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Evaluation of Speech Amplification
Devices in Parkinson’s Disease
Monika D. Andreetta,a Scott G. Adams,a Allyson D. Dykstra,a and Mandar Joga
Purpose: The purpose of this study was to evaluate the
efficacy of selected speech amplification devices in individuals
with hypophonia and idiopathic Parkinson’s disease (PD).
Method: This study compared the effectiveness of seven
devices (ADDvox, BoomVox, ChatterVox, Oticon Amigo,
SoniVox, Spokeman, and Voicette) to unamplified speech
for 11 participants with PD during conversation in 65-dB SPL
multitalker noise, using experience ratings collected from
participant questionnaires and speech performance measures
(i.e., speech-to-noise ratio [SNR], speech intensity, and
intelligibility) obtained from audio recordings.
Results: Compared with unamplified speech, device use
increased SNR by 1.07–4.73 dB SPL and speech intensity
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by 1.1–5.1 dB SPL, and it significantly increased transcribed
intelligibility from 13.8% to 58.9%. In addition, the type of
device used significantly affected speech performance
measures (e.g., BoomVox was significantly higher than most of
the other devices for SNR, speech intensity, and intelligibility).
However, experience ratings did not always correspond to
performance measures.
Conclusions: This study found preliminary evidence of
improved speech performance with device use for individuals
with PD. A tentative hierarchy is suggested for device
recommendations. Future research is needed to determine
which measures will predict long-term device acceptance
in PD.
I diopathic Parkinson’s disease (PD) is the second most
common neurodegenerative disease, with an estimated
prevalence of between 1 and 3 per 100 people ages

65 years and older (Wirdefeldt, Adami, Cole, Trichopoulos,
& Mandel, 2011). There is no known cure for PD, and indi-
viduals can anticipate living with the disease and its effects
for approximately 15 years postdiagnosis (Duffy, 2013).
Therefore, symptom management is of primary concern.

Approximately 70% of individuals with PD will de-
velop a speech impairment, which might not be alleviated
with medication, and the majority of these speech symptoms
are diagnosed as hypokinetic dysarthria (Adams & Dykstra,
2009; Darley, Aronson, & Brown, 1975; Spencer, Morgan,
& Blond, 2009). Hypokinetic dysarthria has been described
as encompassing various distinctive speech disturbances,
including reduced loudness (hypophonia), short utterances,
repeated phonemes, reduced stress, monopitch, mono-
loudness, inappropriate silences, short rushes of speech,
variable rate, increased segment rate, rapid rate overall,
and imprecise consonant articulation (Darley et al., 1975;
Duffy, 2013; Logemann, Fisher, Boshes, & Blonsky, 1978).
Hypophonia is a significant impairment for 40%–50%
of individuals with hypokinetic dysarthria and can manifest
even in the early stages of PD (Adams & Dykstra, 2009;
Kempler & Van Lancker, 2002). Hypophonia refers to a
diminished speech intensity, which is generally 2–5 dB SPL
lower than that of healthy geriatric individuals and corre-
sponds to a 40% reduction in perceived speech volume
(Adams, Winnell, & Jog, 2010; Fox & Ramig, 1997). The
underlying pathophysiological mechanism may be dimin-
ished adductory force of the vocal folds, given that intensity
depends in part on adequate subglottal pressure accumula-
tion (Duffy, 2013). However, there is evidence to suggest
that hypophonia may be more accurately attributed to a sen-
sorimotor deficit in the self-perceived loudness of the individ-
ual’s speech (Adams et al., 2010; Clark, Adams, Dykstra,
Moodie, & Jog, 2014; Ho, Bradshaw, & Iansek, 2000; Ho,
Bradshaw, Iansek, & Alfredson, 1999).
Speech Intensity and Speech Intelligibility
The relationship between speech intensity and speech

intelligibility can be investigated by measuring signal-to-
noise ratio (hereinafter referred to as speech-to-noise ratio
or SNR; Kryter, 1994). When the noise intensity is subtracted
from the speech intensity, the resultant value of the isolated
speech signal is the SNR (DeBonis & Donohue, 2008). Con-
ditions in which the speech intensity is less than or equal to
Disclosure: The authors have declared that no competing interests existed at the time
of publication.
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the noise (SNR ≤ 0 dB SPL) may impede the processing of
speech sounds, which is essential for understanding speech.

Speakers have a natural compensatory response,
known as the Lombard effect, that involves increasing their
speech intensity in response to increases in background
noise (Lane & Tranel, 1971). The Lombard effect helps to
maintain a positive SNR and optimize the effectiveness of
communication (Pick, Siegel, Fox, Garber, & Kearney, 1989).

The Lombard effect may be triggered when noise
exceeds 50 dB SPL, and the extent to which the effect is ex-
hibited may depend on the nature of the message in terms
of the sender’s unconscious perception of the importance of
preserving intelligibility in order to convey the intended
message (Dykstra, 2007). However, given the sensorimotor
integration deficits exhibited in PD, it is important to con-
sider the extent to which the Lombard effect is retained in PD
and the effect that this has on speech intensity modulation
and intelligibility (Adams et al., 2006; Adams, Haralabous,
Dykstra, Abrams, & Jog, 2005; Lane & Tranel, 1971).

Kent, Weismer, Kent, and Rosenbek (1989) defined
speech intelligibility as the accurate perception of the speech
signal being transmitted. Because both the perception and
production of a speech signal are fundamental to intelligi-
bility, the low SNR from hypophonia may exacerbate
reductions in speech intelligibility associated with the artic-
ulatory difficulties of hypokinetic dysarthria. Adams,
Dykstra, Jenkins, and Jog (2008) reported that when both
individuals with PD and control participants produced an
SNR below 1.8 dB SPL during a conversation task, speech
intelligibility scores fell below 50% (i.e., fewer than half
of the words in each utterance could be identified by the lis-
tener). For both groups, an SNR of 5–7 dB SPL was asso-
ciated with intelligibility scores of approximately 80%. In
addition, despite some evidence that individuals with PD
displayed a typical Lombard effect, a negative relationship
was found between SNR and background noise levels and
between intelligibility scores and noise levels for both
individuals with PD and control participants (Adams et al.,
2008; Ho et al., 1999). For example, the control group had
an average SNR of approximately 5 dB SPL and an aver-
age intelligibility score of 90% in 60 dB SPL of noise, which
fell to an average of approximately 3 dB SPL SNR and
an average intelligibility score of approximately 70% in
70 dB SPL of noise (Adams et al., 2008). In contrast, the PD
group had an average SNR of approximately 3 dB SPL and
an average intelligibility score of 65% in 60 dB SPL of noise,
which fell to an average of approximately 1.5 dB SPL SNR
and an average intelligibility score of approximately 45%
in 70 dB SPL of noise (Adams et al., 2008). These findings
of a negative correlation between intelligibility and back-
ground noise and an overall reduction in conversational
speech intelligibility in PD relative to control are consistent
with a more recent investigation conducted by Dykstra,
Adams, and Jog (2012). This suggests that as background
noise increases, the SNR and intelligibility decrease, and
this effect is even more pronounced for individuals with
PD who have consistently lower speech intensity relative to
controls.
30 American Journal of Speech-Language Pathology • Vol. 25 • 29–45
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Many intelligibility tests developed to assess dysarthria
(e.g., reading or repetition tasks) assume uniformity of speech
impairments and may underestimate impairments that
manifest during the more variable speech tasks of everyday
life (Kempler & Van Lancker, 2002). There is evidence that
spontaneous speech is significantly less intelligible than
reading aloud and repeating utterances (Frearson, 1985;
Kempler & Van Lancker, 2002; Tjaden, 2006). In addition,
conversation and other cognitively demanding speech tasks
can greatly reduce speech intensity, especially for individ-
uals with PD (Ho et al., 1999). Thus, experimental manipu-
lations of both background noise level and speech task
type are critical to accurately measure intelligibility for indi-
viduals with PD.
Therapeutic Treatment and Limitations
Miller, Noble, and Jones (2006) found that the four

most prominent aspects of communication that affect qual-
ity of life for individuals with PD were social interaction,
extemporaneous speech, intelligibility, and voice quality.
Individuals with PD reported that the speech deficits of
greatest concern were the perceived reduction in the ability
to communicate, altered self-perception, and difficulty in
long-term compensation for speech deficits, especially loud-
ness, which often resulted in social disengagement (Miller
et al., 2006). Thus, rehabilitation interventions that are
focused on these key communication concerns may affect
overall patient outcomes most profoundly (National Institute
for Clinical Excellence, 2005).

