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Purpose: The purpose of the study was to examine the effect of two voice
intervention approaches for hypophonia secondary to Parkinson’s disease (PD)
on self-reported measures of physical demand, mental demand, and vocal
performance.
Method: Thirty-four persons with hypophonia secondary to PD were assigned
to one of three groups: Lee Silverman Voice Treatment (LSVT) LOUD (n = 12),
SpeechVive (n = 12), and nontreatment clinical control (n = 10). The LSVT LOUD
and the SpeechVive participants received 8 weeks of voice intervention follow-
ing the standardized protocol previously described for each approach. To con-
firm the effectiveness of each voice intervention, sound pressure level (dB SPL)
data were analyzed for the experimental and control participants for a mono-
logue sample obtained pretreatment, midtreatment, and posttreatment. During
the voice intervention period, the LSVT LOUD and the SpeechVive participants
were instructed to complete a modified version of the National Aeronautics and
Space Administration Task Load Index rating scale to indicate the mental and
physical demand required to complete the intervention activities, and to indicate
how well they performed in completing the assigned vocal tasks.
Results: The LSVT LOUD and the SpeechVive participants demonstrated a sig-
nificant posttreatment increase in SPL (dB), in comparison to the clinical con-
trols, thus confirming a positive intervention effect. The LSVT LOUD participants
reported significantly higher ratings of physical and mental demand over the
course of treatment, in comparison to the SpeechVive participants.
Conclusion: Consideration of the mental and physical demand associated with
two voice intervention approaches, commonly used for PD, may help to foster
improved therapeutic compliance and treatment outcomes.
Fatigue is one of the most common and debilitating
nonmotor symptoms associated with Parkinson’s disease
(PD; Friedman & Chou, 2004; Friedman et al., 2016;
Garber & Friedman, 2003; Herlofson et al., 2012;
Uebelacker et al., 2014), with an estimated prevalence of
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33%–81% (Friedman et al., 2007; Havlikova et al., 2008;
Stocchi et al., 2014). Despite the high prevalence of
fatigue in persons with PD, a universally accepted defini-
tion and taxonomy is lacking (Finsterer & Mahjoub,
2014; Kluger et al., 2013), which makes systematic explo-
ration of fatigue a challenge in clinical research. Current
methodologies employ the use of self-reported rating
scales, including the Fatigue Severity Scale (Krupp et al.,
1989) and the Fatigue Impact Scale (Fisk et al., 1994), to
identify patients’ perception of fatigue associated with a
disease state. Many of these instruments, however, do not
identify distinct mental and physical fatigue dimensions
(H. Ford et al., 1998), or they have not been sensitive to
22 • Copyright © 2022 American Speech-Language-Hearing Association 1963
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intervention effects in clinical research. In addition, the
authors are only aware of a single health care study that
has examined the temporal dynamics of fatigue across a
period of intervention aimed at smoking cessation (Liu
et al., 2013). There continues to be a paucity of longitudi-
nal data, however, on measures of fatigue in persons with
PD. Given the progressive nature of PD, perceptions of
fatigue may change over time with advances in disease
state and potentially in response to our therapeutic
approaches for their motor and nonmotor symptoms.

Previous studies have identified increased motor
(Friedman & Friedman, 1993; van Hilten et al., 1993) and
cognitive fatigue (Alves et al., 2004; Dashtipour et al.,
2015) in persons with PD. Despite this important finding,
the impact of our voice intervention programs on fatigue
has not been systematically explored. This is an important
area of study as our voice intervention programs impose
varying levels of physical and mental treatment burden
(e.g., how much effort is required to achieve a given
behavior; Eton et al., 2012). To date, research on treat-
ment burden and treatment fatigue has largely centered on
health behaviors such as medication adherence (Claborn
et al., 2015) and exercise compliance in patients with
chronic disease (Dobkin et al., 2005, 2006; Heckman
et al., 2015). These health care outcome data suggest that
behavioral interventions that are required frequently or
increase patient burden result in reduced adherence and
effectiveness.

This study will contemplate the impact of voice inter-
vention on central fatigue, a phenomenon that is reported
to frequently occur in persons with PD (Friedman et al.,
2007, 2016). Central fatigue encompasses the domains of
mental and physical demand, and it has been hypothesized
to arise from centrally mediated factors, including bio-
chemical changes in the brain and psychological shifts in
motivation and attention (Kluger & Friedman, 2009). In
this study, mental demand is operationally defined as the
cognitive effects experienced during and/or after complet-
ing tasks that require sustained concentration and mental
endurance (Chaudhuri & Behan, 2000; Lou et al., 2001),
and physical demand is operationally defined as the sense
of physical exhaustion or lack of energy required to per-
form a physical task despite the motivation to do so
(Chaudhuri & Behan, 2000; Lou et al., 2001).

Pathophysiology of Fatigue
in Parkinson’s Disease

It remains unknown how the pathological distur-
bances associated with PD may cause and/or contribute to
central fatigue. It has been postulated, however, that cen-
tral fatigue is not a consequence of the motor-based dis-
turbances that characterize PD, since fatigue is often
reported in the early stage of the disease process
1964 American Journal of Speech-Language Pathology • Vol. 31 • 19
(Herlofson et al., 2012), and it often precedes the onset of
motor symptoms (Herlofson et al., 2012; Pont-Sunyer
et al., 2014; Schrag et al., 2015). Instead, the central
fatigue associated with PD is posited to result from central
nervous system causes. Chaudhuri and Behan (2004) pro-
posed a general model of fatigue that stems from central
nervous system dysfunction, specifically the circuits con-
necting the basal ganglia and medial frontal areas, such as
the anterior cingulate gyrus. Alternate theories have also
been proposed to explain central fatigue in persons with
PD including alterations in metabolism (Capecci et al.,
2013), the presence of inflammatory markers (Lindqvist
et al., 2012), and endocrine changes (Kenangil et al.,
2009; Lv et al., 2014), which are known or suspected con-
tributors to fatigue in other neurodegenerative conditions,
such as multiple sclerosis (Malekzadeh et al., 2015).
Another potential agent of central fatigue may be depres-
sion (Friedman et al., 2007); however, central fatigue has
been shown to persist in patients with PD following suc-
cessful treatment for depression (Alves et al., 2004).
Despite the increased focus on the incidence and preva-
lence of central fatigue in PD, and its potential pathophys-
iology, the impact of our voice intervention approaches
on central fatigue remains unexplored.

