result suggests that the pattern of differences
among the four device conditions was similar across the
selector and nonselector groups based on VAPP ALS
scores. Figure 6 presents the VAPP ALS mean scores for
the selector and nonselector groups.

The third two-factor RM ANOVA based on the
VAPP PRS score was significant for device, F(3, 42) =
8.783, p < .001, n,*> = .386, but not for group, (1, 14) =
2.88, p = .116, np2 = .167. These results demonstrate a

Figure 6. Voice Activity and Participation Profile (VAPP) Activity
Limitation Score (ALS) mean scores for the selector and nonselec-
tor groups in each device condition. Standard deviations are
expressed through error bars. Device A = wired belt-pack ampli-
fier; Device B = wireless personal amplifier; Device C = personal
frequency modulation system.
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large effect size for device and a medium effect size for
group. The Device X Selectors interaction also revealed
nonsignificant results, F(3, 42) = 0.804, p = .499, np2 =
.054, and a small effect size for this interaction. Figure 7
presents the VAPP PRS mean scores for the selector and
nonselector groups for each device condition.

The two-factor RM MANOVA based on the four
VAPP subscale categories revealed a significant multivari-
ate effect for device, F(12, 103) = 2.464, p = .007, n,> =
.199, but not for group, F(4, 11) = 2.92, p = .072, np2 =
.515. These results demonstrate large effect sizes for device
and group. The Device x Selectors interaction also
revealed nonsignificant results, F(12, 103) = 0.656, p =
789, np2 = .063, and a medium effect size. A significant
univariate main effect was found only for subscale Cl:
“self-perceived severity of voice problem,” F(1, 14) =
9.290, p = .009, np2 = .399. The post hoc comparison for
VAPP subscale C1: “self-perceived severity of voice prob-
lem” indicated that the selector group (M = 4.77, SD =
1.28) had a significantly higher score than the nonselector
group (M = 2.46, SD = 1.43; p = .009).

Discussion

This study builds on the empirical literature related
to the effect of speech amplification for individuals with
HP. Our results, in concert with those in Knowles et al.
(2020), suggest that speech amplification improves acous-
tic, perceptual, and participation-based aspects of commu-
nication, regardless of the type of amplification device
trialed. This finding is encouraging because the prescrip-
tion of a speech amplification device can provide immedi-
ate improvement to communicative functioning and solves

Figure 7. Voice Activity and Participation Profile (VAPP) Participa-
tion Restriction Score (PRS) mean scores for the selector and non-
selector groups in each device condition. Standard deviations are
expressed through error bars. Device A = wired belt-pack ampli-
fier; Device B = wireless personal amplifier; Device C = personal
frequency modulation system.
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the “transfer of treatment” issue, which is of concern for
individuals with hypokinetic dysarthria (Adams & Dyk-
stra, 2009; Gaballah et al., 2019; Rubow & Swift, 1985).

A secondary examination revealed pre- and post-
device effects on self-reported communicative effectiveness
and voice activity and participation for each of the three
speech amplification devices trialed. Device B (wireless
personal amplifier) and Device C (personal FM system)
emerged as the two devices producing the highest ratings
of communicative effectiveness in comparison to baseline.
More specifically, HP participants self-rated more effective
communication when trialing the FM system (Device C)
for communicative contexts related to communicating
while traveling in a vehicle and while communicating with
someone at a distance. These findings align with those of
Dykstra et al. (2015), who reported that speaking in noisy
environments (including vehicles) and with increased inter-
locutor distance represented acoustically challenging envi-
ronments for individuals with HP. Knowles et al. (2020)
also reported that the FM system (Device C) produced
the greatest SNR levels and speech intelligibility in back-
ground noise in comparison to Device A (wired belt-pack
amplifier) and Device B (wireless personal amplifier). The
use of an FM system may be especially beneficial in these
specific communicative contexts because of the increased
SNR benefits (15-20 dB; Hawkins, 1984) afforded by this
amplification approach.