Currently, the three common approaches to treat-
ment of speech symptoms associated with hypokinetic
dysarthria, including hypophonia, are behavioral speech
therapy, biofeedback therapy, and prosthetic or assistive
speech devices (Adams & Dykstra, 2009). There is substan-
tial research that supports successful treatment outcomes
for hypophonia from behavioral therapy (e.g., the Lee
Silverman Voice Treatment; Ramig, Fox, & Sapir, 2004)
and biofeedback therapy, which is the use of computer-based
programs to provide online feedback on speech parameters,
such as loudness (Scott & Caird, 1983). However, some
evidence suggests that these improvements may fail to
transfer outside the clinical setting (Adams & Dykstra,
2009; Rubow & Swift, 1985). This issue is a significant con-
cern because some studies suggest that cognitive and senso-
rimotor impairments in PD may impair learning and that
learning may be heavily context dependent for this clinical
population (Adams & Dykstra, 2009). It is fortunate that
speech amplification devices present a potential solution to
the transfer-of-treatment issue.
Speech Amplification Devices
Speech amplification devices are a type of portable

augmentative and alternative communication device that
uses an individual’s natural voice. According to the Ameri-
can Speech-Language-Hearing Association (1989), such
• February 2016
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devices “attempt to compensate (either temporarily or per-
manently) for the impairment and disability patterns of indi-
viduals with severe expressive communication disorders”
(p. 107). In PD, speech amplification devices counteract the
pattern of low speech intensity.

Early preliminary reports by Greene, Watson, Gay,
and Townsend (1972) suggest that speech amplification
devices may contribute to improvements in speech intelligi-
bility by increasing the audibility of speech and by facilitat-
ing self-correction through self-monitoring. For example,
it has been proposed that voice amplification may facilitate
a reduction in the effort required to speech and enhance
aural feedback, which may improve the accuracy of the
speaker’s perception of their speech and facilitate self-
correction of imprecise articulation to improve intelligibility
(Greene et al., 1972).

Speech amplification devices can vary in metrics such
as signal-to-noise characteristics, amount of signal amplifi-
cation, and audio frequency response range, and these dif-
ferences in specifications may affect functional outcome
measures such as speech intelligibility. In addition, specific
disorder characteristics may be more or less sensitive to
change on the basis of the use of a speech amplification de-
vice. For example, individuals with PD who speak in a
whisper may have limited improvements in intelligibility from
the use of speech amplification devices alone (Beukelman
& Mirenda, 1998). Although amplification will enhance
loudness and improve intelligibility of quiet speech, there
are some features of speech sounds that are affected when
speech is whispered (e.g., distinctions between voiced and
voiceless stops) that would not be restored by simply increas-
ing the loudness of the signal. It is unfortunate that the body
of research on speech amplification devices is limited in
terms of the disorder populations studied, conclusiveness of
results, and number and types of devices compared.

In 2002, Roy et al. found that the ChatterVox voice
amplifier, manufactured by Asyst Communications, was
associated with better clarity, ease of voice production, and
higher treatment compliance than a vocal hygiene program
for teachers with voice disorders. In 2003, Roy et al. re-
peated this study with a larger sample size, but they included
resonance therapy and respiratory muscle training as treat-
ment alternatives. Again, the ChatterVox provided increased
clarity and ease of voice production and overall voice im-
provement relative to the other treatments. Although the
population included was limited to teachers, the results of
these studies provide some support for the efficacy of speech
amplification devices.

In 2002, Weiss compared the intelligibility of two se-
verely dysarthric speakers using (a) the Speech Enhancer,
(b) the ChatterVox, and (c) unamplified speech in various
noise conditions. The Speech Enhancer, developed by Elec-
tronic Speech Enhancer, Inc., electronically filters and se-
lectively amplifies a specific frequency range (800–4000 Hz)
within a person’s speech signal, whereas the ChatterVox
and other traditional speech amplifiers do not filter out or
amplify specific frequency ranges from the signal. The
Speech Enhancer and ChatterVox were associated with
Andr
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higher intelligibility scores in loud background noise than
those associated with unamplified speech.

In 2005, Bain, Ferguson, and Mathisen compared the
effect of using the Speech Enhancer, the Voicette voice am-
plifier (Luminaud, Inc.), and unamplified speech on speech
intelligibility in hyperkinetic dysarthria. For the less ex-
perienced and inexperienced judges, the unamplified condi-
tion produced significantly higher intelligibility than the
Speech Enhancer did. However, use of the Speech Enhancer
produced significantly more intelligible speech during the
spontaneous speech task according to the experienced judges.
Therefore, the results were inconclusive due to variations
between the levels of experience of the judges and between
speech tasks.

Although the findings in the previously discussed
studies are limited, the general trend suggests that speech
amplification devices may be an effective treatment option
for individuals with PD and hypophonia. As efficacy re-
search accumulates, the benefits of specific speech amplifi-
cation devices may exceed the improvements reported from
other treatments in some cases.

Speech Amplification Devices in Clinical Practice
In 2009, Bertrand conducted a study investigating

which factors influence speech amplification device prescrip-
tion in the United States and how prescription is distributed
across clinical populations. The primary factor determining
device prescription, as identified by 37 of the 62 participating
speech-language pathologists (SLPs), was “patient prefer-
ence and comfort” (Bertrand, 2009, p. 26). Although it may
be assumed that patient preference correlates to successful
device use, it appears that no published studies have investi-
gated the existence or strength of this relationship. Another
important finding was that the SLPs were not well informed
about the variety of devices on the market. Almost 90%
of SLPs surveyed had heard of the ChatterVox and about
73% had used it, making it the most commonly known and
prescribed speech amplifier. As for other commonly pre-
scribed speech amplification devices, such as the Speech
Enhancer, EchoVoice EV4, and Spokeman, roughly a third
of SLPs had never heard of these devices, and about half of
SLPs had never used them.

In addition, when examining prescription distribution
across different clinical populations, Bertrand (2009) found
that speech amplification devices were more commonly pre-
scribed for PD than all other communication disorders.
Over 70% of the SLPs surveyed had prescribed speech am-
plification devices for PD and other motor speech disorders.
Therefore, the lack of efficacy research and clinical knowl-
edge regarding speech amplification devices is a significant
concern for individuals with PD in particular.

The purpose of this study was to evaluate the efficacy
of selected speech amplification devices in individuals with
hypophonia and PD. Device effectiveness was examined
during conversational speech in background noise using
participant experience ratings and speech performance mea-
sures (i.e., SNR, speech intensity, and speech intelligibility
eetta et al.: Evaluation of Speech Amplification Devices in PD 31
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scores). It was predicted that device-amplified speech would
be more effective than unamplified speech and that there
would be significant differences among the selected amplifi-
cation devices in participant experience ratings and speech
performance measures.