Voice Intervention Approaches and PD

Two evidence-based voice treatments for hypo-
phonia include the Lee Silverman Voice Treatment
(LSVT) LOUD program and the SpeechVive prosthesis.
The LSVT LOUD program has established efficacy as a
voice treatment for persons with PD, and the SpeechVive
prosthesis has an emerging evidence base to support its
use. While LSVT LOUD and the SpeechVive share the
same therapeutic target of increasing vocal intensity, they
differ substantially in treatment burden. In the LSVT
LOUD program, the maintenance and generalization of
the treatment gains is mediated by the patients’ ability to
perform online vocal intensity monitoring and adjustment,
which imposes a substantial cognitive load on the speaker.
The use of an internal cueing strategy, such as “Think
Loud” in the LSVT LOUD program, requires individuals
to consciously manipulate their system to achieve a
desired goal.

In addition, the LSVT LOUD program involves
high respiratory-phonatory effort, which imposes a high
physical load on the speaker. In contrast, the SpeechVive
prosthesis elicits increased vocal intensity using an external
noise cue, a phenomenon known as the Lombard effect
(Lombard, 1911). The Lombard effect is a reflexive
response where speakers automatically increase their
speech volume when conversing in noise in order to
enhance the audibility of the voice. Prior studies have
demonstrated a positive Lombard effect in individuals
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with PD (Adams et al., 2020; Richardson et al., 2014;
Shrivastav et al., 2014; Stathopoulos et al., 2014). The use
of a natural external cue to elicit Lombard-speech circum-
vents the patient’s need to self-monitor and self-regulate
their vocal intensity and, thus, imposes a lower cognitive
load. Furthermore, the SpeechVive prosthesis is worn con-
tinuously over the course of the day, during opportunities
for communication, and as a result, the target vocal inten-
sity is lower than traditionally employed in LSVT LOUD.
Targeting a lower vocal intensity prevents the onset of mus-
cle fatigue and vocal hyperfunction that may be associated
with speaking at a higher vocal intensity for prolonged
periods of time. As a result, the SpeechVive prosthesis
induces a lower physical load than other forms of voice
therapy. While clinical studies have shown that both the
LSVT LOUD program and the SpeechVive prosthesis
yield significant improvements in vocal intensity (Ramig,
Sapir, Countryman, et al., 2001; Ramig, Sapir, Fox, &
Countryman, 2001; Stathopoulos et al., 2014), the treat-
ment loads imposed by each form of therapy may differ-
entially affect the patients’ perception of treatment effort.

A recent study on subjective patient experiences
reported that high-intensity training exacerbated existing
fatigue in some patients with PD (Spurgon et al., 2015).
Although this study examined a small sample of people
with PD (n = 9), it paves the way for identifying issues that
may unduly influence treatment effects. There is a pressing
need to examine the physical and psychologic sequelae of
our voice intervention programs, particularly for a clinical
population that is subject to motor (Berardelli et al., 2001;
Sheridan et al., 1987), sensory (Hammer & Barlow, 2010;
Mu et al., 2013), and cognitive vulnerabilities (Fox et al.,
2002; Zgaljardic et al., 2003, 2006). A prior study of per-
sons with PD reported higher levels of effort, as compared
to healthy controls, when completing activities of daily liv-
ing and speech tasks (Solomon & Robin, 2005). Given this
important finding, the constructs of effort should be exam-
ined within the context of voice rehabilitation. Understand-
ing how voice intervention programs exacerbate these
underlying vulnerabilities will allow clinicians and patients
to make informed decisions about the best treatment
approaches for them given considerations of fatigue, ensur-
ing strong adherence to a treatment program.

Purpose of the Study

To study the impact of treatment burden on patient
perceptions of central fatigue, we can compare two con-
trasting forms of voice intervention: LSVT LOUD ther-
apy and the SpeechVive prosthesis. The disparate cogni-
tive and physical loads imposed by each intervention
approach are likely to contribute to different perceptions
of physical and mental demand. This study hypothesized
that the patients’ perceptions of mental demand would be
taxed in response to LSVT LOUD therapy, in part due to
the use of internal cuing and the associated increase in the
attentional resources required for online vocal intensity
monitoring and regulation. It was further hypothesized
that the LSVT LOUD therapy would elicit an increased
sense of physical demand, as the therapy is designed in
accordance with drive activity-dependent neuroplasticity
(e.g., modifications in the central nervous system in
response to high level of physical activity). Lastly, it was
hypothesized that voice intervention delivered through the
SpeechVive prosthesis would result in lower ratings of
mental and physical demand, due to the use of a natural
external cue and the use of a distributed practice schedule
and a lower intensity dose of treatment. Ratings of task
performance were included to provide a subjective, self-
assessment of therapy outcomes.
Materials and Method

The institutional review board at the University of
Massachusetts Amherst approved the study procedures, and
Purdue University deferred to University of Massachusetts
consistent with National Institutes of Health’s policy for
multisite research. Study participants were paid for their
participation and received voice intervention at no cost.
Written informed consent was obtained for all study
participants.

Participant Description

Forty-one individuals with PD were screened for
study eligibility. Seven individuals were excluded from
study because they failed to meet the eligibility criteria or
they declined to participate. In total, 34 individuals with
hypophonia, secondary to idiopathic Parkinson’s disease
(PD), were enrolled in this multisite study (Purdue Univer-
sity, West Lafayette, Indiana; University of Massachusetts
Amherst, Massachusetts). The sample size was chosen to
detect a 5-sound pressure level (dB SPL) difference with a
study power of 0.8 and significance level of 0.05. Partici-
pants were stratified to one of three groups based on
hypophonia severity level: LSVT LOUD (n = 12; Mage =
68.42, SD = 4.89), SpeechVive (n = 12; Mage = 69.58,
SD = 7.53), or the clinical control group (n = 10; Mage =
66.60, SD = 10.71) where voice intervention was withheld.
A balanced distribution of hypophonia severity level was
targeted across groups. Judgments of hypophonia were
assigned during the study screening procedures and con-
firmed by the first author (K.R.), who has 13 years of
clinical experience with neurological voice disorders.
Hypophonia was defined as soft speech noted during con-
versational speech and/or patient complaint of difficulty
being heard by others. Due to the SARS-CoV-2 pandemic,
Richardson et al.: Fatigue and Voice Intervention 1965



posttreatment data were not collected for three LSVT par-
ticipants, one SpeechVive participant, and one control par-
ticipant. The pre- and midtreatment data collected for these
participants were included in the statistical analysis.

Criteria for inclusion were (a) a diagnosis of idio-
pathic Parkinson’s disease by a neurologist, (b) presence
of hypophonia, (c) no recent history of acute illness per
self-report, (d) no comorbid neurological conditions,
(e) free of symptoms of depression as reflected by the
Geriatric Depression Scale (Yesavage et al., 1982) or
under pharmacological management for depressive symp-
toms, and (f) negative laryngeal pathology as determined
by a videolaryngoscopic examination administered at
baseline. Hearing was screened for each study participant
using standard pure-tone detection measures. The partici-
pants demonstrated typical hearing thresholds in at least
Table 1. Participant description.