Overall ratings of communicative effectiveness and
voice activity and participation did not reveal significant
differences between HP and PCP participants across the
three device conditions. These findings demonstrate that
PCPs appraise communicative participation similarly to
their partners with HP. This finding is consistent with
those in other studies demonstrating similarities in partici-
pation and quality-of-life ratings made between individ-
uals with hypokinetic dysarthria and their PCPs (Dykstra
et al., 2015; McRae et al., 2002; Parveen & Goberman,
2017). Our results are also consistent with the findings of
Ball et al. (2004) and McAuliffe et al. (2010), who found
no significant differences in ratings of communicative
effectiveness in patient—proxy dyads representing individ-
uals with amyotrophic lateral sclerosis and traumatic
brain injury, respectively. Examining communicative par-
ticipation from the perspectives of both the individual
with HP and their PCP is important and can be of clinical
value for several reasons. The first reason relates to under-
standing perceptions within a communicative dyad, espe-
cially when perceptions do not agree. This information
can allow an SLP to facilitate a discussion with the dyad
regarding the reasons for the discrepancies and provide
educational strategies to improve speaker—listener commu-
nicative interactions (Dykstra et al., 2015). The second
reason is that ratings made by both the individual with
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the communication disorder and their PCP are beneficial
because this information may provide the clinician with
an opportunity to establish treatment goals that are mutu-
ally agreed upon by both parties (Donovan et al., 2008).
Finally, the third reason relates to the reliability of PCPs
to serve as proxies. Although it is always preferable to
have the individual with the communication disorder pro-
vide self-ratings or self-report, there may be situations or
contexts in which the communication partner needs to
provide ratings on their partner’s behalf, such as in times
of illness. The results of our study provide support for the
reliability of proxy ratings related to the construct of com-
municative participation for individuals with HP following
speech amplification.

Ratings of communicative effectiveness and voice
activity and participation differed significantly between
the selector and nonselector groups. The selector group
self-reported less effective communication and greater
voice activity limitations and participation restrictions
than the nonselector group. In general, the selector group
appears to differentiate from the nonselector group in
terms of lower participation-based scores at baseline and
overall lower SNR and speech intelligibility (see Knowles
et al., 2020). Furthermore, the demographic information
collected related to years since diagnosis, Unified Parkin-
son’s Disease Rating Scale (UPDRS) speech scale scores,
and the LSU all revealed differences between groups.
More specifically, for the selector group, years since diag-
nosis ranged from 8 to 21 years. Comparing this time
range to that for the nonselector group, years since diag-
nosis was less, ranging between 0.5 and 16 years. In addi-
tion, for the selector group, UPDRS speech item scores
were primarily in the range of 2-3, representing mild-to-
moderate speech impairment, respectively. In comparison,
the nonselector group had UPDRS speech item scores
ranging from 1 to 2, representing minimal-to-mild speech
impairment, respectively. Finally, an inspection of the
demographic information related to the self-rated level of
speech usage (Baylor et al., 2008) revealed that most par-
ticipants in the selector group reported low levels of
speech usage, either as undemanding or as intermittent. In
comparison, most participants in the nonselector group
reported intermittent daily speech usage, with one partici-
pant reporting routine daily speech usage. This additional
contextual information provided by the LSU highlights
that, at baseline, the selector group self-reported very
restricted daily speech usage. This finding supports those
in previous research demonstrating that lower levels of
speech usage are associated with poorer communicative
participation outcomes (McAuliffe et al., 2017). Taken
together, a possible interpretation of these group differ-
ences may be related partially to overall dysarthria sever-
ity. It is possible that the selector group was composed of

individuals with a more severe communication disorder,
related either to HP severity or to the presence of other
dysarthric symptoms associated with hypokinetic dysar-
thria. As a result, the selector group may have experienced
less effective communication and increased voice-related
activity limitations and participation restrictions in their
daily lives, but following speech amplification, the selector
group may have experienced a greater perceived benefit to
communicative participation in comparison to not using
speech amplification. Conversely, the nonselector group
may not have experienced the same magnitude of per-
ceived benefit to communicative participation following
speech amplification because of a less severe communica-
tion disorder.