Method
Participants

This study included 11 individuals with hypophonia
and mild to moderate idiopathic PD (aged 58–80 years;
M = 70.9 years; 10 men, 1 woman). The average number
of years since diagnosis of PD was 6.7 years (range = 1–
16 years). Participants with PD were tested approximately
1 hr after their regularly scheduled anti-Parkinson medi-
cation. Two of the participants with PD were not on anti-
Parkinson medications, whereas all other participants were
on levodopa–carbidopa medication. None of the partici-
pants with PD had been previously prescribed a speech
amplification device. The participants had no prior history
of speech, language, or hearing problems. The Mini Mental
State Examination (Folstein, Folstein, & McHugh, 1975)
was used to exclude participants with dementia (cutoff
score = 26/30). All participants with PD passed a bilateral
30 dB HL hearing screening at 500, 1000, and 2000 Hz.

This study also included 10 participants (9 women,
1 man) aged 21–25 years (M = 22.7) who served as listeners
for an intelligibility test that used a visual analog scaling
procedure. One additional female participant (23 years
old) served as a listener for a transcription-based intelligi-
bility test. None of the listener participants had previous
experience with dysarthric speech. This study was approved
by the Health Sciences Research Ethics Board at Western
University, London, ON, Canada.

Speech Amplification Devices
This study evaluated seven speech amplification de-

vices (see Figure 1): Addvox (Addvox, Waltham, MA),
Boomvox (Griffin Laboratories, Temecula, CA), Chatterbox
(Connections Unlimited, Nashville, TN), Oticon Amigo
(Oticon, Smørum, Denmark), Sonivox (Griffin Laboratories,
Temecula, CA), Spokeman (KEC Innovations, Singapore),
and Voicette (Luminaud Inc., Mentor, OH). The ADDvox,
ChatterVox, BoomVox, SoniVox, and Spokeman were
selected for inclusion in this study because they have been
previously recommended by their manufacturers for individ-
uals with PD, and all five are approved by the Ontario
Ministry of Health and Long-Term Care’s Assistive Devices
Program. The Voicette is an older device that was previously
approved by the ministry’s program. The Oticon Amigo
is prescribed mainly to assist with hearing impairment; how-
ever, it was included in the present study because of its high-
quality lightweight speaker accessory, which enabled it to
function comparably to the other speech amplification
devices. Thus, the Oticon Amigo represents a potentially
effective type of amplification system that has rarely been
considered for the treatment of PD.
32 American Journal of Speech-Language Pathology • Vol. 25 • 29–45
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The ADDvox (Stanton Magnetics, Inc.), SoniVox
(Griffin Laboratories, Inc.), and ChatterVox are similar in
dimensions, weight, and placement style. The dimensions of
the three amplifiers are approximately 8 × 3 × 3 in. (20.32 ×
7.62 × 7.62 cm) with an approximate weight of 1–2 lbs.
(0.45–0.91 kg), and all three devices come with an adjustable
belt strap to be worn around the waist. The Spokeman
(KEC Innovations) can be worn around the waist or the
arm, and it is the smallest and lightest speech amplifier in-
cluded in this study with dimensions of 2.76 × 2.76 × 1.34 in.
(7.01 × 7.01 × 3.4 cm) and a weight of 3.7 oz (0.10 kg). The
Voicette is a larger speech amplifier with dimensions of 6.5 ×
6.5 × 3 in. (16.51 × 16.51 × 7.62 cm) and a weight of 2 lbs.
(0.91 kg); it is designed to be worn over the shoulder.
The BoomVox (Griffin Laboratories, Inc.) is the largest of
all the speech amplification devices, with dimensions of 7 ×
4 × 11 in. (17.78 × 10.16 × 27.94 cm) and a weight of 5 lbs.
(2.27 kg). The lightweight, wireless transmitter has a belt
clip, and the speaker accessory can be carried by a handle.
The Oticon Amigo (Oticon A/S) has a lightweight, wireless
transmitter with a belt clip and a receiver that also has a
belt clip, and it can be connected to headphones or a light-
weight speaker accessory; the latter was used in this study.

Microphones were paired with the speech amplification
devices according to the microphone options included by
default with the devices. The Voicette was the only device
that utilized a handheld microphone because it was considered
to be of superior quality to the headset microphone option.

Two important variables in device specification cap-
tured by the devices selected for this study were speaker size
and connection type. In general, the output from smaller
speakers have lower intensities than larger speakers of the
same amplification power. In the present study, the speaker
volume was set at a level just below that which triggered con-
tinuous electronic or auditory feedback distortions for each
participant. The FM technology used with the BoomVox and
Oticon Amigo is an important variable due to the com-
pression of the speech signal necessary for wireless trans-
mission. This compression could affect the fidelity of the
signal by reducing the frequency range of the audio (Bell,
2012). In addition, FM technology is subject to interference
from any other signals being broadcast on the FM wireless
spectrum (Bell, 2012).
Procedure
Speech Tasks

Speech samples were collected in the Speech Movement
Disorders Lab in Elborn College at Western University.
Conversational speech samples were gathered in 65-dB SPL
multitalker background noise during eight device conditions.
The experiment consisted of seven conditions in which each
of the devices (ADDvox, BoomVox, ChatterVox, Oticon
Amigo, SoniVox, Spokeman, and Voicette) was used and
one condition of unamplified speech where no device was
used. The last device condition (no device) served as a control
for speech performance measures (i.e., SNR, speech intensity,
and conversational speech intelligibility) for each speaker.
• February 2016



Figure 1. Pictures of the speech amplification devices. Top (left to right): ADDvox, ChatterVox, SoniVox, Spokeman. Bottom (left to right):
BoomVox, Oticon Amigo, Voicette.
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The eight device conditions were randomized for each partic-
ipant with PD. It should be noted that the participants per-
formed in three additional conditions that were part of a
larger unpublished study and that will not be reported in the
present study (Andreetta, 2013). These unreported condi-
tions included conversational speech in no background noise
and the Sentence Intelligibility Test (Yorkston, Beukelman,
& Tice, 1996) in no-noise and 65-dB noise conditions.

Before each new device condition, speakers were
reminded to use their typical speech intensity and rate.
Speakers engaged in an unscripted conversation with one
of the examiners for approximately 2 min per device condi-
tion. The purpose of this task was to simulate an ecologi-
cally valid speech context by mimicking the demands of
real-life situations in which the performance of the device is
most pertinent. The examiner elicited extemporaneous speech
from the participant by posing selected open-ended ques-
tions and logical follow-up questions to prompt additional
utterances as needed. The topics presented in the examiner’s
questions were those with which the speaker was likely to
be comfortable and familiar (e.g., a memorable or recent trip,
hobbies, current or former occupation).

Experimental Setup
Speech was recorded with a headset microphone

(AKG c520) placed 6 cm from the participant’s mouth and
a stand-mounted omnidirectional dynamic microphone
placed 4 m from the participant. Two loudspeakers remained
at a constant distance from the speaker to distribute free-
field background noise. Prerecorded, four-talker background
noise (Audiotech Corp.) was played through the two loud-
speakers to produce 65-dB SPL multitalker noise. The multi-
talker noise was calibrated to 65 dB SPL using a sound level
meter placed beside the stand-mounted microphone (4 m),
beside the participant’s head, and beside the examiner’s head.
This noise intensity level was chosen because it exceeds the
threshold to trigger the Lombard effect and it represents a
noise level that is equivalent to what speakers may experience
Andr
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in daily communication situations (e.g., moderate cafeteria
noise; Adams et al., 2005; Adams et al., 2006; Dykstra
et al., 2012). A second floor microphone (2 m) was also
calibrated to 65 dB SPL. A preliminary evaluation of the
recordings from this floor microphone indicated that many
of the devices were associated with 100% intelligibility. To
avoid a ceiling effect and to increase the sensitivity of the
outcome measures, the more distant 4-m floor microphone
recordings were used in the present study.