ID Group Age (years)
Hoehn &
Yahr MoC

F03 LSVT LOUD 65 3
F04 LSVT LOUD 71 2
F05 LSVT LOUD 75 2
M02 LSVT LOUD 62 3
M03 LSVT LOUD 74 3
M04* LSVT LOUD 70 3
M08 LSVT LOUD 68 2
M09 LSVT LOUD 68 4
M11 LSVT LOUD 65 2
M12 LSVT LOUD 75 3
M13 LSVT LOUD 60 1
M14 LSVT LOUD 68 2
LSVT LOUD (n = 12) M = 68.42, SD = 4.89 Range: 1–4 M = 25.9
F01 SpeechVive 82 2
F02 SpeechVive 77 4
F46 SpeechVive 72 2
M01 SpeechVive 75 3
M05 SpeechVive 70 2
M06 SpeechVive 52 3
M07 SpeechVive 68 1
M10 SpeechVive 62 3
M15 SpeechVive 67 2
M43 SpeechVive 70 3
M45* SpeechVive 69 3
M48 SpeechVive 71 5
SpeechVive (n = 12) M = 69.58, SD = 7.53 Range: 1–4 M = 25.5
F31 Control 79 3
F33 Control 54 2
F34 Control 70 2
F37 Control 80 2
F40* Control 58 1
M32* Control 54 3
M35 Control 68 3
M38 Control 69 1
M39 Control 55 4
M47 Control 79 5
Control (n = 10) M = 66.60, SD = 10.71 Range: 1–5 M = 26.5

Note. The first character in the ID column denotes participant sex (M =

*Deep brain stimulation subthalamic nucleus; MoCA= Montreal Cognitiv
firmed by the first author (K.R.) during connected speech; voice symptom
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one ear for octave frequencies between 250 and 4000 Hz
presented at 40 dB (Feenaughty et al., 2013). Thirty-two
participants were under pharmacological management for
their PD-related symptoms. These participants were tested
during the “on” state of their medication cycle. One con-
trol participant (M35) and one SpeechVive participant
(M45) were not under pharmacology management for
their PD symptoms at the time of the study.

Table 1 provides a descriptive overview of the par-
ticipants. The participants presented with mild-to-severe
motor involvement as determined by the Hoehn and Yahr
staging classification. As reflected in Table 1, the Hoehn
and Yahr staging scores were fairly uniform across the
LSVT LOUD, the SpeechVive, and the clinical control
groups. Motor disease severity, however, was not balanced
a priori as prior research has demonstrated that the
A score
Hypophonia
severity Chief voice complaints

30 Mild Hoarseness, reduced loudness
27 Mild Hoarseness, pitch breaks
26 Mild/Moderate Reduced loudness
30 Moderate Reduced loudness
26 Mild Reduced loudness
24 Moderate Reduced loudness, voice tires
21 Moderate Reduced loudness
21 Mild/Moderate Hoarseness, pitch breaks
29 Moderate Hoarseness, reduced loudness
23 Mild/Moderate Hoarseness, voice tires
25 Mild Reduced loudness, breathiness
27 Moderate Hoarseness, voice tires
2, SD = 3.12
23 Moderate Hoarseness, reduced loudness
27 Mild/Moderate Breathiness, reduced loudness
29 Mild Reduced loudness, hoarseness
27 Mild/Moderate Breathiness, reduced loudness
21 Moderate Reduced loudness, pitch breaks
30 Moderate Hoarseness, voice tires
27 Mild Voice tires, reduced loudness
23 Mild/Moderate Voice tires, reduced loudness
26 Moderate Reduced loudness, pitch breaks
23 Moderate Reduced loudness
26 Mild Reduced loudness, hoarseness
24 Moderate Reduced loudness, breathiness
0, SD = 2.71
26 Mild Reduced loudness, hoarseness
27 Mild Reduces loudness, breathiness
27 Moderate Reduced loudness
27 Moderate Reduced loudness, hoarseness
29 Mild Reduced loudness, hoarseness
27 Moderate Reduced loudness
27 Moderate Reduced loudness, breathiness
27 Mild Reduced loudness, hoarseness
26 Moderate Reduced loudness
22 Mild Reduced loudness
0, SD = 1.78

male; F = female). LSVT = Lee Silverman Voice Treatment.

e Assessment; hypophonia severity ratings were assigned or con-
s were self-reported in a structured health questionnaire.
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relationship between disease severity and fatigue in per-
sons with PD is not significant (Ding et al., 2017; Kostić
et al., 2016). The Montreal Cognitive Assessment (MoCA;
Hoops et al., 2009) was administered at baseline to iden-
tify the presence or absence of cognitive impairment. Cog-
nitive deficits are commonly reported in individuals with
PD and the inclusion of people with PD, and some level
of cognitive deficits enhances the ecological validity of the
voice intervention study. The MoCA scores, reported in
Table 1, represent the inclusion of 11 participants with
mild cognitive impairment (MoCA score: 18–25) and 23
participants with normal cognition (MoCA score ≥ 26).
The 11 participants with mild cognitive impairment were
uniformly distributed between the LSVT LOUD and the
SpeechVive groups (see Table 1). It was determined that
all participants recruited for study could fully participate
in their assigned group and follow testing instructions in
the research laboratory. Furthermore, the participants
were asked to identify the presence of speech and/or voice
problems using a structured questionnaire that was admin-
istered at baseline (see Table 1). A small subset of partici-
pants (n = 8) reported a prior history of speech therapy to
address speech and/or swallowing concerns. Prior therapy
included articulation-based approaches, nonstandardized
vocal exercises, and swallowing exercises. Prior therapy
occurred at least 12 months prior to enrollment in this
study. Five of these eight participants (F31, F37, M35,
M38, and M47) were clinical controls, and three of these
participants (M43, M45, and M48) were assigned to the
SpeechVive group. The three participants assigned to the
SpeechVive group had not previously received intervention
with the SpeechVive prosthesis. Four participants had pre-
viously received a subthalamic nucleus deep brain stimula-
tion; their participant numbers are starred in Table 1.

Intervention Description

The LSVT LOUD and the SpeechVive interventions
followed the standardized protocol and treatment dose
previously described for each approach (Ramig, Sapir,
Fox, & Countryman, 2001; Stathopoulos et al., 2014).

