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Abstract: Objectives. To evaluate the process and scientiﬁc feasibility of using a portable voice accumulator
(PVA) to study carry-over of treatment effects on speech and voice in people with mild-moderate Parkinson’s
disease.
Methods. The study was guided by the checklist in Consolidated Standards of Reporting Trials (CONSORT)
2010 statement: extension to randomized pilot and feasibility trials. Participants with Parkinson’s disease were
recruited within the context of a randomized controlled trial with random allocation to intervention with either
HiCommunication, a program targeting speech and communication, or HiBalance, a program targeting balance
and strength. Before and after intervention data was collected from standardized studio recordings of speech and
registrations of voice use in daily life with the PVA VoxLog.
Results. Fifteen participants were included in the study and sufﬁcient data was yielded from six of them. Reasons for insufﬁcient data included technical issues and difﬁculties handling the PVA. Changes in voice sound level
from pre to post intervention differed at an individual level when assessed in daily life compared to studio recordings. Registrations in daily life provided information on phonation ratio and ability to adapt voice sound level to
environmental noise.
Conclusion. This study highlights the challenges of studying intervention effects on voice use in daily life using a
PVA. Improvements of test protocols in future studies are suggested. We exemplify how PVA data may generate
a more detailed and ecologically valid picture of voice use complementing studio recordings of speech. Finally,
we encourage technical development of more user-friendly PVAs.
Key Words: Parkinson’s disease—Speech—Intervention—Portable voice accumulator—Voice sound level—
Feasibility.