Participant Experience Questionnaire
Immediately after using each device, speakers com-

pleted a device-based experience questionnaire to rate their
experience on a visual analog scale (VAS) for each of the
following dimensions: (a) physical comfort, (b) visual pre-
sentation, (c) sound quality, (d) perceived amplification
power, and (e) overall preference (see Appendix A). This
sequence allowed participants to gather a more cogent
analysis of their experience with each device when filling
out the questionnaire, despite the large number of devices
compared in a limited time frame.

Acoustic Analyses
Two objective acoustic measures (average speech in-

tensity and average SNR) were of primary interest in this
study. Speech intensity and noise intensity values were ob-
tained from the 4-m recordings using the intensity analysis
functions in PRAAT software (Boersma & Weenink, 2008).
Speech intensity values were obtained for 11 utterances
(minimum five-word utterance lengths) in each of the eight
device conditions. The utterances were continuous (fluent),
and pauses greater than 250 ms were excluded from the
average intensity measurements.

Average noise values were obtained by measuring
intensity for three nonspeech selections (of the 65-dB SPL
multitalker background noise) that occurred between spoken
utterances. SNR was calculated by subtracting the average
intensity of the three nonspeech noise selections from the
eetta et al.: Evaluation of Speech Amplification Devices in PD 33
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average intensity of the 11 utterances to obtain a single ratio
for each participant in each of the eight device conditions.

Listening Tasks
The assessment of the intelligibility of conversational

speech is associated with an important methodological
challenge related to uncertainty of the intended utterance.
Without knowing the intended utterance, it is very difficult
to score the accuracy of listener transcriptions. Because
of this challenge, most attempts to measure conversational
speech intelligibility in dysarthric participants have used
listener rating scales (i.e., equal-appearing interval scales or
VASs) instead of transcription procedures. One exception
is a novel transcription procedure that was used with hypo-
phonic PD participants (Adams et al., 2008). This tran-
scription procedure used a headset microphone to estimate
the intended utterances of the speakers with hypophonia as
they spoke in different levels of background noise (Adams
et al., 2008). The present study used this new transcription
procedure and the traditional VAS procedure to measure
conversational speech intelligibility. Thus, two different lis-
tening tasks were used to obtain two separate measures
of intelligibility: (a) a transcription-based intelligibility score
and (b) an intelligibility score that was based on a VAS
listening procedure. For both listening tasks, the naïve lis-
teners were not present at the time of the recordings and
were blinded to all information about the speakers and to
the content of the sentences. In the transcription task, the
listener orthographically transcribed randomized speech
samples for all 88 utterances (11 utterances × 8 devices) ob-
tained from each PD participant for a total of 968 con-
versational utterances (88 utterances × 11 participants).
The listener transcribed the speech recordings, which were
obtained from the stand-mounted microphone placed 4 m
from the participants, over the course of approximately
four 2-hr listening sessions. One of the investigators inde-
pendently transcribed all of the same utterances using the
simultaneous recordings obtained from the participants’
headset microphone. These headset recordings contained
minimal noise and therefore were used as the “correct”
reference for scoring the listener’s speech-in-noise transcrip-
tions of the PD participants’ utterances. Thus, a conver-
sational speech intelligibility percentage score was obtained
by dividing the number of words that the listener correctly
transcribed by the total number of words in the more accu-
rate investigator transcription.

For the VAS-based intelligibility listening task, the
10 listeners were presented with one randomly selected utter-
ance from each of the 11 PD participants’ eight device con-
ditions. These 88 utterances were randomly presented to
each of the 10 listeners (different random order for each lis-
tener), who then provided a VAS rating of intelligibility
for each utterance. The VAS involved a 10-cm horizontal
line marked with end points of 0% and 100% intelligible.
To examine the listeners’ intrajudge reliability, each of
the 88 utterances was randomly repeated. Thus, each
of the 10 listeners was required to make 176 separate VAS
intelligibility judgments during a 60-min listening session.
34 American Journal of Speech-Language Pathology • Vol. 25 • 29–45
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Results
Reliability

To examine reliability, approximately 10% of the
speech intensity and SNR data and 5% of the transcribed
intelligibility measures were reanalyzed by the same indi-
vidual and analyzed independently by a different individual.
Intraclass correlational analyses, using a two-way mixed-
effects model and an absolute agreement definition for the
intraclass correlation coefficient (ICC), were conducted
to examine intrarater and interrater reliability for all depen-
dent measures. Intrarater reliability for the measurement of
speech intensity was high, ICC = .999, p < .001; and inter-
rater reliability was high, ICC = .990, p < .001. Intrarater
reliability for the measurement of SNR was high, ICC =
.991, p < .001; and interrater reliability was high, ICC =
.982, p < .001. Intrarater reliability for the measurement of
intelligibility by transcription was high, ICC = .974, p < .001;
and interrater reliability was high, ICC = .970, p < .001.
Intrarater reliability for the measurement of intelligibility
by VAS was good, with an overall average correlation
coefficient of .901 and a range of .628–.971; and interrater
reliability was high, ICC = .971, p < .001. Overall, these
correlation coefficients demonstrated high intrarater and
interrater reliability for all dependent measures.
Analyses of Outcome Measures
A series of repeated measures one-way analyses of

variance (ANOVAs), combined with Bonferroni-corrected
post hoc comparisons, were used to compare device con-
ditions across each of the outcome measures. The outcome
measures related to the experience ratings involved seven
device conditions, and this was associated with 21 post hoc
comparisons and a Bonferroni-corrected p value of .0023
(.05/21). The outcome measures related to SNR, intensity,
and intelligibility involved eight device conditions, and this was
associated with 28 post hoc comparisons and a Bonferroni-
corrected p value of .0017 (.05/28). It should be noted that
these Bonferroni corrections produce fairly low critical
p values, and these may raise concerns about the risk of pro-
ducing a Type 2 error (i.e., failing to find a significant dif-
ference in devices when a difference actually exists; false
negative). This potential concern about the risk of Type 2
errors with the use of Bonferroni corrections in small-sample
studies has been previously discussed (Nakagawa, 2004).
In an attempt to address this potential concern, the un-
corrected p values for each post hoc comparison related
to each of the outcome measures have been provided in
Appendix B.
Experience Ratings
Table 1 depicts the means and standard deviations

for each device across each experiential domain. For the
dimension of physical comfort, the Spokeman (M = 75.5,
SD = 5.35) received the highest average rating, followed
by the Oticon Amigo (M = 74.8, SD = 5.33), BoomVox
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Table 1. Means and standard deviations of experience ratings by device type.

Characteristic

Device

ADDvox BoomVox ChatterVox Amigo SoniVox Spokeman Voicette

Physical comfort
M 69.6 74.6 67.2 74.8 69.4 75.5 49.1
SD 6.74 5.83 7.11 5.33 5.91 5.35 9.65

Visual presentation
M 60.4 65.5 62.8 63.8 71.1 72.8 45.9
SD 6.38 7.77 7.07 6.83 5.24 5.03 8.94

Sound quality
M 73.0 77.2 78.4 75.8 73.3 65.2 65.6
SD 4.86 4.12 5.02 4.06 5.61 6.31 6.37

Amplification power
M 68.2 75.9 78.2 74.2 72.2 68.2 65.6
SD 5.44 3.07 4.40 3.98 4.88 6.07 5.73

Overall preference
M 57.3 59.8 67.3 62.4 58.5 68.3 40.0
SD 6.34 7.39 5.21 7.16 8.03 6.60 8.01

Note. Experience ratings represent the percentage on a visual analog scale ranging from 0% to 100%.