LSVT LOUD. The LSVT LOUD participants (n =
12) received voice treatment at a Massachusetts outpatient
clinic and participated in laboratory testing at the Univer-
sity of Massachusetts Amherst. The LSVT LOUD–

certified clinician was not involved in any other aspect of
the study. The participants received the standard LSVT
protocol, which involves 16 voice intervention sessions
over 4 weeks (1 hr per session × 4 days per week ×
4 weeks) plus the assignment of daily homework and
carry-over activities. After the 4-week program concluded,
the LSVT LOUD participants were instructed to engage in
daily home practice of the vocal exercises for an additional
4 weeks. To facilitate at-home practice, the LSVT LOUD
Homework Helper application was installed on each partic-
ipant’s mobile device. A homework log was maintained by
the LSVT LOUD participants and reviewed biweekly by
research personnel. The LSVT LOUD participants were
found to be in compliance with their assigned intervention
protocol.

SpeechVive prosthesis. Trained research personnel
implemented the SpeechVive intervention over an 8-week
period. In accordance with the SpeechVive protocol, partici-
pants (n = 12) were instructed to wear the SpeechVive pros-
thesis daily during communication and during 30 min of
oral reading. The SpeechVive prosthesis presented multi-
talker babble (Auditec of St. Louis) to one ear when the
participant was speaking. Multitalker babble has been
shown to naturally elicit louder speech due to the Lombard
effect (Garnier et al., 2010). The multitalker babble was
presented through a small speaker with an open-ear fitting
to prevent an occlusion effect. The SpeechVive prosthesis
was fit to the ear with the best hearing thresholds as deter-
mined by baseline audiometric screening procedures. The
detection level was adjusted by the experimenter until the
SpeechVive activated and deactivated at the onset and off-
set of speech, respectively. The amplitude of the multitalker
babble was then increased during conversational speech
until each participant spoke 3 dB above his/her own com-
fortable vocal intensity. Six of the participants received
intervention with the SpeechVive prosthesis at the Univer-
sity of Massachusetts Amherst, and six participants
received the SpeechVive intervention at Purdue University.
To monitor compliance with the therapeutic regime, usage
data were recorded by the SpeechVive prosthesis and
reviewed biweekly by the research personnel. The Speech-
Vive participants were found to be in compliance with their
assigned intervention protocol. The SpeechVive partici-
pants did not receive any form of behavioral voice therapy.

Clinical controls. In total, 10 clinical control partici-
pants were tested at Purdue University at the same time
points as the experimental groups, but voice intervention
was withheld. Intervention was offered through an unre-
lated study to these participants, after their completion of
the current study.

Equipment

The acoustic signal was captured using an omni-
directional head-mounted microphone (Sennheiser Model
HSP2; Shure Beta 53). The same microphone was used for
each participant across sessions and was positioned at a
mouth-to-microphone distance of 6 cm at a 45° azimuth.
Gain was provided to the acoustic signal through a pream-
plifier (Denon DN-700R; Marantz PM670) throughout
each recording session. The microphone was calibrated for
the SPL on the day of testing at a known frequency of
1 kHz and a known decibel level of 94 dB SPL (Sper
Richardson et al.: Fatigue and Voice Intervention 1967



Scientific Acoustic Calibrator Model 850016; Quest QC-20
calibrator). The same methods of recording and calibra-
tion were used for each participant across testing sessions.

Study Variables

Sound pressure level (SPL). To confirm a positive
intervention effect, SPL data were captured 1 week before
voice intervention was initiated (pre), midtreatment (mid),
and within 1 week of treatment end (post). Participants in
the control group were tested at their comfortable loud-
ness. Participants in the LSVT LOUD group were tested
at their comfortable loudness and at a cued louder voice.
Participants in the SpeechVive group were tested with and
without the prosthetic in place. For the LSVT LOUD
group, the posttreatment, comfortable loudness data were
considered in determining a treatment effect since the pur-
pose of LSVT LOUD is to train a louder, clearer voice.
Since the SpeechVive is a prosthetic device and it is not
intended to elicit a training effect, data from the Speech-
Vive participants while wearing the device were considered
in determining a treatment effect.

For the experimental and the control participants,
SPL data were captured for a 30-s monologue (on a neu-
tral topic). Pauses longer than 150 ms were visually identi-
fied using a time-aligned spectrogram and acoustic wave-
form, and these pauses served as utterance boundaries.
The SPL data were measured across utterances using a
customized script in Praat (Boersma & Weenink, 2019).
Calibration values from the microphone calibration were
factored into the measurement of SPL. The data mea-
surers were blinded to the participants’ group assignment
and treatment session. To assess intermeasurer reliability
of the SPL data, 10% of the acoustic data were selected
for measurement by an independent examiner. A mean
intraclass correlation coefficient (ICC) of .985 was
reported indicating strong agreement between the original
and independent examiner.

Ratings of mental demand, physical demand, and per-
formance. To assess temporal changes in qualitative
reports of mental fatigue, physical fatigue, and vocal per-
formance, a daily instrument of self-assessment was com-
pleted over the 8-week intervention period.

For the LSVT LOUD and the SpeechVive partici-
pants, a modified paper-based version of the National
Aeronautics and Space Administration Task Load Index
(NASA-TLX; Hart & Staveland, 1988) was used to assess
perception of mental demand, physical demand, and vocal
performance. The modified NASA-TLX was completed at
the end of each clinic visit or home practice session. The
NASA-TLX is a widely accepted and validated tool to
measure subjective workload after completing a task (Dias
et al., 2018; Hart, 2006; Hart & Staveland, 1988). The
NASA-TLX was initially created for use in the aviation
1968 American Journal of Speech-Language Pathology • Vol. 31 • 19
industry, but has since been expanded for use in other sec-
tors including health care (Fournier et al., 1999; Lowndes
et al., 2020; Miyake, 2020; Ruiz-Rabelo et al., 2015;
Tubbs-Cooley et al., 2018).

The NASA-TLX contains six predefined dimensions
related to mental demand, physical demand, temporal
demand, performance, effort, and frustration. To meet the
goals of this study, three of these predefined dimensions
(mental demand, physical demand, and performance) were
examined using a modified NASA-TLX form. For each
dimension, the participants were presented with a visual
analogue scale with fixed, descriptive endpoints of 0 =
“low” and 100 = “high” for the dimensions of mental and
physical demand, and 0 = “poor” and 100 = “good” for
the dimension of performance. To ensure the participants’
interpretation of mental demand, physical demand, and
performance were stable over time, written prompts were
included. For ratings of mental demand, the prompt was,
“How much mental activity was required to perform the
treatment tasks (e.g., thinking, decision-making, remem-
bering)?” For ratings of physical demand, the prompt
was, “How much physical activity was required to per-
form the treatment tasks (e.g., muscle fatigue)?” For the
performance dimension, the prompt was, “During this
treatment session, how successful do you think you were
in accomplishing the goals set out by the trainer or your-
self?” Visual analogue scales carry low-participant burden,
show moderate-to-strong test–retest reliability (Salomon &
Murray, 2004; Siegel et al., 1997), and are often used to
assess health status in longitudinal studies.