INTRODUCTION
Parkinson’s disease (PD) is a progressive, neurodegenerative
disease with an incidence rate peaking at 70-79 years of age;
105/100 000 for women and 133/100 000 for men.1 In PD,
dopamine deﬁciency results in motor symptoms such as
reduced range of movement, rigidity, tremor, movement initiation difﬁculties and poor balance.
Up to 90% of people with PD also report changes in
speech, voice, and communication. For many, speech
changes result in hypokinetic dysarthria, a motor speech disorder, where reduced vocal loudness leading to difﬁculties
making oneself heard is the most common symptom. In
recent years, several studies have highlighted that
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communication difﬁculties as well as cognitive and psychiatric changes result in reduced participation in various activities and reduced quality of life.2-5
Pharmacological and/or surgical interventions for people
with PD generally result in positive outcomes for motor
symptoms but may not be equally beneﬁcial for speech and
voice function.6 Intensive behavioral interventions targeting
speech and voice have however been shown to result in positive effects on speech and communication.7-12 When
improvement of voice function is achieved in treatment, a
remaining challenge for many is to apply improved voice
technique in communicative situations beyond the clinical
setting. Cognitive changes and self-regulatory deﬁcits often
increase as the disease progresses resulting in individuals
with PD not always being aware of their voice sound level
which contributes to difﬁculties with long-term transfer of
voice intervention effects.13,14 Changes in auditory perception of one’s own voice sound level and in somatosensory
processing, with a reduced ability to use auditive feedback
to update feedforward mechanisms, result in an underestimation of the required effort needed to produce a sufﬁcient
voice sound level as well as decreased regulation of the vocal
motor system during ongoing speech.15-17
In 2017, HiCommunication, a new intervention program
in a group format for people with PD targeting speech and
communication
was
developed.
HiCommunication
addresses the issue of transfer of improved speech/voice
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function from the clinic to everyday life by including gradually increased cognitive loading in the training situation and
by using a group format to practice improved speech and
voice by implementing it in interaction with others in an
ecologically valid setting. In a pilot-study compliance and
acceptability was high and results indicate positive outcomes for the primary outcome measure (voice sound
level).18 The effects of the HiCommunication program
including in-depth acoustic and perceptual analyses of
speech/voice outcomes, results from brain imaging and ﬁndings from studies with qualitative methods will be thoroughly investigated elsewhere.
Objectively assessing voice use and its relationship to
communicative participation is challenging. Evaluation of
speech and voice function is commonly based on recordings
made in controlled environments, such as a sound-treated
recording studio, to ensure validity and replicability.19
However, compared to recordings in a controlled environment, voice use may vary more in daily life. In a more
uncontrolled and variable setting the speaker is challenged
by for example environmental noise, stress, physical movement and the cognitive load of participating in conversation.20 Assessment of effects following intervention of
speech, voice and communication outside the clinical setting
is often limited to subjective, and not necessarily reliable,
data collected via interviews or questionnaires. Yet, few
studies have focused on assessing speech and voice function
as well as the carry-over of changes obtained in intervention
using objective and more ecologically valid approaches. In
a systematic review of the efﬁcacy of voice therapy, statistically signiﬁcant improvements were found post intervention
on at least one outcome variable in all but one study, but
clinically meaningful changes and generalizability of the
results were rarely discussed.21
Real-time monitoring of speech and voice function with
wearable devices, commonly referred to as portable voice
accumulators (PVAs), can be one approach to evaluate
intervention programs, taking ecological validity and clinical relevance into account.22-24 PVAs can be used to register
voice use objectively over a longer period in daily life settings. Using PVAs to study voice use in daily life was ﬁrst
attempted in 1974 by Holbrook and colleagues25 and the
method has been used in research since then, although clinical availability is still very limited.22 During recent years,
two different PVAs have been available for commercial use:
the Ambulatory Phonation Monitor (KayPentax, NJ) and
the Vocalog (Grifﬁn Laboratories, CA).20 These devices
register voice sound level (dB), fundamental frequency (Hz)
and percent phonation (%) (phonation time divided by the
total recorded time). The VoxLog (Sonvox AB, Umeå, Sweden, Firmware 2.2.3), a device unfortunately no longer commercially available, differs from the other PVAs in that it
also allows for registration of levels of environmental noise.
This feature is especially suitable when monitoring voice use
in people with PD as one of the main speech symptoms is
decreased voice sound level and difﬁculties regulating voice
sound level in relation to background noise.26,27
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In an earlier study28 long-term registration with the PVA
VoxLog was used to study how voice use in daily life is
impacted by PD. The results indicated that voice use in daily
life differs between people with PD and their matched
healthy controls. The authors concluded that the use of
PVAs could be a valuable objective complement to subjective ratings for evaluation of intervention effects with more
patient centered outcome measures. Consequently, the aim
of the present pilot study was to evaluate the process and
scientiﬁc feasibility of using real-time monitoring of speech
and voice in daily life to study carry-over of treatment
effects in participants with mild-moderate PD participating
in a randomized controlled trial (RCT).
METHODS
The pilot study is guided by the 26 items checklist in Consolidated Standards of Reporting Trials (CONSORT) 2010
statement: extension to randomized pilot and feasibility trials.29 A study protocol of the complete trial named EXercise
in PArkinson’s disease and Neuroplasticity (EXPANd)30
was registered with clinicaltrials.gov (NCT03213873).
Study objectives
The process feasibility objectives were as follows:
 To assess feasibility of recruitment of participants with
PD to wear the PVA within an RCT.
 To assess compliance with and acceptance of wearing
the PVA by monitoring drop-out rates, durations of
registration and notes in activity diaries.
 To assess the rate of yielding sufﬁcient data of voice use
in daily life.
 To investigate if there are background factors that
relate to being able to successfully register sufﬁcient
voice data.
The scientiﬁc feasibility objectives were as follows:
 To investigate intervention response by exploring
trends in outcome measures including voice sound
level, environmental noise sound level, self-to-other
ratio (SOR) and phonation ratio.
 To investigate feasibility of comparing and contrasting
data of voice sound level from studio recordings to
data of voice sound level from registrations in daily
life.
Participants
Participants with idiopathic PD were recruited within the
context of the EXPANd trial.30 In this trial intervention
effects including neuroplasticity are studied following intervention targeting balance and strength or speech and communication. Participants were recruited via advertisements
in local newspapers, from the Parkinson association (patient
organization), from a university hospital and a center for
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patients with movement disorders. Data was collected
between 2018-2019 and participants were recruited in successive waves every 6 months. All 23 participants recruited
to EXPANd in the fall of 2019 were invited to participate in
the present pilot feasibility study. Inclusion criteria were age
60 years or older, idiopathic PD diagnosed by neurologist,
Hoehn & Yahr II-III, score of 21 or higher on cognitive
screening with the Montreal Cognitive Assessment
(MoCA), balance and speech/voice symptoms (self-perceived or reported by others). Exclusion criteria were anamnestic information indicating atypical PD or other
neuromuscular disease and having participated in an intensive exercise program for balance or speech during the last 6
months. Considering the magnetic resonance imaging performed in EXPANd, presence of pacemaker, deep brain
stimulators and other metal implants, as well as claustrophobia and severe hearing impairment were additional
exclusion criteria.
Trial design, randomization, and blinding
The trial design was a parallel-group RCT pilot with an
equal 1:1 random allocation ratio to intervention with either
HiCommunication or HiBalance, a program targeting balance and gait. The HiBalance intervention has been previously described.31 The assessors were blinded to type of
intervention within the EXPANd trial throughout data collection and analysis.
Intervention
The participants randomized to HiCommunication received
intervention consisting of speech, voice and communication
training. The format of HiCommunication is a 10-week
group intervention consisting of three sessions per week,
two as group training in the clinic in groups of ﬁve to six
participants and one home-training session supported by a
