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Abstract

Background: Up to 75% of patients with Parkinson disease (PD) experience voice and speech impairments, such as breathy
phonation and low speech volume, which worsen over time and negatively impact the quality of life. However, given their
increasingly limited mobility, face-to-face speech therapy is often inaccessible. Mobile health (mHealth) apps offer accessible
and cost-effective alternatives; yet, their application in PD-specific, self-delivered voice therapy remains underexplored.

Objective: Thisstudy aimed to evaluate the feasibility, adherence, and satisfaction of a self-delivered smartphone app for voice
therapy in patientswith PD, designed to minimize speech-language pathol ogi st involvement while promoting pati ent independence.
In addition, it seeksto assess the preliminary therapeutic effectiveness of the app in addressing voice and speech problemsin this
population.

Methods: A single-arm, rater-blinded, and pretest and posttest study was conducted between September to November 2023.
Patientswith PD with voice and speech problemswho have no problem with using Android (Google) smartphoneswere recruited.
Participants downl oaded the researcher-devel oped mHeal th app on their smartphone and participated in a patient-tail ored 5-week
home-based speech training program. Each session included 5 stages: breathing, oral motor exercises, loudness, prosody, and
functional speaking. The training program consisted of 20 sessions, with participants completing 1 session per day, 4 days per
week. Each session lasted approximately 20-30 minutes. Adherence was monitored through app logs, satisfaction was assessed
through a phone survey, and therapeuti ¢ effectiveness was eval uated using acoustic analysis and auditory-perceptual assessments.

Results: Out of 30 patients were initially recruited, but 2 of them withdrew. Out of 25 participants completed all the training
sessions while 3 dropped out. The adherence was above 90% in 20 participants (80%, 20/25), 70% to 90% in 4 (16%, 4/25), and
below 70% in 4 (16%, 4/25). Satisfaction was 75% (18/24) among the 24 people who participated in the survey. Significant
improvements were observed in all acoustic measures: the maximum phonation time increased from 11.15 (SD 5.38) secondsto
14.01 (SD 5.64) seconds (P=.003), and vocal intensity increased from 71.59 (SD 4.39) dB to 73.81 (SD 3.48) dB (P<.001) across
both sustained phonation and reading tasks. Voice quality scores on the GRBAS (grade, roughness, breathiness, asthenia, and
strain) scale improved significantly (all components P<.001). Furthermore, 58.3% (14/24) of participants reported subjective
improvementsin their voice.

Conclusions:  This study demonstrates that home-based, self-training speech therapy delivered through a mHealth app is a
feasible solution for patients with PD, suggesting that mHealth apps can serve as a convenient and effective alternative to
face-to-face therapy by enhancing accessibility and empowering patients to actively manage their condition.

https://www.jmir.org/2025/1/e63166 JMed Internet Res 2025 | vol. 27 | e63166 | p. 1
(page number not for citation purposes)



JOURNAL OF MEDICAL INTERNET RESEARCH

(J Med Internet Res 2025;27:€63166) doi: 10.2196/63166

Leeetd

KEYWORDS

Parkinson disease; speech therapy; mHealth; home-based training; self-delivered; digital health care; app; feasibility; voice
therapy; mobile phone; satisfaction; effectiveness; smartphone; apps; single-arm study; mobility; mobile health; acoustic analysis;

self-training

Introduction

During the progression of patientswith Parkinson disease (PD),
around 75% of patients experience difficulties with their voice
and speech functions at some stage [1]. The main characteristics
of speech include breathy phonation, hoarseness, low speech
volume, inaccurate articul ation, and monotonous speech. These
symptoms worsen over time. Consequently, these symptoms
can significantly impact the quality of life, affecting physical,
emotional, functional, and social well-being [2]. They aso
hinder communication, daily activities, and social participation.
Therefore, rehabilitation is essential for individuals with PD,
with speech therapy being particularly important as it helps
patients maintain and improve their communication abilitiesin
everyday life [3]. Traditionally, speech therapy involves
in-person sessions with a speech-language pathologist (SLP).
However, the global COVID-19 pandemic disrupted traditional
service delivery models, leading to increased interest in remote
rehabilitation and mobile health care technologies as viable
alternatives. In addition, the rising demand for rehabilitation
due to an aging population, coupled with limited health care
resources, further highlights the need to adopt and expand
information and communication technology [4].

A review of previous studies has confirmed the feasibility of
remote speech-language therapy (SLT) across various disability
groups. According to Weidner and Lowman [5], remote SLT
is primarily conducted in real-time using commercial software
such as Skype (Skype Technologies) and Zoom (Zoom Video
Communications), or through custom-developed software
installed on computers or tablets. While most remote SLT
initiatives have focused on patients with chronic aphasia, some
have targeted individuals with PD. Many existing studies have
concentrated on delivering the L ee Silverman Voice Treatment
LOUD or itsextended versions, which are proven to be effective
for addressing speech and voice issues in patients with PD,
through remote platforms [6-9]. Research on remote SLT for
patients with PD has shown that it is just as effective as
in-person therapy, with no significant reduction in efficacy
[6-10]. Meanwhile, mobile health (mHealth) apps, developed
to support users in managing their health independently, have
advanced considerably. According to the World Health
Organization, mHealth isabroad term encompassing activities
that involve the use of smartphones, sensors, personal digital
assistants, wireless monitoring devices, or other wireless
technologies to deliver public health and health care services
[11]. These technologies hold promises for promoting
autonomous patient participation in treatment, thus maintaining
continuity of care while offering benefits in terms of
accessibility and cost [12,13].