Limitations

Several limitations in this study warrant discussion.
The first limitation relates to the modest sample size of 17
participant dyads and the heterogeneity of our HP partici-
pants. Both of these factors limit the generalizability of
findings. Although study participants were recruited based
on the presence of HP as their primary dysarthric feature,
there were factors not controlled for such as HP severity
and the presence of other dysarthric symptoms. It is possi-
ble that other variables such as fatigue, mobility issues,
and self-perceived speech severity may have also influ-
enced ratings of participation during device trials (Baylor
et al., 2011; Dykstra et al., 2015; McAuliffe et al., 2017).
The next limitation relates to the amount of time our
study participants trialed each of the three amplification
devices. Although the inclusion of longer term device trial
periods is a relative strength of this study, the 1-week
device trial period may not have provided adequate time
to gauge the effect of an amplification device on commu-
nicative participation. It is possible that participants did
not have the opportunity to experience each of the specific
communicative contexts included on the participation-
based outcome measures. For example, on the CES, one
item asks participants to rate communicative effectiveness
while communicating when upset or angry, whereas
another item asks participants to rate communicative
effectiveness while speaking with a stranger on the phone.
It is possible that some of these communicative contexts
were not fully experienced during the given week a partici-
pant was trialing a specific amplification device. Relat-
edly, all participants were instructed to use each amplifica-
tion device over different occasions for at least 2 hr
(Knowles et al., 2020). Despite this instruction, several
participants reported not adhering to this request, espe-
cially when they did not feel the device was beneficial or
useful to their life circumstances (Knowles et al., 2020).
This sentiment related to the perceived usefulness or
enjoyability of using the device may have resulted in even
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less opportunities to experience, and subsequently rate,
communicative participation across the three device tri-
als. Unfortunately, data related to the amount of time
used with each device were not obtained from our partic-
ipants. This study limitation restricts the generalizability
of findings and the interpretation of results. The final
limitation relates to the personal communicative style of
the HP participant as well as the communicative charac-
teristics of the participant dyad. For example, participant
dyads with limited social networks and who communi-
cate primarily with each other may have been more
inclined to rate communicative participation higher after
using the personal FM system (Device C). Conversely,
participant dyads with broader social networks and who
engage in more social activities and with several commu-
nicative partners may have rated Device C as less favor-
able because of its design to be used with a single com-
munication partner. Relatedly, participants with broader
social networks, involving multiple communication part-
ners, may prefer devices that have an external loud-
speaker feature that amplifies the speech signal to a
broader audience, such as Device A or Device B. Explor-
ing how speech usage and communicative style influence
device preference, device acceptance, and communicative
participation warrants future study.

Future Directions

Future studies may wish to explore how communi-
cative participation is experienced across different amplifi-
cation devices using phenomenology. This qualitative
methodology could explore the lived experiences of indi-
viduals with HP and determine the barriers to and facili-
tators of communicative participation following speech
amplification. Future studies may also wish to explore
the development of a screening tool based on salient
participation-based outcome measures or specific items
on these measures (e.g., Total CES score, VAPP CI:
“self-perceived severity of voice problem,” VAPP ALS).
The development of a screening tool may help predict
individuals who are most likely to adopt the use of
speech amplification in their daily lives versus those who
do not adopt speech amplification. As discussed previ-
ously as a study limitation, a future study should obtain
detailed information related to the specific communica-
tive situations experienced during each device trial period
and the amount of time spent trialing each device. This
additional information could also help determine if dif-
ferences exist between device selectors and nonselectors
based on these factors. Finally, a future study may seek
to explore systematically how speech usage, communica-
tive style, communicative frequency, and self-perceived
speech severity influence communicative participation,
device preference, and device acceptance.

Summary

This study extended the research of Knowles et al.
(2020) by evaluating how HP and PCP participants rated
communicative participation both before and after experi-
ence with three different speech amplification devices out-
side of the laboratory. Although preliminary, this study has
contributed to an increased understanding of how commu-
nicative participation is rated following speech amplifica-
tion. We suggest that the inclusion of participation-based
outcome measurement, in addition to acoustic and percep-
tual outcome measurement, is essential to ensure a multidi-
mensional and comprehensive approach to device prescrip-
tion in this clinical population.
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sonable request.

Acknowledgments

This research was supported by the Parkinson Soci-
ety of Southwestern Ontario through Graduate Student
Research Funding awarded to Thea Knowles.

References

Adams, S. G., & Dykstra, A. D. (2009). Hypokinetic dysarthria.
In M. R. McNeil (Ed.), Clinical management of sensorimotor
speech disorders (2nd ed., pp. 166-186). Thieme.

Adams, S. G., Moon, B.-H., Dykstra, A. D., Abrams, K., Jenkins,
M., & Jog, M. (2006). Effects of multitalker noise on conver-
sational speech intensity in Parkinson’s disease. Journal of
Medical Speech-Language Pathology, 14(4), 221-228.

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

Ball, L. J., Beukelman, D. R., & Pattee, G. L. (2004). Communi-
cation effectiveness of individuals with amyotrophic lateral
sclerosis. Journal of Communication Disorders, 37(3), 197-215.
https://doi.org/10.1016/j.jcomdis.2003.09.002

Baylor, C., Burns, M., Eadie, T., Britton, D., & Yorkston, K.
(2011). A qualitative study of interference with communicative
participation across communication disorders in adults. Amer-
ican Journal of Speech-Language Pathology, 20(4), 269-287.
https://doi.org/10.1044/1058-0360(2011/10-0084)

Baylor, C., Yorkston, K., Eadie, T., Miller, R., & Amtmann, D.
(2008). Levels of Speech Usage: A self-report scale for
describing how people use speech. Journal of Medical Speech-
Language Pathology, 16(4), 191-198.