There are two methods of administering and scoring
the NASA-TLX. This study used the raw NASA-TLX
scores, which are most commonly reported in the litera-
ture (Said et al., 2020). The participants rated each of the
three predefined dimensions after completing their daily
voice program, without weighing the relative contribution
of each dimension to a workload score (the alternate scor-
ing method). Distance (in mm) was measured from the left
end of the scale to the rating made by the participant. For
each participant, an arithmetic mean of each dimension
was computed for Intervention Weeks 1, 4, and 8, to
reflect the start, middle, and end of treatment. Higher
scores reflect perception of increased mental demand,
increased physical demand, and increased success in
accomplishing their daily therapy goal.

Statistical Analysis

SPL. The mean SPL data for 34 participants were
submitted to a 3 × 3 linear mixed model analysis of vari-
ance (ANOVA, SAS 9.4). The between-subjects factor was
group (three levels: LSVT LOUD, SpeechVive, clinical
control group) with a within-subject factor of session
(three levels: pre, mid, and post). The SPL data for the
63–1978 • September 2022



clinical control participants were included in the statistical
model to confirm an intervention effect.

Ratings of mental demand, physical demand, and per-
formance. The mental demand, physical demand, and per-
formance data for the 24 experimental participants were
submitted to a 2 × 3 linear mixed model ANOVA (SAS
9.4). The between-subjects factor was group (two levels:
LSVT LOUD, SpeechVive) with a within-subject factor of
session (three levels: Week 1, Week 4, and Week 8). Physi-
cal demand, mental demand, and performance data were
not collected for the clinical control participants, as they
did not receive intervention.

For all statistical analyses, participant was included
as a repeated effect in the model to account for expected
intersubject differences in response to treatment. Tukey
post hoc analyses were used to explore all significant main
effects and interactions. A Bonferroni-adjusted p value of
.01 was used to control for multiple comparisons. Cohen’s
d effect size statistics are reported for all significant com-
parisons. Sex was not included as a covariate as no sex-
related differences have been reported for perception of
fatigue (Said et al., 2020) or SPL in people with PD (Fox
& Ramig, 1997; Levitt et al., 2015). Additionally, the
effect of sex was mitigated by the balanced distribution of
males and females across treatment groups. The inferential
statistics reported below are supported by descriptive data.
Figure 1. Mean sound pressure level (dB SPL) data are shown for
the control, Lee Silverman Voice Treatment (LSVT) LOUD, and
SpeechVive groups for the pretreatment (pre), midtreatment (mid),
and posttreatment (post) sessions. The bars represent the stan-
dard error of the mean.
Results

SPL

For mean SPL, a significant difference was identified
for group, F(2, 31) = 4.34, p = .021, with higher SPLs
values reported for the clinical controls (M = 81.07 dB,
SD = 4.88), as compared to the LSVT LOUD group,
t(31) = 2.78, p = .024 (M = 75.89 dB, SD = 5.12, d = 0.55).
Significant differences were identified for session, F(2, 56) =
62.80, p < .001, with higher SPL values reported mid-
treatment, t(56) = 8.42, p < .001 (M = 80.4, SD = 3.5, d =
0.611), and posttreatment, t(56) = 10.42, p < .001 (M =
81.5, SD = 3.4, d = 0.929), as compared to pretreatment
(M = 78.2, SD = 3.7). A significant Group × Session
interaction was further identified, F(4, 56) = 31.15, p <
.001. Tukey’s post hoc analysis indicated that there was
no significant change in SPL for the control participants
for all session comparisons: Pre- to midtreatment, t(56) =
1.99, p = .557 (M = −0.41 dB); mid- to posttreatment,
t(56) = .94, p = .989 (M = +0.12 dB); or pre- to post-
treatment, t(56) = .97, p = .987 (M = −0.29 dB). In con-
trast, the SpeechVive participants demonstrated a signifi-
cant increase in mean SPL pre- to midintervention, t(56) =
8.91, p < .001, d = 0.227 (M = +2.66 dB), and pre- to
postintervention, t(56) = 6.36, p < .001, d = 0.448 (M =
+3.32 dB). No significant change in SPL was identified
mid- to post-intervention, t(56) = 1.77, p = .700 (M =
+0.65 dB). For the LSVT LOUD participants, a significant
change in SPL was identified for all session comparisons:
Pre- to midtreatment, t(56) = 8.22, p < .001, d = 0.221
(M = +2 dB); mid- to posttreatment, t(56) = 5.13, p =
.0001, d = 0.156 (M = +1 dB); and pre- to posttreatment
t(56) = 12.51, p < .001, d = 0.377 (M = +3 dB). Group
mean SPL data are shown in Figure 1.

Ratings of Mental Demand

For ratings of mental demand, significant group dif-
ferences were identified, F(1, 20) = 27.56, p < .001, with the
LSVT LOUD participants indicating higher levels of men-
tal demand (M = 66.52, SD = 20.68), as compared to the
SpeechVive participants (M = 23.78, SD = 24.86, d =
−1.869). A nonsignificant effect of session, F(2, 37) = 4.95,
p = .0123, was identified with similar mean ratings of men-
tal demand observed across Week 1 (M = 48.23, SD =
30.23), Week 4 (M = 42.39, SD = 31.56), and Week 8 (M =
40.90, SD = 31.88).