To date, most mHealth have been designed and studied with a
focus on health outcomes such as nutrition and physical activity,
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mental health management, and diabetes care, primarily
targeting populations with chronic conditions, mental health
issues, or obesity [14]. Recently, some evidence has emerged
supporting the use of mHealth for home-based SLT across
various patient groups with speech and language disorders
including children with articulation disorders, poststroke
aphasia, presbyphonia, and voice disorders associated with PD
[15-19].

mHealth apps designed for patientswith PD have mostly focused
on symptom monitoring and providing information or education
[20]. Researchin thisareahas mainly addressed specific aspects
of care, such as symptom management, medication adherence,
physical activity, and exercise interventions [20-22].

However, very few studies have explored the use of mHealth
apps for delivering speech therapy to patients with PD. Maas
et a [23] proposed a study protocol for a single-blind
randomized controlled trial using the Voice Trainer app and an
online platform that provides real-time feedback, enabling
patientsto practice at home alongside remote therapy. The study
aimed to eval uate the effectiveness of personalized, home-based
speech therapy on quality of life, speech inteligibility, and
social participation in individuals with PD who have reduced
speech intelligibility. However, no follow-up research has been
published to date. Lo et al [18] devel oped a speech rehabilitation
app specifically for patientswith PD and validated its usability
with 2 participants, reporting improvementsin articul ation and
volume after short-term use. Horin et al [19] investigated the
utility of a mHealth app designed for the comprehensive
treatment of PD symptoms, including gait, dexterity, and speech,
and concluded that the application alone was insufficient to
effectively address gait, speech, or dexterity symptomsin PD.

While the use of mHealth apps for speech therapy in patients
with PD is dtill in its early stages, there is potential for
significant advancement through ongoing research and
technological development. mHesalth offers great benefits in
terms of accessibility and cost, especially for patients with PD
who gradually experience reduced mobhility, as it allows them
to access therapy from anywhere with amobile device [24-26].
Furthermore, it provides patients with the opportunity to practice
independently without time constraints, and it can automatically
measure, collect, and store data, thereby reducing the workload
for clinicians.

Thisstudy aimsto evaluate the feasibility of using asmartphone
app to provide self-delivered voice therapy for patientswith PD
with minimal involvement from SLPs. It also seeks to explore
patient satisfaction with the app and its potential effectiveness
as atherapeutic tool.
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Methods

Participants and Recruitment Procedures

Participantswere recruited from the Movement Disorders Clinic
of the Department of Neurology at Seoul National University
Hospital, Seoul, South Korea from September to November
2023. Recruitment was conducted through clinical referrals by
neurol ogists during routine outpatient visits. When neurol ogists
identified patientswho presented with speech or voice problems,
they referred them to the SLPs for further evaluation. The
referrals were based on the neurologists clinical judgment at
the clinic. Once referred, SLPs independently conducted
auditory-perceptual evaluations to confirm the presence of
speech and voice issues. The inclusion criteria which were (1)
patients with PD reporting voice problems and speech
difficulties with these issues confirmed by both SLPs through
auditory-perceptua evaluation; each SLP having over 5 years
of clinical experience, independently verified the presence of
voice problems in al patients; (2) Android smartphone users
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without visual or auditory difficultiesin using apps; and (3) not
having laryngea dysfunctions caused by other diseases.
Exclusion criteria which were (1) being illiterate, (2) having a
recent (<6 months) history of speech therapy, (3) difficulty in
operating asmartphone due to cognitive and motor dysfunction,
and (4) having limited access to the internet at home.

Study Design

Thisstudy isasingle-arm, rater-blinded, and pretest and posttest
designto evaluate the feasibility and, satisfaction of an mHealth
program among individuals with PD. The preiminary
effectiveness of the app was also assessed.

mHealth App and Training Program

We devel oped an Android-based smartphone app for voice and
speech training (Figure 1). The app consists of apatient’sdevice
(petient’s own smartphone), a server, and a SLP's terminal
(laptop or desktop computer). All the content for patient
evaluation and training, which was developed by the SLPs, is
stored on the server.

Figurel. A simplified overview of the composition of the mobile health (mHealth) app used for voice and speech training in Parkinson disease patients.

The app comprises 3 main components. SLP: speech-language pathologist.