Cohen, J. (1988). Statistical Power Analysis for the Behavioral
Sciences. Routledge Academic.

Page et al.: Amplifier for Hypophonia and Participation 1863


https://doi.org/10.1044/2015_AJSLP-15-0008
https://doi.org/10.1016/j.jcomdis.2003.09.002
https://doi.org/10.1044/1058-0360(2011/10-0084)

Complimentary Author PDF:

Costa, A., Peppe, A., Caltagirone, C., & Carlesimo, G. A. (2008).
Prospective memory impairment in individuals with Parkin-
son’s disease. Neuropsychology, 22(3), 283-292. https://doi.org/
10.1037/0894-4105.22.3.283

Donovan, N. J., Kendall, D. L., Young, M. E., & Rosenbek, J. C.
(2008). The Communicative Effectiveness Survey: Preliminary
evidence of construct validity. American Journal of Speech-
Language Pathology, 17(4), 335-347. https://doi.org/10.1044/
1058-0360(2008/07-0010)

Donovan, N. J., Velozo, C. A., & Rosenbek, J. C. (2007). The
Communicative Effectiveness Survey: Investigating its item-
level psychometric properties. Journal of Medical Speech-
Language Pathology, 15(4), 433-447.

Duffy, J. R. (2013). Motor speech disorders: Substrates, differen-
tial diagnosis, and management (3rd ed.). Mosby.

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

Eadie, T. L., Yorkston, K. M., Klasner, E. R., Dudgeon, B. J.,
Deitz, J. C., Baylor, C. R., Miller, R. M., & Amtmann, D.
(2006). Measuring communicative participation: A review of
self-report instruments in speech-language pathology. Ameri-
can Journal of Speech-Language Pathology, 15(4), 307-320.
https://doi.org/10.1044/1058-0360(2006/030)

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

Gaballah, A., Parsa, V., Andreetta, M., & Adams, S. (2019).
Objective and subjective speech quality assessment of amplifi-
cation devices for patients with Parkinson’s disease. /EEFE
Transactions on Neural Systems and Rehabilitation Engineer-
ing, 27(6), 1226-1235. https://doi.org/10.1109/TNSRE.2019.
2915172

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

Hawkins, D. B. (1984). Comparisons of speech recognition in
noise by mildly-to-moderately hearing-impaired children
using hearing aids and FM systems. Journal of Speech and
Hearing Disorders, 49(4), 409-418. https://doi.org/10.1044/
jshd.4904.409

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

Ho, A. K., Iansek, R., & Bradshaw, J. L. (1999). Regulation of
parkinsonian speech volume: The effect of interlocuter dis-
tance. Journal of Neurology, Neurosurgery & Psychiatry,
67(2), 199-202. https://doi.org/10.1136/jnnp.67.2.199

Hummel, T. J., & Sligo, J. R. (1971). Empirical comparison of
univariate and multivariate analysis of variance procedures.
Psychological Bulletin, 76(1), 49-57. https://doi.org/10.1037/
h0031323

Hustad, K. (1999). Optimizing communicative effectiveness:
Bringing it together. In K. Yorkston, D. Beukelman, E. A.

Not for Broad Dissemination

Strand, & K. R. Bell (Eds.), Management of motor speech dis-
orders in children and adults (pp. 483-537). Pro-Ed.

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

Knowles, T., Adams, S. G., Page, A. D., 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

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

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.
Journal of Speech and Hearing Disorders, 43(1), 47-57. https://
doi.org/10.1044/jshd.4301.47

Ma, E. P.-M., & Yiu, E. M.-L. (2001). Voice Activity and Partic-
ipation Profile: Assessing the impact of voice disorders on daily
activities. Journal of Speech, Language, and Hearing Research,
44(3), 511-524. https://doi.org/10.1044/1092-4388(2001/040)

McAuliffe, M. J., Baylor, C. R., & Yorkston, K. M. (2017). Vari-
ables associated with communicative participation in Parkin-
son’s disecase and its relationship to measures of health-
related quality-of-life. International Journal of Speech-Language
Pathology, 19(4), 407-417. https://doi.org/10.1080/17549507.
2016.1193900