A significant Group × Session interaction was identi-
fied, F(2, 37) = 24.74, p < .001. The SpeechVive partici-
pants reported significantly lower ratings of mental demand
at Week 4, t(37) = 5.83, p < .001 (M = 19.52, SD = 18.03.
d = −0.632), and Week 8, t(37) = 6.81, p < .001 (M =
16.59, SD = 17.70, d = −0.753), as compared to Week 1
(M = 35.23, SD = 30.19). Individual subject analysis con-
firmed that seven of 12 SpeechVive participants followed
the group trend. Five speakers (M05, M07, M43, M48, and
F02) deviated from this pattern. Speakers M05 indicated
Richardson et al.: Fatigue and Voice Intervention 1969



Figure 2. Self-reported ratings of mental demand are shown for
Intervention Weeks 1, 4, and 8 for the SpeechVive and Lee Silverman
Voice Treatment (LSVT) LOUD participants. The ordinate denotes the
self-reported visual analogue scale ratings from 0 (low demand) to
100 (high demand). In the box plots, the horizontal lines denote
the median value. The box whiskers extend from the 25th to the 75th
percentile. The dots indicate values outside of the 5th/95th percentile.
higher ratings of mental demand at Week 4 (M = 37.17)
and Week 8 (M = 31.83), as compared to Week 1 (M =
8.33). Similarly, speaker M07 reported slightly higher rat-
ings at Week 4 (M = 54) and Week 8 (M = 56), as com-
pared to Week 1 (M = 47). Speaker M48 indicated higher
ratings of mental demand at Week 4 (M = 46.67) and
Week 8 (M = 54.67), as compared to Week 1 (M =
36.67). Speakers M43 and F02 showed no clinically mean-
ingful change in ratings of mental demand across sessions
(see Figure 3). For the LSVT LOUD participants, no
Figure 3. Single subject ratings of mental demand and physical demand
participants.
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significant change in mental demand was reported at
Week 4, t(37) = −2.26, p = .235 (M = 66.24, SD = 20.04),
or Week 8, t(37) = −2.27, p = .999 (M = 67.03, SD =
15.54), as compared to Week 1 (M = 60.07, SD = 23.53).
Individual subject analysis indicated that four of the 12
LSVT LOUD participants (M08, M12, M13, and M14)
decreased their ratings of mental demand across treatment
with a mean rate of change of 12.40 (100-point scale;
SD = 8.89). Five of the twelve LSVT LOUD participants
(M02, M04, M09, F03, F05) reported a mean increase of
14.05 (100-point scale; SD = 10.11) across the intervention
period. One LSVT LOUD participant (M03) reported no
meaningful change in ratings of mental effort across time,
and two LSVT LOUD participants (F04 and M11)
showed variable ratings of effort across the intervention
period. Descriptive group data for ratings of mental
demand are shown in Figure 2. Single-subject ratings are
depicted in Figure 3 for the SpeechVive participants and
Figure 4 for the LSVT LOUD participants.

Ratings of Physical Demand

For ratings of physical demand, significant group dif-
ferences were identified, F(1, 20) = 77.63, p < .001, with the
LSVT LOUD participants reporting higher levels of physi-
cal demand (M = 65.33, SD = 19.95), as compared to
SpeechVive participants (M = 16.68, SD = 18.09, d =
−2.555). A significant effect of session, F(2, 37) = 8.45, p <
.001, was identified with higher ratings of physical demand
reported at Week 1 (M = 45.24, SD = 27.78), as compared
to Week 4, t(37) = 3.03, p = .010 (M = 39.69, SD = 33.27,
d = −0.181), and Week 8, t(37) =3.84, p < .001 (M = 37.70,
SD = 31.96, d = −0.252).

A significant Group × Session interaction was fur-
ther identified, F(2, 37) = 16.57, p < .001. The SpeechVive
are shown for Intervention Weeks 1, 4, and 8 for the SpeechVive
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Figure 4. Single-subject ratings of mental demand and physical demand are shown for Intervention Weeks 1, 4, and 8 for the Lee Silverman
Voice Treatment (LSVT) LOUD participants.

Figure 5. Self-reported ratings of physical demand are shown for
Intervention Weeks 1, 4, and 8 for the Lee Silverman Voice Treatment
(LSVT) LOUD and the SpeechVive participants. The ordinate denotes
the self-reported visual analogue scale ratings from 0 (low demand) to
100 (high demand). In the box plots, the horizontal lines denote the
median value. The box whiskers extend from the 25th to the 75th per-
centile. The dots indicate values outside of the 5th/95th percentile.
participants reported significantly lower levels of physical
demand at Week 4, t(37) = 5.82, p < .001 (M = 11.64,
SD = 4.03, d = −1.583), and Week 8, t(37) = 6.34, p < .001
(M = 10.5, SD = 8.15, d = −1.51), as compared to Week 1
(M = 26.74, SD = 12.87). Six of the 12 SpeechVive partici-
pants followed the group trend. Three SpeechVive partici-
pants (F02, M05, and M43) showed no meaningful change
in ratings of physical demand across the intervention
period, and three SpeechVive users (M48, M10, and M07)
showed variable ratings of physical effort across time. For
the LSVT LOUD participants, no significant change in rat-
ings of physical demand were identified at Week 4, t(37) =
−1.49, p = .672 (M = 68.86, SD = 19.12), or Week 8,
t(37) = −0.52, p = .965 (M = 67.59, SD = 20.24), as com-
pared to Week 1 (M = 64.44, SD = 20.58). Individual sub-
ject analysis indicated that four of the 12 LSVT LOUD
participants (M08, M12, M13, and M14) reported a mean
decrease of 18.51 (100-point scale; SD = 9.76) across the
intervention period. Furthermore, two of the 12 LSVT
LOUD participants (M02 and M04) showed a mean
increase of 18.04 (100-point scale; SD = 9.41) across ses-
sions. The remaining six LSVT LOUD participants showed
variable ratings of physical demand across the intervention
period. Descriptive data for ratings of physical demand are
shown at the group level in Figure 5. Single-subject ratings
are depicted in Figure 3 for the SpeechVive participants
and Figure 4 for the LSVT LOUD participants.

Ratings of Performance

For ratings of performance, no significant group dif-
ferences were observed, F(1, 20) = 0.11, p = .746, between
the LSVT LOUD (M = 76.88 SD = 13.58) and the Speech-
Vive participants (M = 75.63, SD = 20.86). A significant
effect of session, F(2, 37) = 40.12, p < .001, was identified
with higher mean performance ratings indicated at Week 4,
t(37) = −7.80, p < .001 (M = 81.16, SD = 15.23, d = 0.725)
and Week 8, t(37) = −7.44, p < .001 (M = 80.38, SD =
13.71, d = 0.706), as compared to Week 1 (M = 68.29,
SD = 19.95).