Downloa
Terms o
(M = 74.6, SD = 5.83), ADDvox (M = 69.6, SD = 6.74),
SoniVox (M = 69.4, SD = 5.91), ChatterVox (M = 67.2,
SD = 7.11), and Voicette (M = 49.1, SD = 9.65). The re-
sults of a one-way repeated measures ANOVA found a sig-
nificant difference in the participants’ ratings of physical
comfort across the seven devices, F(1, 10) = 2.94, p = .013.
None of the 21 Bonferroni-corrected post hoc comparisons
were significant (p < .0023). If a less conservative, uncor-
rected p value of .05 were to be applied to these comfort
ratings, there would be five of 21 significant comparisons.
All of these relate to low comfort ratings for the Voicette
relative to the other devices. These uncorrected p values and
the related device comparisons are provided in Appendix B.

For the dimension of visual presentation, the Spokeman
(M = 72.8, SD = 5.03) received the highest average rating,
followed by the SoniVox (M = 71.1, SD = 5.24), BoomVox
(M = 65.5, SD = 7.77), Oticon Amigo (M = 63.8, SD = 6.83),
ChatterVox (M = 62.8, SD = 7.07), ADDvox (M = 60.4,
SD = 6.38), and Voicette (M = 45.9, SD = 8.94). The results
of a one-way repeated measures ANOVA found a significant
difference in the participants’ ratings of visual presentation
across the seven devices, F(1, 10) = 2.70, p = .022. None
of the 21 Bonferroni-corrected post hoc comparisons were
significant (p < .0023). If a less conservative, uncorrected
p value of .05 were to be applied to these visual presentation
ratings, there would be four of 21 significant comparisons.
All of these relate to low visual presentation ratings for
the Voicette relative to the other devices. These uncorrected
p values and the related device comparisons are provided in
Appendix B.

For the dimension of sound quality, the ChatterVox
(M = 78.4, SD = 5.02) received the highest average rating,
followed by the BoomVox (M = 77.2, SD = 4.12), Oticon
Amigo (M = 75.8, SD = 4.06), SoniVox (M = 73.3, SD =
5.61), ADDvox (M = 73.0, SD = 4.86), Voicette (M = 65.6,
SD = 6.37), and Spokeman (M = 65.2, SD = 6.31). The
results of a one-way repeated measures ANOVA failed to
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find a significant difference in the participants’ ratings of
sound quality across the seven devices, F(1, 10) = 1.66,
p = .144.

For the dimension of perceived amplification power,
the ChatterVox (M = 78.2, SD = 4.40) received the highest
average rating, followed by the BoomVox (M = 75.9,
SD = 3.07), Oticon Amigo (M = 74.2, SD = 3.98), SoniVox
(M = 72.2, SD = 4.88), ADDvox (M = 68.2, SD = 5.44),
Spokeman (M = 68.2, SD = 6.07), and Voicette (M = 65.6,
SD = 5.73). The results of a one-way repeated measures
ANOVA failed to find a significant difference in the partici-
pants’ ratings of perceived amplification power across the
seven devices, F(1, 10) = 1.24, p = .295.

For the dimension of overall preference, the Spokeman
(M = 68.3, SD = 6.60) received the highest average rating,
followed by the ChatterVox (M = 67.3, SD = 5.21), Oticon
Amigo (M = 62.4, SD = 7.16), BoomVox (M = 59.8,
SD = 7.39), SoniVox (M = 58.5, SD = 8.03), ADDvox
(M = 57.3, SD = 6.34), and Voicette (M = 40.0, SD = 8.01).
The results of a one-way repeated measures ANOVA found
a significant difference in the participants’ ratings of over-
all preference across the seven devices, F(1, 10) = 2.71,
p = .021. Post hoc comparisons using the Bonferroni correc-
tion for multiple comparisons indicated that the average
overall preference rating for the ChatterVox (M = 67.3,
SD = 5.21) was significantly higher than that for the Voicette
(M = 40.0, SD = 8.01; p = .018). None of the other
20 Bonferroni-corrected post hoc comparisons were signif-
icant. If a less conservative, uncorrected p value of .05 were
to be applied to these overall preference ratings, five of
21 comparisons would be significant. All of these relate to
low overall preference ratings for the Voicette relative to
the other devices. These uncorrected p values and the related
device comparisons are provided in Appendix B.

In summary, although only one of the experience-based
post hoc comparisons reached significance, the following
hierarchical observations are noted: (a) The ChatterVox had
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the highest sound quality and perceived amplification power
ratings, (b) the Spokeman had the highest comfort, appear-
ance, and overall preference ratings but received low sound
quality and perceived amplification power ratings, and
(c) the Voicette received the lowest comfort, appearance,
amplification power, and overall preference ratings.

SNR
The results of a one-way repeated measures ANOVA

found a significant difference in the SNR across the eight
device conditions, F(1, 10) = 13.91, p < .001. Table 2 depicts
the means and standard deviations for the SNR for each
device condition.

Post hoc comparisons using the Bonferroni correction
for multiple comparisons indicated that the average SNR
for the BoomVox (M = 6.04, SD = 2.66) was significantly
higher than that for the ChatterVox (M = 3.62, SD = 2.26;
p = .033), the Spokeman (M = 3.11, SD = 2.72; p = .006),
the Oticon Amigo (M = 3.05, SD = 2.27, p < .001), the
SoniVox (M = 2.80, SD = 2.37; p = .006), the ADDvox
(M = 2.38, SD = 1.18; p = .002), and the unamplified,
no-device condition (M = 1.31, SD = 0.80; p = .001). The
SNR for the BoomVox exceeded that of the unamplified
speech condition by approximately 5 dB SPL, whereas the
SNR of the ADDvox was only approximately 1 dB SPL
higher than the unamplified speech condition. Figure 2
shows the SNR values for each device condition arranged
hierarchically from lowest to highest.

These results relate to the Bonferroni-corrected post
hoc comparisons (p = .0017). If a less conservative, uncor-
rected p value of .05 were to be applied to these SNR data,
an additional 11 device comparisons would reach significance.
These uncorrected p values and the related device com-
parisons are provided in Appendix B.

Speech Intensity
The results of the one-way repeated measures ANOVA

found a significant difference in the speech intensity across
the eight device conditions, F(1, 10) = 14.04, p < .001. Table 3
depicts the means and standard deviations for the speech
intensity for each device condition.

Post hoc comparisons using the Bonferroni correction
for multiple comparisons indicated that the average speech
intensity for the BoomVox (M = 71.3, SD = 4.57) was sig-
nificantly higher than that for the ChatterVox (M = 68.2,
Table 2. Speech-to-noise ratio means and standard deviations by device c

Statistic ADDvox BoomVox ChatterVox Amigo

M 2.38 6.04* 3.62 3.05
SD 1.18 2.66 2.26 2.27

Note. Speech-to-noise ratio values are presented in dB SPL. An asterisk
one other device condition.
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SD = 3.75; p = .004), Voicette (M = 68.1, SD = 4.04;
p = .011), the SoniVox (M = 68.1, SD = 4.68; p = .004),
the Oticon Amigo (M = 68.0, SD = 4.10; p < .001), the
Spokeman (M = 67.7, SD = 4.17; p = .001), the ADDvox
(M = 67.3, SD = 3.52; p = .001), and unamplified speech
(M = 66.2, SD = 2.79; p = .002). The speech intensity from
the BoomVox exceeded that of the unamplified speech con-
dition by approximately 5 dB SPL, whereas the speech in-
tensity from the ADDvox was only approximately 1 dB SPL
higher than unamplified speech, which was not found to be
statistically significant.

These results relate to the Bonferroni-corrected post
hoc comparisons (p = .0017). If a less conservative, uncor-
rected p value of .05 were to be applied to these speech inten-
sity data, an additional nine device comparisons would reach
significance. These uncorrected p values and the related
device comparisons are provided in Appendix B.
Intelligibility: Transcribed
Conversational Intelligibility

The results of the one-way repeated measures ANOVA
found a significant difference in the average transcribed intel-
ligibility score across the eight device conditions, F(1, 10) =
14.30, p < .001. Table 4 depicts the means and standard devi-
ations for the intelligibility from each device condition.