McAuliffe, M. J., Carpenter, S., & Moran, C. (2010). Speech
intelligibility and perceptions of communication effectiveness
by speakers with dysarthria following traumatic brain injury
and their communication partners. Brain Injury, 24(12), 1408
1415. https://doi.org/10.3109/02699052.2010.511590

McRae, C., Diem, G., Vo, A., O’Brien, C., & Seeberger, L.
(2002). Reliability of measurements of patient health status: A
comparison of physician, patient, and caregiver ratings. Par-
kinsonism & Related Disorders, 8(3), 187-192. https://doi.org/
10.1016/S1353-8020(01)00009-8

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.
1111/5.1532-5415.2005.53221.x

Oxtoby, M. (1982). Parkinson’s disease patients and their social
needs: A survey of patients in contact with the Parkinson’s Dis-
ease Society. Parkinson’s Disease Society.

Parveen, S., & Goberman, A. M. (2017). Comparison of self and
proxy ratings for Voice Handicap Index and motor-related
quality-of-life of individuals with Parkinson’s disease. Interna-
tional Journal of Speech-Language Pathology, 19(2), 174-183.
https://doi.org/10.3109/17549507.2016.1167242

PENTAX Medical. (2019). Visi-Pitch, Model 3950. https://www.
pentaxmedical.com/pentax/en/99/1/Visi-Pitch-Model-3950C-
Computerized-Speech-Lab-CSL-Model-4500B

Pfeiffer, H. C. V., Lokkegaard, A., Zoetmulder, M., Friberg,
L., & Werdelin, L. (2014). Cognitive impairment in early-
stage non-demented Parkinson’s disease patients. Acta Neuro-
logica Scandinavica, 129(5), 307-318. https://doi.org/10.1111/
ane.12189

Ramig, L. O., Fox, C., & Sapir, S. (2004). Parkinson’s disease:
Speech and voice disorders and their treatment with the Lee

1864 American Journal of Speech-Language Pathology e Vol. 32 e 1850—1865 e August 2023


https://doi.org/10.1037/0894-4105.22.3.283
https://doi.org/10.1037/0894-4105.22.3.283
https://doi.org/10.1044/1058-0360(2008/07-0010)
https://doi.org/10.1044/1058-0360(2008/07-0010)
https://doi.org/10.1016/j.jcomdis.2015.06.012
https://doi.org/10.1044/1058-0360(2006/030)
https://doi.org/10.1044/1058-0360.0602.85
https://doi.org/10.1044/1058-0360.0602.85
https://doi.org/10.1109/TNSRE.2019.2915172
https://doi.org/10.1109/TNSRE.2019.2915172
https://doi.org/10.1017/S0022215100075629
https://doi.org/10.1177/1084713807301322
https://doi.org/10.1177/1084713807301322
https://doi.org/10.1044/jshd.4904.409
https://doi.org/10.1044/jshd.4904.409
https://doi.org/10.1016/S0028-3932(99)00067-6
https://doi.org/10.1136/jnnp.67.2.199
https://doi.org/10.1037/h0031323
https://doi.org/10.1037/h0031323
https://doi.org/10.1006/brln.2001.2602
https://doi.org/10.1006/brln.2001.2602
https://doi.org/10.1044/2020_JSLHR-20-00085
https://doi.org/10.3109/14992021003645902
https://doi.org/10.1044/jshd.4301.47
https://doi.org/10.1044/jshd.4301.47
https://doi.org/10.1044/1092-4388(2001/040)
https://doi.org/10.1080/17549507.2016.1193900
https://doi.org/10.1080/17549507.2016.1193900
https://doi.org/10.3109/02699052.2010.511590
https://doi.org/10.1016/S1353-8020(01)00009-8
https://doi.org/10.1016/S1353-8020(01)00009-8
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/10.3109/17549507.2016.1167242
https://www.pentaxmedical.com/pentax/en/99/1/Visi-Pitch-Model-3950C-Computerized-Speech-Lab-CSL-Model-4500B
https://www.pentaxmedical.com/pentax/en/99/1/Visi-Pitch-Model-3950C-Computerized-Speech-Lab-CSL-Model-4500B
https://www.pentaxmedical.com/pentax/en/99/1/Visi-Pitch-Model-3950C-Computerized-Speech-Lab-CSL-Model-4500B
https://doi.org/10.1111/ane.12189
https://doi.org/10.1111/ane.12189