training diary. The program has been recently described.18
The intervention was given at a university hospital by
speech-language pathologists, trained to deliver the HiCommunication program.
Participants randomized to intervention with HiBalance
participated in balance and gait training with the same hierarchical structure twice per week in groups of ﬁve to six participants and one home-training session with a training
diary for a total of 10 weeks lead by two physiotherapists.
Assessment
Pre and post intervention participants were assessed in their
ON-state with a comprehensive test battery30 including
assessment of speech, voice and communication, assessment
of balance and gait and a test battery for neuropsychological assessment of executive functions, attention, working
memory, episodic memory and visuospatial functions. In
this paper we show data from the Parkinson Disease Questionnaire-39 (PDQ-39), an instrument covering the impact
of PD on speciﬁc dimensions of functioning and well-
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being32 and sections 1-3 of the Movement Disorder SocietySponsored Revision of the Uniﬁed Parkinson's Disease Rating Scale (MDS-UPDRS), used to evaluate motor and nonmotor function and aspects of everyday life.33
Assessment of voice and speech
The participants underwent dysarthria assessment, and a
speech recording was made before and after the intervention. The Dysarthria Assessment34 is a Swedish standardized clinical test including assessment of respiration,
phonation, oro-motor and velopharyngeal function and
articulation. Each item is rated on a 4-point scale, from 0 to
3 (0 = normal function, 3 = severe deviation). The Dysarthria Assessment also includes assessment of prosody and
intelligibility in words and sentences (Swedish Test of
Intelligibility, STI) as well as in continuous speech. A selfrating of perceived speech and voice symptoms and consequences for communicative participation, Questionnaire on
Acquired Speech Disorders (QASD), is an additional part
of the assessment. The statements are rated on a 4-point
scale from 0 to 3 (0 = deﬁnitely false, 1 = mostly false, 2=
mostly true, and 3 = deﬁnitely true).
Studio recordings
The speech recording was performed according to standardized routines for high-quality recordings in a sound-proof
recording studio with the equipment Sony Digital Audio
Tape Deck DTC-ZE700 at a speech laboratory at the university. Sopran (version 1.0.22 Tolvan Data), a software for
sound processing and analyses, was used for all recordings.
The participants wore a headmic (Sennheiser HSP 4 with a
MZA 900 P phantom power adapter), which was calibrated
for a predetermined mouth-microphone distance of 15 cm.
The outcome measure from the studio recordings was mean
voice sound level (dB SPL) during text reading. The participants were instructed to read a Swedish standardized text,
“Trapetskonstn€aren” (289 syllables), developed for use in
assessment of motor speech disorders.35
Registration of voice use in daily life
Equipment
Voice data from daily life was registered using the PVA
VoxLog before and after the intervention with HiCommunication or HiBalance. The VoxLog consists of an accelerometer and a microphone placed in a collar worn around the
neck as well as a device for data storage that can be worn in
a pocket during the day and needs to be charged nightly.
The accelerometer registers vocal fold vibrations from
which measures of phonation frequency (Hz) and phonation
ratio (percent time spent phonating during the registration
period) can be derived. The microphone signal allows for
detection of voice sound level (dB) and level of environmental noise (dB). This is achieved through the following principle: when the accelerometer detects phonation the sound is
classiﬁed as voice sound level, and when there is no
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phonation the sound is classiﬁed as environmental noise.36
Registrations were done with a time frame of 5 seconds’
duration, meaning that a mean value was registered for
each voice parameter every 5 seconds from the continuous
registration. The main outcome related to scientiﬁc feasibility in this study was voice sound level (measured in dB
sound pressure level [SPL]). In addition, measures of noise
sound level (SPL) were used for analyses of environmental
noise and self-to-other ratio (SOR) and measures of phonation time for analysis of phonation ratio. The length of each
registration period was chosen to be 4-7 days to be representative of all activities in the participants’ daily lives. According to a pilot study by Mehta and colleagues37 an
accelerometer-based method of estimating SPL reached an
average error of »5% after only 1 hour of registration and
»1% after 20 hours of registration, and phonation time estimates reached an error of <5% after 26 hours. In line with
this, the limit of 26 hours was used as a guideline for including the VoxLog data in further analysis. However, since the
main outcome in this study was voice sound level (dB SPL),
recordings below the 26-hour-limit but above 15 hours were
considered as representative of the participant’s voice, and
thus included into further analysis, if they included registrations from at least 4 different days including both weekdays
and weekends. The chosen registration period of minimum
4 days was expected to yield sufﬁcient and representative
data with a low margin of error.
Procedure
The participants were given verbal and written instructions
on how to place the collar around the neck both for pre and
post assessments. They were instructed to turn on the PVA
when they woke up in the morning, to turn it off when they
went to bed in the evening and to charge the batteries in the
accelerometer during the night. If needed, for example while
taking a shower, the PVA could be taken off and then put
on again. The participants were also instructed to complete
short diary notes of any activities that could induce an
unusual amount of either voice use or background noise, for
example going to a party, a concert or choir practice.
Only participants with sufﬁcient data obtained before the
treatment period were asked to participate in data collection
after the treatment period. Since we observed that some participants had difﬁculties handling the device during baseline
data collection, more emphasis was put on how to properly
place the collar and to ensure that the PVA was turned on
during the assessments post treatment.
Data analyses
Statistical analysis using R (version 1.4.1103) was performed to study differences in demographic data and results
from the clinical assessment pre treatment between subgroups of participants. Means and standard deviations were
calculated using descriptive statistics. The Shapiro-Wilk test
was used to investigate normal distribution of the continuous variables. To study differences between the groups
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independent t tests were used for normally distributed data
(age, years since PD diagnosis, score on MoCA, PDQ 39
and MDS-UPDRS) and the Wilcoxon rank-sum test for
data of non-normal distribution (Hoehn & Yahr stage).
Fisher’s exact tests were used to study differences between
the groups in categorical data (sex and cohabiting status).
Acoustic analysis of voice sound level was performed in
Sopran for all sound ﬁles from the studio recordings. Reading of the initial word during text reading (the title “Trapetskonstn€aren”) was excluded from analysis. To reduce the
impact of low-frequency background noise on sound level,
C-weighted decibel (dBC), was used to report voice sound
level.
Transfer of data from the registrations in daily life to the
accompanying software VoxLog Connect (version 3.1.18)
was done through connecting the VoxLog to a computer
where all registrations were visually inspected. Faulty registrations caused by for example a disconnection between the
accelerometer and the collar or a malfunctioning microphone were manually removed. Nonrepresentative voice
use reported by the participants in the activity diary, for
example attending choir practice, was taken away from
analysis. The VoxLog data were exported to MATLAB
where a custom script was used to calculate the outcome
measures mean voice sound level, mean noise sound level,
phonation ratio and SOR for three different environmental
noise ranges derived from the Swedish Work Environmental
Agency’s recommendations of speech in environmental
noise; <55 dB SPL (low level), 55-70 dB SPL (normal level)
and >70 dB SPL (high level).38 The SOR was deﬁned as the
difference between the uncompensated voice sound level
and the noise sound level for the same time frame.20,36
ETHICAL CONSIDERATIONS
The VoxLog only registers data on different aspects of
voice use and does not record the content of speech and
thus enables long-term recordings in daily life without
compromising user integrity. This feasibility study was part
of a larger trial approved by the Regional Ethical Review
Board in Stockholm 2016/1264-31/4, 2017/1258-32, 2017/
2445-32 and 2019-03835. The participants received written
and oral information about the study and all its assessments and written informed consent was collected prior to
data collection.
RESULTS
Process feasibility
Recruitment
All participants recruited to the EXPANd trial during the
fourth wave of data collection with a training period in the
fall 2019 (n = 23) fulﬁlled the inclusion criteria and hence
were invited to take part in this study. See Figure 1 for a
ﬂow diagram of the study. Five participants declined participation due to either neck problems, concerns about wearing
the PVA and possible reactions from others, or because they
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FIGURE 1. Flow diagram of participants.