Post hoc comparisons using the Bonferroni correction
for multiple comparisons indicated that the average intelli-
gibility score for the BoomVox (M = 73.6, SD = 29.4) was
significantly higher than that for the SoniVox (M = 32.4,
SD = 29.5; p = .003), the ADDvox (M = 28.5, SD = 22.5;
p = .007), and the no-device condition (M = 14.7, SD = 16.5;
p = .001). In addition, the average intelligibility score for the
ChatterVox (M = 47.8, SD = 30.9) was significantly higher
than for the SoniVox (M = 32.4, SD = 29.5; p = .034) and
the unamplified, no-device condition (M = 14.7, SD = 16.5;
p = .018). Figure 3 shows the transcribed speech intelligi-
bility values for each device condition arranged hierarchi-
cally from lowest to highest.

These results relate to the Bonferroni-corrected post
hoc comparisons (p = .0017). If a less conservative, uncor-
rected p value of .05 were to be applied to these intelligibility
data, an additional 16 device comparisons would reach sig-
nificance. These uncorrected p values and the related device
comparisons related to the average transcribed intelligibility
scores are provided in Appendix B.
ondition.

Device

SoniVox Spokeman Voicette Unamplified

2.80 3.11 3.84 1.31
2.37 2.72 2.13 0.80

indicates that the device performed significantly better than at least
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Figure 2. Average speech-to-noise ratio by device condition.
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Intelligibility: VAS of Intelligibility
The results of the one-way repeated measures

ANOVA found a significant difference in the average intel-
ligibility score obtained with the VAS across the eight de-
vice conditions, F(1, 10) = 8.946, p < .001. Table 5 depicts
the means and standard deviations for the intelligibility
from each device condition.

Post hoc comparisons using the Bonferroni correc-
tion for multiple comparisons indicated that the average in-
telligibility score for the BoomVox (M = 46.8, SD = 7.8)
was significantly higher than the Spokeman (M = 25.3,
SD = 8.1; p = .025), the Oticon Amigo (M = 22.9, SD = 6.5;
p = .015), the ADDvox (M = 15.6, SD = 5.1; p = .008),
the SoniVox (M = 13.2, SD = 3.5; p = .020), and the unam-
plified, no-device condition (M = 7.2, SD = 2.2; p = .018).
Figure 4 shows the average VAS speech intelligibility values
for each device condition arranged hierarchically from
lowest to highest.

These results relate to the Bonferroni-corrected post
hoc comparisons (p = .0017). If a less conservative, un-
corrected p value of .05 were to be applied to these intelligi-
bility data, an additional 11 device comparisons would reach
significance. These uncorrected p values and the related
device comparisons are provided in Appendix B.
Table 3. Speech intensity means and standard deviations by device condit

Statistic ADDvox BoomVox ChatterVox Amigo

M 67.3 71.3* 68.2 68.0
SD 3.52 4.57 3.75 4.10

Note. Speech intensity values are presented in dB SPL. An asterisk indica
other device condition.
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Discussion
The purpose of this study was to provide a prelimi-

nary investigation into speech amplification device efficacy
for individuals with PD in an ecologically valid context
(i.e., during conversation in moderate background noise).
Speech outcome measures included experience ratings and
speech performance measures (i.e., SNR, speech intensity,
and conversational intelligibility scores). The present study
found that amplification devices effectively increased SNR,
speech intensity, and speech intelligibility compared with
the unamplified speech of individuals with PD in moderate
background noise. In addition, the type of device used sig-
nificantly affected all outcome measures. However, device
effectiveness varied across outcome measures.

An SNR of 1.8 dB SPL has been reported to be asso-
ciated with conversational speech intelligibility of less than
50%, and an SNR of 5–7 dB SPL was found to be associ-
ated with 80% intelligibility (Adams et al., 2008). Overall,
the present study found that a higher average SNR pre-
dicted higher average conversational speech intelligibility.
The BoomVox had an average SNR of 6.04 dB SPL and an
average transcribed intelligibility score of 73.6%. All other
devices had SNRs in the range of 2.38–3.84 dB SPL and
corresponding transcribed intelligibility scores in the range
ion.

Device

SoniVox Spokeman Voicette Unamplified

68.1 67.7 68.1 66.2
4.68 4.17 4.04 2.79

tes that the device performed significantly better than at least one
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Table 4. Transcribed intelligibility means and standard deviations by device condition.

Statistic

Device

ADDvox BoomVox ChatterVox Amigo SoniVox Spokeman Voicette Unamplified

M 28.5 73.6* 47.8* 44.9 32.4 38.9 49.2 14.7
SD 22.5 29.4 30.9 34.7 29.5 37.9 35.5 16.5

Note. Scores represent the percentage of words correctly transcribed ranging from 0% to 100%. An asterisk indicates that the device performed
significantly better than at least one other device condition.
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of 28.5%–49.2%. Unamplified speech had an average SNR
of 1.31 dB SPL and an average transcribed intelligibility
score of 14.7%. Therefore, the results of this study suggest
that speech amplification devices measurably increase the
speech intensity (and corresponding SNR) sufficiently to
increase both transcribed and VAS conversational speech
intelligibility scores for individuals with PD in moderate
background noise. These results are consistent with previous
research findings that the use of speech amplification devices
in background noise was associated with higher intelligi-
bility scores than unamplified speech for individuals with
dysarthria (Weiss, 2002).

With regard to the intelligibility testing procedures, it
should be noted that the results for the two intelligibility tests
found a fairly similar device hierarchy, but the VAS scores
were generally lower than the transcribed scores for each
device. This result is not consistent with a previous study of
hypophonia that found that VAS scores were higher than
transcribed intelligibility scores (Adams et al., 2008). This in-
consistency may be related to the fact that device-amplified
speech was used in the present study but not in the previous
study. Perhaps, when speech is transmitted through a por-
table amplification system, there are signal distortions that
cause the listener to judge speech to be less intelligible than it
actually is. Another possible explanation is that the use of a
Figure 3. Average transcribed intelligibility scores by device condition.
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different number of listeners in the two intelligibility tasks
could have influenced the results. We used one listener in the
transcription task and 10 listeners in the VAS task. Perhaps
our one listener tended to give higher intelligibility values
than the average of the 10 listeners.

Patient preference has been reported as the primary
basis for device prescription (Bertrand, 2009). Thus, because
the correspondence between patient preference and device
effectiveness was unknown, the present study compared the
results from experience ratings to those from speech per-
formance measures (i.e., speech intensity, SNR, and speech
intelligibility). Table 6 displays a summary of the device
hierarchies across all experience ratings, and Table 7 displays
a summary of the device hierarchies across all speech per-
formance measures, where 1 is the highest rank and 7 is the
lowest in both tables.

When considering the results of all outcome measures
addressed in the present study together, the BoomVox re-
ceived the highest scores overall. In particular, the BoomVox
had the highest scores for speech intensity, SNR, and con-
versational speech intelligibility. We find it interesting that
the device preference ratings did not produce the highest
scores for the BoomVox. The participants with PD rated
the BoomVox second highest for power and sound quality,
third for comfort and visual appearance, and fourth for
• February 2016



Table 5. Visual analog scale intelligibility means and standard deviations by device condition.

Statistic

Device

ADDvox BoomVox ChatterVox Amigo SoniVox Spokeman Voicette Unamplified

M 15.6 46.8* 23.7 22.9 13.2 25.3 28.2 7.2
SD 5.1 7.8 6.3 6.5 3.5 8.1 8.0 2.2

Note. Scores represent the estimated percentage on a visual analog scale ranging from 0% to 100%. An asterisk indicates that the device
performed significantly better than at least one other device condition.
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overall preference. These results for the BoomVox provide
an interesting example of the potential discrepancy between
speech performance-based measures and experience-based
preference ratings in the evaluation of amplification devices.