A significant Group × Session interaction was identi-
fied, F(2, 37) = 10.04, p < .001. The SpeechVive partici-
pants reported significantly higher levels of performance at
Week 4, t(37) = −7.51, p < .001 (M = 81.44 SD = 18.45,
d = 0.847), and Week 8, t(37) = −8.87, p < .001 (M =
82.73, SD = 15.21, d = 0.975), as compared to Week 1
(M = 64.07, SD = 22.39). No significant difference was
Richardson et al.: Fatigue and Voice Intervention 1971



identified between Week 4 and Week 8, t(37) = −1.45,
p = .694, for the SpeechVive users. The LSVT LOUD
participants reported significantly higher levels of perfor-
mance at Week 4, t(37) = −3.54, p < .01 (M = 80.89,
SD = 11.27, d = 0.59), as compared to Week 1 (M =
72.71, SD = 16.05), but there was no significant differ-
ence in performance ratings at Week 8 (M = 78.44, SD =
10.87) as compared to Week 1, t(37) = −2.04, p = .34,
and Week 4, t(37) = 1.10, p = .878. Descriptive data for
ratings of performance are shown in Figure 6.
Discussion

The SPL data confirm the intervention effectiveness
of the LSVT LOUD and SpeechVive therapies. Pre- to
post-intervention, the LSVT LOUD and SpeechVive pro-
grams demonstrated a mean vocal intensity gain of approx-
imately 3 dB SPL. The present SPL data are consistent with
prior studies reporting vocal intensity gains in monologue
speech after completing the LSVT LOUD therapy (Ramig
et al., 2018; Ramig, Sapir, Countryman, et al., 2001) and
when using the SpeechVive prosthetic (Richardson et al.,
2014; Stathopoulos et al., 2014). The present SPL data,
however, are not congruent with prior results reported by
Ho et al. (1999), who found that individuals with PD did
not modulate their vocal intensity in response to back-
ground noise, but they did increase their speech volume
Figure 6. Self-reported ratings of performance are shown for Inter-
vention Weeks 1, 4, and 8 for the Lee Silverman Voice Treatment
(LSVT) LOUD and the SpeechVive participants. The ordinate
denotes the self-reported visual analogue scale (VAS) ratings from 0
(poor performance) to 100 (good performance). In the box plots, the
horizontal lines denote the median value. The box whiskers extend
from the 25th to the 75th percentile. The dots indicate values out-
side of the fifth/95th percentile.
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when explicitly directed by the examiner to read aloud using
a louder voice. The difference in study results may be attrib-
uted to the different stimuli used in the background noise
condition across studies. Ho et al. (1999) used pink noise to
elicit Lombard-speech, whereas this study used multitalker
babble. Previous psychoacoustic studies have reported a
greater Lombard effect for fluctuating noises, such as babble
noise, as compared to continuous noise, such as pink noise.
For example, the seminal work of Pearson et al. (1976) iden-
tified that speakers increased sound pressure level by 0.60 dB
for each decibel increase in babble noise. Conversely, the
Lombard function for pink noise is approximately 0.4 dB/dB
(Giguère et al., 2006; Pearson et al., 1976).

This exploratory study offers preliminary evidence
supporting an impact of treatment burden on patient per-
ceptions of central fatigue. The higher ratings of mental
demand reported for the LSVT LOUD group are in line
with the treatment approach, which requires active self-
monitoring and online vocal intensity regulation. The lower
ratings of mental demand reported for the SpeechVive
group are concordant with an intervention approach that
relies on nonvolitional control of vocal intensity. In custom-
izing voice rehabilitation programs, it may be important for
clinicians to consider the use of an internal cue, such as
“Think LOUD” in LSVT LOUD, versus an external cue,
such as the multitalker babble delivered by the SpeechVive
prosthesis. Previous studies have shown that some individ-
uals with PD are impaired in decision-making tasks that
require internal attentional control (Brown & Marsden,
1988; Dirnberger & Jahanshahi, 2013), which is posited to
reflect a resource capacity issue. The influence of internal
versus external cueing on task performance has been more
extensively explored in the limb literature. The use of an
external auditory cue has been shown to significantly
increase walking velocity (M. P. Ford et al., 2010), cadence
(M. P. Ford et al., 2010), and stride length (M. P. Ford
et al., 2010; Rochester et al., 2007) in persons with PD,
whereas an internal cue such as “think about taking larger
steps” significantly reduced step frequency in persons with
PD (Baker et al., 2007). Similar improvements have been
shown for the use of external cues to increase handwriting
size (Oliveira et al., 1997). The use of an external cue may
facilitate a more efficient allocation of attentional resources
(Behrmann et al., 2004; Norman & Shallice, 1980;
Rochester et al., 2004; Yogev et al., 2005) and may prove
beneficial for patients who present with comorbid deficits
in executive functioning. Large-scale systematic research is
needed to explore these lines of questioning and to deter-
mine the patient-specific cognitive parameters that should
guide our treatment planning. Lastly, seminal research on
cognitive effort has indicated that complex and non
automatic tasks require increased cognitive control and sys-
tem resources (Hasher & Zacks, 1979; Schneider & Shiffrin,
1977). As a result, the use of internally mediated voice
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intervention approaches should strive to automate the
desired behavior. LSVT LOUD sets out to accomplish this
task through high repetition drills, carry-over activities, and
the use of patient-specific functional phrases.

In exploring the temporal dynamics of fatigue in
response to intervention, the SpeechVive participants
reported significantly lower ratings of mental demand
across the intervention period, which may suggest a
decrease in listener effort as the speaker adjusted to the
external noise cue. There is a plethora of behavioral
(Heinrich & Schneider, 2011; Murphy et al., 2000; Pichora-
Fuller et al., 1995), pupillometric (Kramer et al., 1997;
Zekveld & Kramer, 2014; Zekveld et al., 2010), and neuro-
imaging (Davis & Johnsrude, 2003) evidence to suggest that
cognitive and listener effort increase when listeners are
faced with a condition of background noise or a degraded
speech signal (Peelle, 2018). It is possible that the Speech-
Vive users adapted to the noncomprehensibility of the multi-
talker babble noise over time, and thus, any level of cogni-
tive interference decreased. An examination of individual
responses to treatment suggests that the majority of speakers
found the SpeechVive prosthesis to be less mentally demand-
ing with continued use, but five speakers reported an
increase or no change in mental load with treatment. The
factors contributing to this discordant pattern, observed in a
small subset of speakers, remains unclear. The authors
posit that this finding may reflect impairment in attention-
selective processes (Perriol et al., 2005), and/or the
speakers may have found the external noise cue to be an
auditory distraction. Previous studies have reported that
some persons with PD demonstrate reduced inhibition of
task-irrelevant information (Canavan et al., 1989; Downes
et al., 1989). In contrast, the group data for the LSVT
LOUD participants reflected stable ratings in mental
demand over the course of treatment. The individual
LSVT LOUD data, however, showed that five speakers
increased their ratings of mental demand over the inter-
vention period, which is in keeping with the progressive
and hierarchical nature of the therapy program. The ini-
tial phases of the LSVT LOUD program rely extensively
on clinician modeling and external cueing strategies (e.g.,
“say that again, but louder”), which imposes a lower cogni-
tive load on the patient. As treatment progresses, the patient
gradually learns to assume the role of clinician and to inde-
pendently monitor and adjust their speaking volume. Over-
all, the higher levels of mental demand reported for the
LSVT LOUD participants, in comparison to the SpeechVive
participants, reflects important differences in treatment bur-
den. The higher cognitive load imposed by a self-monitoring
treatment approach may cause additional stress on already
burdened attentional processing and resource allocation
system.