thought that the test protocol would be too demanding. Due
to logistical issues of scheduling the PVA data collection
period into the comprehensive EXPANd trial assessments,
an additional three participants were not able to take part
in the PVA assessments. Hence, 15 participants were
included in the pilot study and instructed to use the PVA for
4-7 days pre and post intervention.

Rate of yielding sufficient data: Compliance with data
collection
Figure 2 presents a circle diagram of the data collection process with each section representing the proportion of participants for a certain outcome in the process. Sufﬁcient data
consisting of >26 hours of registrations were completed pre
intervention for nine participants. For the remaining participants (participants with insufﬁcient data, [n = 6]), the registrations varied between 0-21 hours. For two of these
participants the duration of the respective registrations was
>15 hours and analysis was performed to establish if data
could be considered representative of the participants’ voice
use even though it did not reach the guideline of 26 hours.
In one case (registration of »21 hours) the participant
reported that she had misunderstood the instructions and
only worn the PVA when she expected to use her voice in
conversations. In the other case (registration of »16 hours)
data was obtained from only 3 different days. Thus, data
from both these participants was excluded from further
analysis. Visual inspection of registrations from the participants with insufﬁcient data further revealed that for some
participants there were longer periods during the day without registrations. In some cases, these periods corresponded
to notes in the activity diary of taking the PVA off, for
example during physical training or while taking a shower,

but in some cases not. To ensure that the participants had
followed the instructions and in fact worn the PVA during
the entire day, they were contacted and asked to report any
unusual activities that had not been written down in the
activity diary. However, for most periods without registrations the participants reported that they had in fact worn
the PVA indicating that the insufﬁciency of registration was
caused by technical issues (eg a malfunctioning microphone
or a disconnection between the collar and the device for
data storage) and/or difﬁculties handling the device. One
participant with sufﬁcient pre data dropped out of the RCT
during the training period due to health issues.
Before data collection post intervention instructions were
repeated and care was taken to more thoroughly stress factors that were found to affect data collection pre intervention. Registrations with durations above the guideline of
26 hours post intervention was collected from six out of the
remaining eight participants. One participant with registrations >26 hours was excluded as inspection of data indicated
that the PVA had been malfunctioning. In contrast, one of
the participants with registrations <26 hours was included
in further analysis. In this case, the registration of
»16 hours were from 5 different days, both weekdays and
weekends, and was thus considered to be sufﬁciently representative of the participant’s habitual voice use. Hence, data
from six participants, four who had participated in HiCommunication (HiC) and two in HiBalance (HiB), was considered sufﬁcient and thus available for further analysis.

Rate of yielding sufficient data: Duration of
registration
The number of days with recordings from participants
HiC 1-4 and HiB 1-2 varied between 3-8 days. The total
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FIGURE 2. Illustrates the VoxLog data collection for all included participants (n = 15).

duration of registrations as well as duration of registrations in different levels of environmental noise (<55 dB,
55-70 dB and >70 dB) pre and post intervention are
shown in Table 1.

Background factors
Demographic data and results from the clinical assessment pre intervention for the participants with sufﬁcient
pre and post data registered with the PVA (n = 6) and
the participants with insufﬁcient pre or post data (n = 9)
were investigated to explore if there were factors that
related to being able to successfully register sufﬁcient

voice data (Table 2). No differences were found for any
of the variables.