The ChatterVox was consistently in the top four high-
est positions in the device hierarchy for all outcome mea-
sures. The ChatterVox scores were second highest for speech
intensity, third for SNR, and fourth for speech intelligibility.
Although the ChatterVox was rated as having the highest
perceived amplification power and sound quality, it was
rated the sixth highest for comfort, fifth for appearance, and
second for overall preference. Thus, the ChatterVox provides
another interesting example of the potential discrepancy
between speech performance measures and user experience
ratings.

At the other end of the device hierarchy, the Voicette
received the lowest physical comfort, visual presentation,
and overall preference ratings but achieved second or third
highest place in the device hierarchy for all speech perfor-
mance measures. Conversely, the Spokeman received higher
ratings on overall preference and aesthetic dimensions
(comfort and visual presentation), which may be attributed
to its smaller size, but low ratings on functional dimensions
(amplification power and sound quality), and it fell into the
Figure 4. Average visual analog scale intelligibility scores by device condit
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lowest four positions on the device hierarchy for most speech
performance measures.

Overall, it appears that speaker preference (i.e., on
the basis of experience ratings) does not appear to be asso-
ciated with higher speech performance measures for most
devices. One possible explanation for this discrepancy may
be that preference is highly influenced by the appearance
and size of the device. However, additional research is
needed to confirm whether aesthetics outweigh performance
in determining device preference. A second possible expla-
nation is that individuals with PD may have difficulty with
the accurate perception of their own speech production
(i.e., accurately appraising their own loudness, clarity, sound
quality; Clark et al., 2014) and that these perceptual diffi-
culties may be further exacerbated when attempting to eval-
uate speech produced in background noise or projected
through amplification devices.
Strengths and Limitations
Previous studies investigating the effectiveness of

speech amplification devices have included a limited num-
ber of devices and outcome measures. The present study
is the first to systematically examine the effectiveness of a
ion.
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Table 6. Device hierarchies across experience ratings.

Rating Physical Comfort Visual Sound Quality Power Overall

1 Spokeman Spokeman ChatterVox ChatterVox Spokeman
2 Amigo SoniVox BoomVox BoomVox ChatterVox*
3 BoomVox BoomVox Amigo Amigo Amigo
4 ADDvox Amigo SoniVox SoniVox BoomVox
5 SoniVox ChatterVox ADDvox ADDvox SoniVox
6 ChatterVox ADDvox Voicette Spokeman ADDvox
7 Voicette Voicette Spokeman Voicette Voicette

Note. An asterisk indicates that the device performed significantly better than at least one other device.
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broad range of different device types for individuals with
PD. In addition, this study incorporated a variety of out-
come measures, including speaker preference, speech inten-
sity, SNR, and conversational speech intelligibility. Thus,
this study is the first to simultaneously collect data on
speakers’ preference and device performance. The present
study also used an ecologically valid speech context (con-
versation in multitalker noise) to evaluate outcome measures
related to speech performance.

There were two potential limitations of this study re-
lated to participant inclusion. The first potential limitation is
the unequal representation of men and women in the PD
group, which comprised 10 men and only one woman. This
ratio of men to women is not consistent with that of the
overall population of individuals with PD, and sex differences
may have influenced speakers’ outcome measures. Second,
there were a relatively small number of speaker participants
(N = 11). Therefore, individual differences may have caused
increased variability in the results. Recruitment and inclu-
sion of a greater number of speakers may have increased
the power to detect significant effects and may have made
significant findings more consistent and definitive. In con-
sideration of the small number of participants included in
this study, the power to detect significant differences may
have been reduced further, given the large number of outcome
measures.

Another limitation of this study is the large number
of post hoc comparisons that were required to examine
all of the pairwise differences involving the seven devices or
eight device conditions (a total of 21 or 28 paired comparisons).
The generally accepted statistical correction procedure (i.e.,
Bonferroni correction for multiple comparisons) that is
Table 7. Device hierarchies across speech performance measures.

Rating Speech-to-Noise Ratio Speech Intensity Spee

1 BoomVox* BoomVox*
2 Voicette ChatterVox
3 ChatterVox Voicette
4 Spokeman SoniVox
5 Amigo Amigo
6 SoniVox Spokeman
7 ADDvox ADDvox

Note. An asterisk indicates that the device performed significantly better t
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required to avoid obtaining a false-positive (i.e., Type 1
error or a significant comparison by random chance alone)
can result in a greater risk of causing a false-negative (i.e.,
Type 2 error or failing to detect a significant comparison
when one actually exists). This risk of false-negatives (Type 2
error) increases as the number of multiple comparisons in-
creases. Thus, when a large number of comparisons are
examined, such as the 21 or 28 comparisons in the present
study, there can be a shift in the balance between Type 1
and Type 2 errors toward a greater risk of Type 2 errors.
This risk can be further compounded by the use of a fairly
small sample size. In an attempt to address this potential
imbalance, we elected to report the results of the traditional
Bonferroni correction procedure for our multiple compari-
sons but also to include the uncorrected p values from the
pairwise comparisons as supplementary information in
Appendix B. This supplementary information is provided
for those readers who may have concerns about the effects
of the statistical correction procedure on the Type 2 statis-
tical error and would like to examine the uncorrected p values
for each of the specific device paired comparisons. The results
of this preliminary, exploratory study indicate that future
amplification device comparison studies should consider
using a larger number of participants and examining a smaller
number of devices.

A possible methodological limitation of this study is
that speaker participants remained seated while using the
devices. In typical use, devices are worn while standing and
walking as well as sitting. These constraints on movement
may have influenced outcome measures and limited the
utility of the experience-based ratings, especially in terms of
physical comfort. These additional device-use conditions
ch Intelligibility (Transcribed) Speech Intelligibility (VAS)

BoomVox* BoomVox*
Voicette Voicette

ChatterVox Spokeman
Amigo ChatterVox

Spokeman Amigo
SoniVox ADDvox
ADDvox SoniVox

han at least one other device. VAS = visual analog scale.
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were not incorporated into the protocol in order to main-
tain consistency in the audio recording and background noise
setup (e.g., stationary loudspeakers were set at a constant
distance).

Another limitation related to the experimental protocol
was that speakers rated their experience with each device
after using it for only a short period of time (approximately
2–3 min total). The apparent tendency for device aesthetics
to influence preference may be attributed to this limited
time frame, whereas functional aspects may be more salient
with increased use.

In addition, there were limitations associated with
the listeners’ perceptual judgments of sound quality. If
the speech signal could not be identified above the back-
ground noise, the sound quality of the signal could not
be accurately judged. This may have had the effect of de-
creasing the sound-quality scores for the devices that had
lower amplification power. Related to this concern is the
potential effect of a mild hearing loss on the perceptual
judgments of some of the participants. Although all partic-
ipants passed a 30-dB pure-tone screening at 500, 1000,
and 2000 Hz, some of the participants may have had a
mild hearing loss related to pure-tone frequencies above
2000 Hz. In the present study, a fairly conservative hearing
status exclusion criteria was used to include as many par-
ticipants with hypophonia and idiopathic PD as possible.
The potential effect of mild hearing loss on judgments of
device sound quality and performance should be examined
in future studies.

A limitation of acoustic data collection was that many
speech samples may have dropped below the 65 dB SPL
multitalker noise, but they would have been measured as
having a speech intensity equivalent to that of the noise.
This would have the effect of inflating the speech intensity
values for the unamplified speech condition. Related to this
limitation is that the lowest possible SNR that could be ob-
tained in this study is zero. This would be the case even if
the speech intensity fell to values that were lower than the
background noise. For example, if the speech signal was
−5 dB below the noise, it would be measured as 0 dB SNR.
The methodology used in the present study did not allow
for the measurement of negative SNR values. Future studies
are required to examine the potential effect of the negative
SNR values on the device outcome measures.