This study further supports the hypothesis that the
LSVT LOUD participants would indicate higher ratings
of physical demand, as compared to the SpeechVive par-
ticipants. The higher levels of physical demand reported
for the LSVT LOUD participants is in keeping with the
high level of respiratory and phonatory effort used in this
intervention approach. The lower ratings of physical
demand observed for the SpeechVive users is in keeping
with the intervention approach, where louder speech is
elicited during conversation, affording speakers the oppor-
tunity for periods of physical rest. Furthermore, while the
group data indicated that ratings of physical demand sig-
nificantly decreased over the intervention period, the
SpeechVive users appeared to drive this effect. In compari-
son to the LSVT LOUD participants, the SpeechVive
users showed a larger magnitude of change in their ratings
of physical effort over time, while their performance rat-
ings continued to rise, which may suggest motor adapta-
tion and/or muscle conditioning in response to treatment.
Prior research has shown significant improvements in aer-
obic capacity (Schenkman et al., 2012) and muscle
strength (Goodwin et al., 2008; Mehrholz et al., 2010), in
persons with PD following exercise training. In contrast,
the majority of LSVT LOUD participants reported higher
ratings of physical demand across the intervention period.
These higher levels of physical demand suggest that the
LSVT LOUD participants were in compliance with the
home therapy program and continued the intensive voice
exercises as directed. Motor rehabilitation studies have
found similar parallels between high- and low-intensity
training programs. Studies have reported similar improve-
ments in gait speed and stride length (Pohl et al., 2003)
and aerobic capacity (Ridgel et al., 2009; Shulman et al.,
2013) for high-intensity (80% of maximum capacity) and
low-intensity (50% of maximum capacity) training pro-
grams. Consideration of the patients’ current physical con-
ditioning, exercise routine, and general health status may
help to inform our voice rehabilitation approach.

Data-driven hypotheses were not formulated for the
participants’ self-assessment of task performance. Rather,
this subjective metric provided insight into the patients’
perception of task execution. The performance data were
interesting as both treatment groups reported consistent
and strong vocal performance, despite significant differ-
ences in treatment burden. In comparison to the first week
of therapy, performance ratings were significantly higher
at Week 4 and Week 8 for the SpeechVive users, and sig-
nificantly higher at Week 4 for the LSVT LOUD partici-
pants. The higher performance rating observed at Week 4,
but not Week 8, for the LSVT LOUD speakers is likely
attributable to clinician feedback provided during one-on-
one therapy in the first 4 weeks of therapy. Further-
more, although not statistically significant, the SpeechVive
group started at a lower mean performance rating than
the LSVT LOUD group. These data further suggest that
clinician feedback may be important for participants to
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realize their performance gains, particularly in LSVT
LOUD therapy.

Limitations and Future Directions

There are several important limitations to consider.
First, this study assigned a small sample of patients with
mild-to-moderate hypophonia to each intervention group.
Therefore, the results cannot be generalized to a broader
clinical population with presentation of more severe voice
symptoms. Second, baseline vocal intensity was established
in a single session. Given the daily motor and nonmotor
fluctuations associated with PD, future studies may con-
sider using an extended baseline period. Third, despite
matching the groups for hypophonia severity level based on
auditory perceptual characteristics, significant differences in
vocal intensity were observed for the clinical controls and
LSVT LOUD participants. While the effect of hypophonia
severity on treatment outcomes was mitigated by the use of
a within-subject design, future studies may consider the use
of a quantitative metric to establish hypophonia severity or
assign subjective ratings of hypophonia by consensus. Fur-
thermore, while this study used SPL to index a treatment
effect, future studies may consider exploring individual sub-
jects’ ratings of effort in relation to the magnitude of their
SPL adjustment. Lastly, given that patients with PD show
marked heterogeneity in their clinical phenotype, a more
robust participant sample would further elucidate individ-
ual responses to intervention fatigue.

While this study demonstrates that persons with PD
report increased levels of demand during voice interven-
tion, their ratings of physical and mental demand may be
influenced by general health factors, unrelated to the
assigned invention program. For example, physical fatigue
can be exacerbated by a person’s level of physical condi-
tioning and pharmacological regime, and mental fatigue
can be exacerbated by clinical depression and/or sleep dis-
turbances, both of which are common in PD. Further-
more, due to the attentional resource allocation issues
associated with PD, future directions should explore the
potential cognitive burden related to the use of naturalistic
external cues like Lombard-elicited speech and internal
cueing models. In fostering a better understanding of how
cognitive status relates to treatment outcomes, clinicians
can better tailor their therapy approach. It should also be
noted that the LSVT LOUD participants’ daily ratings of
effort and performance were recorded in the therapy room
for the first 4 weeks of therapy. As a result, the therapy
environment and materials may have served as an external
cue, which limits the generalization of the findings to every-
day speech. Lastly, this study examined patient perceptions
of physical demand, but it is not clear how this metric cor-
relates with perception of vocal effort. The authors postu-
late that as ratings of physical effort increase, vocal effort is
1974 American Journal of Speech-Language Pathology • Vol. 31 • 19
also likely to increase, but the two variables may not follow
a linear relationship.

While this study offers the first exploratory examina-
tion of treatment burden on mental and physical con-
structs of fatigue in persons with PD, many questions
remain unanswered. Future research should seek to exam-
ine the threshold of treatment burden that has bearing on
voice intervention outcomes, the long-term course of treat-
ment fatigue, and the degree to which the constructs of
mental and physical fatigue are influenced by general ver-
sus disease-specific variables. While prior research on per-
sons with multiple sclerosis have reported no significant
correlation between disease duration and scores on the
Fatigue Rating Scale (H. Ford et al., 1998), such disease-
related factors should be systematically examined in per-
sons with PD. Future work should also explore the poten-
tial association between cognitive status and perception of
mental effort in a larger clinical cohort.
Conclusions

In understanding the physical and psychological
sequela of our voice intervention approaches, clinicians
can be responsive and adaptive in their therapy approach
to maximize clinical outcomes and patient adherence to
the therapeutic process. Integrating supportive strategies
into routine voice care may help patients to overcome
treatment burden. These strategies may include cognitive
restructuring (recognizing treatment burden), emotion-
focus coping strategies (e.g., positive thinking), and
problem-based strategies (e.g., routines, planning). The use
of supportive strategies to combat treatment burden
requires systematic examination, but may prove beneficial.
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