Scientific feasibility
Demographics and measurements of speech and voice for
the six participants with sufﬁcient data are summarized in
Table 3.

Studio recordings
Recording of speech and voice was performed in a soundproof recording studio. Voice sound level when reading a

TABLE 1.
Duration of registrations (hours:minutes:seconds) for participants HiC1-4 and HiB1-2 pre and post intervention at all levels
of environmental noise (total) and subdivided into environmental noise levels of <55 dB, 55-70 dB and >70 dB

HiC1
HiC2
HiC3
HiC4
HiB1
HiB2

Total Pre

Total Post

<55 dB Pre

<55 dB Post

55-70 dB Pre

55-70 dB Post

>70 dB Pre

>70 dB Post

77:14:55
95:37:15
101:07:55
88:56:10
78:11:40
30:39:50

49:22:40
51:00:55
76:58:55
89:03:05
69:49:25
15:58:05

29:21:29
36:17:41
25:04:15
53:08:36
48:00:45
16:31:43

11:26:40
23:19:15
39:55:48
47:03:45
30:05:20
08:54:45

30:44:17
39:42:56
59:51:25
25:44:13
26:39:10
08:33:25

29:25:15
24:13:20
26:29:37
34:40:35
32:13:05
04:42:22

08:33:19
11:58:26
16:08:00
04:20:30
02:59:05
01:47:36

08:15:00
03:23:20
02:25:09
06:14:50
07:28:00
00:33:26
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TABLE 2.
Demographic data and results from the clinical assessment for the subgroup of participants with sufficient pre and post
data registered with the PVA (n = 6) and the subgroup of participants with insufficient pre or post data registered with
the PVA (n = 9)

Sex
Male
Female
Cohabiting status
Single
Co-habitation
Age, years
Time since PD diagnosis, years
Hoehn & Yahr
MOCA
PDQ 39
MDS-UDPRS

Data Sufficient(n = 6)

Data Insufficient(n = 9)

P-value

CI LL

CI UL

3 (50.0%)
3 (50.0%)

6 (66.7%)
3 (33.3%)

0.622

0.152

26.053

1 (16.7%)
5 (83.3%)
66.7 (6.4)
8.2 (5.3)
2.0 (0.0)
27.0 (2.0)
185.5 (175.5)
45.8 (17.2)

2 (22.2%)
7 (77.8%)
69.8 (6.2)
6.7 (3.4)
2.2 (0.4)
26.1 (1.9)
222.9 (158.6)
58.1 (16.4)

0.600
0.364
0.513
0.272
0.400
0.675
0.186

0.005
-10.249
-3.319
0.000
-1.319
-225.6
-31.300

4.100
4.027
6.319
1.000
3.097
150.8
6.700

MoCA, Montreal Cognitive Assessment; scores > 26 are considered to indicate no cognitive impairment. PDQ-39, Parkinson Disease Questionnaire-39; Higher
scores on PDQ 39 reflect a higher PD specific health related quality. MDS-UPDRS, Movement Disorder Society-Sponsored Revision of the Unified Parkinson's
Disease Rating Scale; Higher scores on MDS-UDPRS reflect more Parkinson’s disease related symptoms. Sex and cohabiting status are reported as counts
and proportions (%), whereas age, years since PD diagnosis, Hoehn & Yahr stage and scores on MoCA, PDQ 39 and MDS-UDPRS are reported as means and
standard deviations (sd). CI, confidence interval; LL, lower limit; PVA, portable voice accumulator; UL, upper limit.

standardized text pre and post intervention for each participant, respectively, is shown in Figure 3.

used their voices less during the registrations performed
post intervention.

Registrations of voice use in daily life
Results from PVA-registrations for the participants with
sufﬁcient data are presented in the following paragraphs to
exemplify the kind of data that can be obtained using this
method.

DISCUSSION
In this study registrations in daily life were performed using
the PVA VoxLog. PVAs differ in signal processing and speciﬁc technical aspects related to hardware. Therefore, parts
of the results from this study can only be generalized to any
PVA using the same signal processing method and similar
hardware. Comparisons of voice sound level and phonation
ratio are for example dependent on how the signal is processed which would have to be considered if direct comparisons were to be made with data collected with another
device. Knowledge gained from studying the process feasibility aspects can however be generalized to a broader range
of PVAs as for example challenges regarding compliance
and data management are more universal by their nature.

Voice sound level and environmental noise sound
level. Figure 4 shows voice sound level and environmental
noise during registrations with the PVA in daily life pre and
post intervention.
Self-to-other ratio. Figure 5 shows the SOR in different
levels of environmental noise for all participants. The largest differences in SOR between registrations pre and post
intervention are seen for participants HiC4 and HiB2. An
increase in SOR post intervention compared to pre intervention, largest at levels of environmental noise >70 dB, can be
seen for these participants. This means that the participants
increased their voice sound level in relation to environmental noise.
Phonation ratio. The phonation ratio (%) for the whole
registration period and in different levels of environmental
noise is shown in Figure 6. Three individuals who completed
HiCommunication and one individual who completed
HiBalance increased their phonation ratio overall and thus
used their voices more during the registrations performed
post intervention. In contrast, one individual who completed HiCommunication and one individual who completed HiBalance decreased their phonation ratio and thus