Complimentary Author PDF: Not for Broad Dissemination

Silverman Voice Treatment. Seminars in Speech and Lan-
guage, 25(02), 169-180. https://doi.org/10.1055/s-2004-825653
Rodriguez, L. M. S., Marcinowska, A., Go, C., Gonzalez, A.,
Pinto, G., Nai, Q., Juvvingunta, V., Escobar, O., Lima, J. P.,
Bedoya-Ismodes,, E., Arshad, M. M., Benites, A. C., Couto,
R., Perez, A., Pavlovic, A., Garcia, S. R., Akram, J.,
Dominguez, J., dos Santos, L., ... Schwartz, D. (2022). The
effect of SpeechVive device on speech intelligibility in Parkin-
son’s disease patients: Randomized clinical trial protocol.
Principles and Practice of Clinical Research, 8(2), 9-16.
https://doi.org/10.21801/ppcrj.2022.82.2

Rubow, R., & Swift, E. (1985). A microcomputer-based wearable
biofeedback device to improve transfer of treatment in Parkin-
sonian dysarthria. Journal of Speech and Hearing Disorders,
50(2), 178-185. https://doi.org/10.1044/jshd.5002.178

Stathopoulos, E. T., Huber, J. E., Richardson, K., Kamphaus, J.,
DeCicco, D., Darling, M., Fulcher, K., & Sussman, J. E.
(2014). Increased vocal intensity due to the Lombard effect in

speakers with Parkinson’s disease: Simultaneous laryngeal and
respiratory strategies. Jowrnal of Communication Disorders,
48, 1-17. https://doi.org/10.1016/j.jcomdis.2013.12.001

Testa, D., Fetoni, V., Soliveri, P., Musicco, M., Palazzini, E., &
Girotti, F. (1993). Cognitive and motor performance in multi-
ple system atrophy and Parkinson’s disease compared.
Neuropsychologia, 31(2), 207-210. https://doi.org/10.1016/0028-
3932(93)90048-5

Testa, D., Monza, D., Ferrarini, M., Soliveri, P., Girotti, F., &
Filippini, G. (2001). Comparison of natural histories of progres-
sive supranuclear palsy and multiple system atrophy. Neurologi-
cal Sciences, 22, 247-251. https://doi.org/10.1007/s100720100021

Threats, T. (2007). Access for persons with neurogenic communi-
cation disorders: Influences of personal and environmental
factors of the ICF. Aphasiology, 21(1), 67-80. https://doi.org/
10.1080/02687030600798303

World Health Organization. (2001). ICF: International Classifica-
tion of Functioning, Disability and Health.

Page et al.: Amplifier for Hypophonia and Participation 1865


https://doi.org/10.1055/s-2004-825653
https://doi.org/10.21801/ppcrj.2022.82.2
https://doi.org/10.1044/jshd.5002.178
https://doi.org/10.1016/j.jcomdis.2013.12.001
https://doi.org/10.1016/0028-3932(93)90048-5
https://doi.org/10.1016/0028-3932(93)90048-5
https://doi.org/10.1007/s100720100021
https://doi.org/10.1080/02687030600798303
https://doi.org/10.1080/02687030600798303

	A Comparison of Voice Amplifiers and Personal Communication Systems for Hypophonia: An Exploration of Communicative�Participation
	Purpose
	Method
	Participants
	Devices
	Patient-Reported Outcome Measures
	Protocol
	Visit 1: Baseline
	Visits 2&ndash;4: &b_k;At-&e_k;&b_k;Home&e_k; Device Trials

	Statistical Analyses
	Self-Rated Communicative Participation Reported by HP Participants: &b_k;Pre-&e_k;&b_k;&e_k; Versus Post-Device
	HP Versus PCP &b_k;Self-&e_k;&b_k;Rated&e_k; Communicative Participation Evaluated in the Four �Device Conditions
	Selector Versus Nonselector &b_k;Self-&e_k;&b_k;Rated&e_k; Communicative Participation at Baseline �(Pre-Device)


	Results
	Self-Rated Communicative Participation Reported by HP Participants: &b_k;Pre-&e_k;&b_k;&e_k; Versus Post-Device
	HP Versus PCP &b_k;Self-&e_k;&b_k;Rated&e_k; Communicative Participation Evaluated in the Four �Device Conditions
	Selector Versus Nonselector &b_k;Self-&e_k;&b_k;Rated&e_k; Communicative Participation at Baseline (Pre-Device)

	Discussion
	Limitations
	Future Directions

	Summary
	Data Availability Statement
	Acknowledgments
	References