Future Directions
This preliminary study provides a novel framework

for future device efficacy research in PD. Future studies
should focus on either increasing the number of participants
or reducing the number of devices to increase the power to
detect significant effects. Future research may also include
different permutations of microphones with a select number
of devices. In addition to ecologically valid speech tasks
and noise conditions, researchers may want to consider in-
corporating a variety of speaking postures (e.g., standing
and walking) to increase ecological validity. Another consid-
eration is the potential role of a loudness perception deficit
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in the PD participants’ evaluation of amplification power
and judgments of device effectiveness (Clark et al., 2014).
Participants with significant deficits in the perception of
their own speech loudness may have difficulty making accu-
rate judgments about the loudness of speech amplification
devices. Therefore, it may be appropriate to assess device
preference ratings from the perspective of the primary com-
munication partners of individuals with PD.

Most important, future studies should investigate fac-
tors affecting long-term compliance with various devices
to assess the influence of an individual’s initial preference
compared with the effectiveness of the device as demonstrated
in speech performance measures.

Clinical Implications and
Tentative Recommendations

As previously discussed, it has been reported that the
ChatterVox is the most commonly prescribed amplifica-
tion device and that most SLPs determine prescription pri-
marily on the basis of “patient preference and comfort”
(Bertrand, 2009). The results of the present study found that
the ChatterVox was one of the most preferred devices and
was associated with fairly consistent positive speech per-
formance measures, surpassing most of the other devices.
Therefore, device prescription on the basis of preference
may not result in unsuccessful device use. Moreover, the re-
sults of this study found that the Spokeman surpassed the
ChatterVox in both comfort and overall preference. There-
fore, the reason the Spokeman was not reported to be the
most commonly prescribed device may be related to the
finding that fewer SLPs had heard of or used the Spokeman
than the ChatterVox (Bertrand, 2009). Thus, clinician
knowledge and experience may be a greater factor in device
prescription than patient preference in current practice.
However, clinicians may not be prescribing the Spokeman
as often as other devices because of the poorer performance
of the Spokeman, which may have been evident to clinicians
even with limited experience with the device.

Although the present study found some variations in
the device hierarchy across the outcome measures assessed,
a tentative hierarchy of recommendation for device pre-
scription is presented. This recommendation captures an
overview of the individually identified hierarchies, but it
should be viewed as a hypothesis that requires verification
with additional research. The BoomVox is the highest rec-
ommended device on the basis of its speech performance
measures surpassing those of all other devices and its good
user experience scores. The loudspeaker component of the
device makes it the largest and heaviest device, but the FM
technology obviates the need for portability in most circum-
stances. The ChatterVox is recommended over the Oticon
Amigo due to the generally higher scores associated with the
ChatterVox across most outcome measures. The BoomVox,
ChatterVox, and Oticon Amigo received high ratings fairly
consistently across all experiential dimensions, but the
ChatterVox was rated higher than all other devices on func-
tional dimensions (sound quality and amplification power).
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Although the Spokeman received some of the highest expe-
rience ratings, it is the fourth most recommended device
because of inconsistencies in performance across outcome
measures. The Voicette received the lowest ratings according
to speakers’ experience with the device, which offset its con-
sistently high performance scores. The users’ confidence
in and comfort with the device may have been diminished
by use of the handheld microphone. In addition, because
the handheld microphone raises concerns about user fatigue,
a headset microphone may be recommended, but this re-
quires additional testing with the headset microphone to
confirm that outcome measures are consistent with those
obtained in this study. Neither the SoniVox nor the ADDvox
are highly recommended on the basis of the results of this
study. However, the experience ratings and speech perfor-
mance measures associated with SoniVox were consistently
higher than those of the ADDvox.

Overall, the results from this study may provide some
insights for clinical practice. Most notably, the results sug-
gest that device prescription on the basis of user preference
and user comfort may not accurately predict device per-
formance or effectiveness. Therefore, it is suggested that
SLPs consider exploring device options that optimize speech
performance while also considering aesthetic qualities of
comfort and size. In addition, SLPs should consider provid-
ing patients ample time to develop an informed preference
by testing the device in ecologically valid contexts. These
recommendations are especially important to consider be-
fore using patient preference as the basis for prescription.
Future research is needed to determine which performance
and preference measures will best predict long-term speech
amplification device acceptance in PD.
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Appendix A

Experience Questionnaire
1. Participants’ comfort ratings
Device Spokeman Amigo BoomVox ADDvox SoniVox ChatterVox

Voicette .011 .049 .008 .042 NS .048
ChatterVox NS NS NS NS NS
SoniVox NS NS NS NS
ADDvox NS NS NS
BoomVox NS NS
Amigo NS
2. Participants’ visual presentation ratings
Device Spokeman SoniVox BoomVox Amigo ChatterVox ADDvox

Voicette .027 .020 .044 NS .040 NS
ADDvox NS NS NS NS NS
ChatterVox NS NS NS NS
Amigo NS NS NS
BoomVox NS NS
SoniVox NS
3. Participants’ sound quality ratings
Device ChatterVox BoomVox Amigo SoniVox ADDvox Voicette

Spokeman .042 NS NS NS NS NS
Voicette .020 NS NS NS NS
ADDvox NS NS NS NS
SoniVox NS NS NS
Amigo NS NS
BoomVox NS
4. Participants’ amplification ratings
Device ChatterVox BoomVox Amigo SoniVox ADDvox Spokeman

Voicette .030 NS NS NS NS NS
Spokeman .027 NS NS NS NS
ADDvox NS NS NS NS
SoniVox NS NS NS
Amigo NS NS
BoomVox NS
5. Participants’ overall preference ratings
Device Spokeman ChatterVox Amigo BoomVox SoniVox ADDvox

Voicette .006 .001 .016 .006 NS .013
ADDvox NS NS NS NS NS
SoniVox NS NS NS NS
BoomVox NS NS NS
Amigo NS NS
ChatterVox NS

Note. NS = not significant.
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Appendix B

Uncorrected Post Hoc p Values
1. Speech-to-noise ratios
Condition BoomVox Voicette ChatterVox Spokeman Amigo SoniVox ADDvox

No device < .001 .003 .002 .040 .023 NS .005
ADDvox < .001 .010 .034 NS NS NS
SoniVox < .001 .006 NS NS NS
Amigo < .001 .015 NS NS
Spokeman < .001 .023 NS
ChatterVox .001 NS
Voicette .004
2. Speech intensity
Condition BoomVox ChatterVox Voicette SoniVox Amigo Spokeman ADDvox

No device < .001 .005 .033 NS .027 NS NS
ADDvox < .001 .003 .020 NS NS NS
Spokeman < .001 .012 .045 NS NS
Amigo < .001 .017 .040 NS
SoniVox < .001 NS NS
Voicette < .001 NS
ChatterVox < .001
3. Intelligibility scores obtained by transcription
Condition BoomVox Voicette ChatterVox Amigo Spokeman SoniVox ADDvox

No device < .001 .003 .001 .002 .017 .015 .024
ADDvox < .001 .017 .011 .014 NS NS
SoniVox < .001 .005 .001 .014 NS
Spokeman .003 .033 .020 NS
Amigo .002 NS NS
ChatterVox .005 NS
Voicette .026
4. Intelligibility scores obtained by visual analog scale ratings
Condition BoomVox Voicette Spokeman ChatterVox Amigo ADDvox SoniVox

No device < .001 .012 .034 .007 .024 NS NS
SoniVox < .001 .014 NS .026 NS NS
ADDvox < .001 .017 .030 .049 NS
Amigo .001 NS NS NS
ChatterVox .016 NS NS
Spokeman < .001 NS
Voicette .040

Note. NS = not significant.
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