Process feasibility
The ﬁrst aim of this pilot study was to investigate the feasibility of using a method for registration of voice use in daily
life of participants with mild-moderate PD before and after
an intervention period within an RCT, addressing an important knowledge gap in speech and voice research.
The number of participants from whom sufﬁcient data
could be collected was lower than expected. The aim was to
include all 23 participants who met the inclusion criteria in
the study. However, for several reasons this was proven difﬁcult. First, some participants were not comfortable with
wearing the device in their daily lives. This differed from a
previous pilot study on effects of tactile biofeedback where
all six subjects with PD participating in the study reported
that wearing the PVA was a positive experience.27 However,
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No
Yes
Yes
Yes
28
28
24
28
10
5
15
10
67
63
62
73
Male
Male
Female
Female
HiC3
HiC4
HiB1
HiB2

MoCA, Montreal Cognitive Assessment; scores > 26 are considered to be normal. Dysarthria Assessment = scores represent the mean ratings of the items respiration, phonation, oro-motor and velopharyngeal function and articulation on a 4-point scale, from 0 to 3 (0 = normal function, 3 = severe deviation). QASD, Questionnaire on Acquired Speech Disorders. Scores represent the mean score of rated
items on a 4-point scale from 0 to 3 (0 = definitely false, 1 = mostly false, 2= mostly true, and 3 = definitely true).

0.11
0.22
0.03
0.67
0.0
0.01
0.17
0.01
No
Yes
No
Yes

0.36
0.53
0.13
0.23
No
No

“Reduced loudness”
“Hoarsness, wordfinding difficulties”
−
“Hoarsness”
“More quiet”
“Monotony, blurry
speech”
Yes
Yes
25
29
2
4
79
63
HiC1 Male
HiC2 Female

Dysarthria Assessment QASD
Previous Speech-and
Voice Intervention
Self Experienced
Speech Symptoms
Self Experienced
Changes in Speech
Since PD Diagnosis
Years Since MoCA
PD Diagnosis
Age
Sex

TABLE 3.
Sex, Age, Years Since PD Diagnosis, anamnestic information regarding speech and voice, and scores on MoCA, the Dysarthria Assessment and QASD for the
participants with sufficient data (HiC1-4 and HiB1-2)
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in that study the participants were recruited with an inclusion criterium of reduced voice sound level and the PVA
was used for biofeedback, that is for intervention purposes,
and thus was an integral part of the initial study design.
That differs from this study, where the PVA was used for
registration of voice use as part of an extensive test battery
in a large RCT investigating a different intervention program.
In fact, aside from the individuals declining participation
due to uneasiness with wearing the device, an additional
three individuals could not take part in the study due to
issues ﬁtting the 4-7-day registration of voice use in daily
life into the comprehensive EXPANd test schedule. These
recruitment issues highlight the importance of carefully
planning future test protocols to facilitate scheduling of all
assessments.
Furthermore we aimed to yield at least 26 hours of registration pre and post intervention in order for data to represent all activities in the participants’ daily lives and to
reduce the margin of error.37 However, data was in some
cases excluded because of a large proportion of faulty registrations caused by for example a malfunctioning microphone or a disconnection between the collar and the device
for data storage. The participants were thoroughly
instructed in how to turn the PVA on and off and how to
place the collar to ensure correct positioning of the microphone. However, slight alterations from day to day are possible, as well as difﬁculties following the given instructions
especially considering the cognitive and motor challenges
seen in PD. For some participants there were longer periods
during the day without registrations, some of which were
reﬂected in the activity diary. All other periods without
registrations, when the participants reported that they had
in fact worn the PVA, were interpreted as either the PVA
malfunctioning, that the PVA had not been turned on properly or that the participant had forgotten to charge the battery. Notably, using the PVA VoxLog may introduce many
technical challenges, see K€
orner Gustafsson (2020)20 for a
review. When collecting data in a more controlled environment such as a recording studio it is possible to control for
technical issues instantly. Data collection in the participants’ daily life is more challenging, and technical malfunction may result in a loss of multiple days of data. In a
previous study by the research group28 the participants’ collar positionings were controlled at a visit to the clinic halfway through the data collection. Adding such a control at
additional points during data collection to this study might
have reduced the amount of data that had to be excluded
due to faulty registrations.
The technical development of wearable devices to monitor speech and voice function has evolved during recent
years. The ideal device should be simple to put on and off
and to operate. It should also be robust enough to withstand
movements and at the same time small and light weighted
enough to be carried for many hours at a time without
impact on activities in daily life.39 The results from this feasibility study suggest that the device used in this study may
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FIGURE 3. Mean voice sound level (dBC) during studio recordings of standardized text reading for participants pre and post intervention
with HiCommunication (HiC) or HiBalance (HiB).

FIGURE 4. Mean voice sound level (dB) and mean noise sound level (dB) during the whole 4-7-day-long monitoring periods pre and post
intervention with HiCommunication (HiC) or HiBalance (HiB).

FIGURE 5. SOR (dB) at different levels of environmental noise (<55 dB, 55-70 dB, and >70 dB) pre and post intervention with HiCommunication (HiC) or HiBalance (HiB). SOR, self-to-other ratio.
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FIGURE 6. Phonation ratio (%) in the whole registration period (total) and in different levels of environmental noise (<55 dB, 55-70 dB,
and >70 dB) pre and post intervention with HiCommunication (HiC) or HiBalance (HiB).
not entirely fulﬁll these criteria. Considering the cognitive
and motor challenges in PD, these participants may be in
even greater need of user-friendly devices. In the ﬁeld of
voice research there have been attempts to develop smartphone-based wearable devices that monitor speech and
voice data for long periods of time.40,41 These devices use
either a microphone or a small accelerometer ﬁxed to the
neck to register voice sound level. They do however not register environmental sound level. The combined approach of
using an accelerometer and a microphone makes the PVA
VoxLog unique in its ability to register voice use in relation
to environmental noise, but also requires a more protruding
neck collar which may cause the user to perceive it as quite
cumbersome to wear. The results from this feasibility study
suggest that research is still needed in this area. As of yet,
there is no user-friendly, small and light-weighted wearable
device that combines the smartphone-based approach with
the ability to register voice sound level in relation to environmental noise.
There was no signiﬁcant difference in characteristics
between participants with sufﬁcient data and participants
with insufﬁcient data. Only the participants from whom sufﬁcient data was obtained after the registration pre intervention were asked to participate in data collection also after
the training period. The number of days with registrations
from each participant varied between 3-8 days. The participants were instructed to use the PVA for 4-7 days. Shorter
durations of registration could cause less inconvenience to
the participant and the researcher; however, shorter monitoring sessions are prone to larger errors due to the possibility of misrepresenting a participant’s habitual voice use.37
All but one of the registrations pre and post intervention
included in further analysis reached the guideline for inclusion of 26 hours. In the case where the duration of the registration was lower than 26 hours, data could nevertheless be
included since the recording consisted of registrations from
5 different days including both weekdays and weekends.

Hence, all data included in the scientiﬁc feasibility study
was considered to be sufﬁcient to assume a low margin of
error.
Scientific feasibility
The scientiﬁc feasibility objectives were to explore trends in
outcome measures and investigate feasibility of comparing
data from studio recordings to data from registrations in
daily life. However, since sufﬁcient data was collected from
only six participants trends at a group level were difﬁcult to
assess. Instead, we have focused on using results at an individual level to exemplify how data can be analyzed to generate a more detailed picture of voice use compared to data
from studio recordings. The outcome measure from the studio recordings used in this study was voice sound level during text reading (289 syllables). In contrast, ambulatory
phonation monitoring allows for objective registration of
voice use over a longer period of time in the individual’s
daily life. In addition, when using the PVA, environmental
noise level, SOR and phonation ratio were also analyzed.
Voice sound level
In this feasibility study, registrations of voice sound level in
daily life differed from the results from the studio recordings. For some participants the changes in voice sound level
pre to post intervention are comparable between studio
recordings and recordings in daily life, but for some participants not, possibly reﬂecting that voice use is different in
daily life compared to recordings in a controlled environment. This difference may be even greater for people with
PD considering the cognitive changes as well as the changes
in auditory processing that are common during the disease
progression. In 1997, Fox & Ramig42 performed controlled
studio recordings with a set of speech tasks comparing individuals with PD and their matched healthy controls. In that
study, the participants with PD used a voice sound level
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that was 2-4 dB lower compared to the controls. In a study
by Gustafsson et al. (2019) long-term registration using
PVAs was applied to study how voice use in daily life is
impacted by PD.28 Results showed that individuals with PD
used an average voice sound level of 8.1 dB (female) and
6.7 dB (male) lower than their matched healthy controls. In
contrast, the difference in mean voice sound level for individuals with PD and controls during spontaneous speech in
controlled studio recordings was 3.0 dB (female) and 4.1 dB
(male). Taken together, the results from the two different
studies and from our feasibility study suggest that people
with PD may have more severe difﬁculties with handling the
challenges imposed on speech in daily life compared to in
more controlled environments. Consequently, the studies
indicate the importance of evaluating changes in voice
sound level post intervention using both studio recordings
and registrations in daily life.
Environmental noise
A feature unique to the PVA VoxLog is the ability to
register environmental noise enabling investigation of
voice use in daily life in relation to background noise.
Figure 4 shows the changes in environmental noise pre
to post intervention. Notably, voice sound level
increased following the increase in environmental noise
ranges for all participants which is in line with the
known impact of environmental noise on voice use.43
Results from earlier studies23,28 show that participants
with PD regulate their voice sound level in response to
noise ranges to a lesser degree than their matched
healthy controls. For four of the individuals in this pilot
study the level of environmental noise was lower during
the registration period post intervention. Notably, the
registration pre intervention was performed in September
and the registration post intervention in December.
Thus, the variations in levels of background noise seen
between the two registration periods could partly reﬂect
seasonal differences in daily life activities. Furthermore,
the participants were asked to report any unusual activities that could generate large variations in environmental
noise (eg going to a concert) in the activity diary. Data
obtained during the time periods corresponding to these
reports of unusual activities was removed and not used
for further analysis. However, the amount of detail in
the activity diaries varied between participants. It is possible that a more detailed description of the participants’
activities would have led to a better understanding of the
large variations in environmental noise level. The variations in environmental noise pre to post intervention
seen in this pilot study highlights the importance of taking environmental noise into account when interpreting
changes in voice sound level pre to post intervention.
Since the VoxLog is no longer available for commercial
use, there is currently no PVA available that registers
environmental noise level. In technical development of a
novel wearable device, we especially encourage that this
feature is incorporated.
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Self-to-other ratio
To be heard in higher levels of background noise the
speaker needs to increase his/her voice sound level. It
may be argued that the SOR, deﬁned as the difference
between the voice sound level and the environmental
noise level, is a more ecologically valid outcome measure
of the ability to make oneself heard compared to voice
sound level. For people with PD, the ability to register
SOR may be of particular interest considering the
changes in auditory perception and somatosensory processing previously described. This can be exempliﬁed by
the result from participant HiC4. The results from the
studio recordings revealed a decrease in voice sound level
post intervention. In contrast, in registrations in daily life
there was an increase post intervention in voice sound
level and SOR. The increase in voice sound level and
SOR was present for all levels of environmental noise
but largest at high levels (>70 dB), indicating that this
participant managed to regulate voice sound level in
response to high levels of background noise. In daily
life, typical settings with high environmental noise levels
are situations requiring communicative participation,
such as going to a restaurant or a dinner party. Notably,
the duration of registrations for participant HiC4 were
proportionally longer at higher levels of environmental
noise post intervention than pre intervention. Also, the
phonation ratio in all three levels of environmental noise
increased indicating that the participant used his voice
more after intervention. Therefore, it can be argued that
this participant may have beneﬁtted from the intervention even though the effect is not possible to assess in a
standardized studio recording. Notably, the ability to
analyze data of voice use stratiﬁed into different levels
of environmental noise gives a more dynamic portrayal
of the outcomes of intervention as compared to data
analysis from the studio recordings alone.
Phonation ratio
Communicative participation is commonly limited in
PD.2,3 To assess this complex phenomenon with objective quantitative methods is challenging. Changes in phonation ratio, the percentage spent phonating during a
registration period in an individual’s daily life, is one
approach. For people with PD, the ability to register
phonation ratio may be of particular interest considering
the common limitations in social interaction and communicative participation.2-5 The results from the study by
Gustafsson and colleagues28 mentioned above showed
that individuals with PD used their voices 50%-60% less
than their matched healthy controls and phonation ratio
went down markedly in settings with high environmental
noise. In the present pilot study, three of the participants
who completed HiCommunication increased their phonation ratio after intervention. This could either indicate
that the individuals took a more active role in communication or that they were exposed to a higher number of
communicative situations after the training.
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CONCLUSION AND SUGGESTIONS FOR FUTURE
RESEARCH
Using a method for registration of voice use in daily life to
assess speech and voice function in people with PD as well
as the carry-over of effects obtained from intervention is
challenging and has until now received little attention in the
literature, which motivates further research. This study
investigated the process and scientiﬁc feasibility of using a
PVA for registration of voice use in daily life following
intensive intervention targeting speech, voice, and communication for people with PD.
This feasibility study highlights the challenges of collecting objective data of voice use in daily life. The results reﬂect
the importance of providing participants with repeated oral
and written instructions of how to use the PVA, as well as
adding a check-up halfway through the data collection to
assure a correct positioning of the collar. Furthermore,
future studies using PVAs within large intervention trials
require careful planning of test protocols to facilitate scheduling of all assessments. Also, we suggest that research is
still needed in technical development of more user-friendly,
smaller, and light-weighted wearable devices that combine
registration of voice sound level in relation to environmental
noise for example using a smart phone-based approach.
This study highlights the importance of also using methods to objectively assess voice sound level in daily situations
outside a controlled clinical setting as a complement to traditional methods. The use of PVAs enables objective registration of voice use over a longer period in the individual’s
daily life, which is information that better reﬂects ecological
validity than only data from the clinical setting. Information
on phonation ratio, environmental noise level and ability to
adapt voice sound level to environmental noise may be
obtained and thus generates a more detailed picture of voice
use. To address aspects of scientiﬁc feasibility we exempliﬁed how effects on voice sound level assessed in standardized studio recordings compared to registrations in daily life
may differ among individuals with PD after completing a
treatment period. Changes in voice sound level pre to post
intervention were comparable when assessed in studio
recordings and recordings in daily life for some participants,
but for others not, reﬂecting that voice use is different in
daily life compared to recordings in a controlled environment. With the results from one participant, we exemplify
how the ability to analyze data of voice use stratiﬁed into
different levels of environmental noise gives a more dynamic
portrayal of the outcomes of intervention as compared to
data analysis from the studio recordings alone. The results
from the studio recordings from this participant showed a
decrease in voice sound level after intervention but in contrast an increase in voice sound level, SOR and phonation
ratio from registrations in daily life. Furthermore, as we
observed rather large variations in environmental noise pre
to post intervention, we argue that environmental noise
should be considered when interpreting changes in voice
sound level in daily life pre to post intervention. Consequently, in technical development of novel PVAs we
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especially encourage that a feature enabling registration of
voice sound level in relation to environmental noise is incorporated.
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