Patient’s device Sever
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* Installed mHealth app *  Activity log

* Recording files ’

Partici pants downl oaded the mHeal th app onto their smartphones
at the hospital. Afterward, they were invited to complete a
5-week home-based training program following the registration
and user approval process for participation. The SLPs ensured
that the installed app was functioning correctly and educated
the participants on how to use it. The server transmitted the
content to the devices of approved participants. This content
was designed with a user-friendly interface and experience. A
sufficiently large font size was used to accommodate ol der users,
and the size and spacing of the buttons were appropriately
adjusted to consider motor symptoms such as hand tremors. In
addition, if the participants have used a smartphone before, the
design was made simple and intuitive enough for them to operate
without difficulty. This is because the goal was for patients to
use the app independently for evaluation and training during
the study, without assistance from clinicians, including SLPs,
or caregivers.
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All speeches practiced in the session were recorded. The
recorded files and the associated activity logs are all stored on
the server. The SLP's termina is designed for monitoring the
entire process, alowing the SLP to check each participant’s
start and end dates of training, their individual training content,
and the analysis of the recorded speeches within the training.
SLPs did not interact with the patient or server in real time
during evaluation or training.

Based on theresults of the self-administered baseline eval uation
(refer below), each participant was assigned to one of 3 different
types of training: loudness-focused, breathing-focused, and
prosody-focused training. Each training type is designed to
include a variety of tasks that target the specific focused area
more effectively. The training content comprised 5 stages:
breathing, oral motor exercises, loudness, prosody, and speaking
(Figure 2). The breathing stage addresses the energy source for
speech. PD patients often experience weak or shallow breathing,
which can reduce speech volume and stamina. Strengthening
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respiratory musclesimproves airflow, enabling clearer and more
sustained speech [27]. Oral motor exercises target the strength
and agility of ora muscles, which are often reduced in PD,
leading to unclear speech and difficulty swallowing.
Strengthening these muscles enhances articul ation and supports
swallowing function [28]. Loudness training focuses on
hypophonia, or reduced speech volume, which is common in
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PD. Loudness exercises retrain patients to use stronger vocal
effort, helping them communicate more effectively in daily
conversations[29]. Prosody training hel ps address the monotone
voice often seen in PD, which can make speech sound flat and
less engaging. Prosody exercises enhance speech expressiveness,
allowing patients to convey meaning more effectively [30].

Figure 2. Contents and structure of the 5-week speech training program for participants with Parkinson disease patients using the mHealth app.

Types of training

Training content

* Assigned to one of three options

[ Breathing ]
= ¢ Loudness-focused = ¥
[ Oral motor exercises ]
v
Baseline evaluation * Breathing-focused [ Loudness ] Postevaluation
¥
[ Prosody ]
e * Prosody-focused v
[ Speaking ]
Examples of tasks in the training content
Breathing Practice slow inhaling and exhaling
Oral motor Neck stretching, Gentle laryngeal massage, Smiling
exercises
Loudness Producing a loud, sustained /a/ sound, Producing a loud, short /a/ sound
Prosody Singing, Gliding /a/ phonation
Speaking Reading functional phrases or short sentences commonly used in daily life

Finally, functional speaking practice supports patients in
initiating and maintaining fluid conversations. This stage builds
confidence, improves speech flow, and integrates the skills
learned in breathing, loudness, and prosody exercises[31].

This 5-week home-based training program consists of a total
of 20 sessions, each lasting approximately 20 minutes to 30
minutes. Participants were instructed to use the app at least 4
days a week, one session a day. To minimize attrition, SLPs
monitored the participant’s daily use of the app using the
dashboard equipped in the SLPs' terminal. If necessary, SLPs
called the patients to encourage training. The app a so includes
apop-up aarm to remind users of each day’s training.

Measuring Adherence, Satisfaction, and Effectiveness

To verify adherence, we created awebpage for SL Psto monitor
the participants’ completion of app training sessionsin real-time.
The overal adherence was calculated by dividing the number
of training sessions completed by the total number of sessions
prescribed [8]. The number of participants who withdrew from
the study was also identified.

The Satisfaction survey was conducted by phone within aweek
of either completing or discontinuing the app’s use. Their
satisfaction levels were gauged using a 5-point Likert scale

https://www.jmir.org/2025/1/e63166

anchored by “very satisfied” (5) to “very dissatisfied” (1),
aiming to derive the Customer Satisfaction (CSAT) score. The
CSAT score is calculated by dividing the number of positive
responses (those who are rated 4 or 5) by the total number of
responses.

To assess the eff ectiveness, we conducted both acoustic analysis
and auditory perceptual assessments at baseline and at the
completion of app use. The tasksincluded sustained phonation
of the vowel /a/, reading 3 short sentences, and reading a
28-word passage from aKorean standardized “ Ga-eul” passage.
All tasks were recorded using the built-in microphone of each
participant's smartphone and were stored on the server. During
the recording, participants were instructed to sit upright and
remain till, maintaining a distance of approximately 30 cm
between their mouths and the smartphone microphone.

The acoustic analysis was conducted using Praat (University
of Amsterdam) software (version 6.4.04) embedded in the app.
Theanalysisincluded the maximum phonation time of the vowel
/al and the mean vocal intensity (including pauses) for each
task, measured in sound pressure level decibel.

The auditory perceptual assessment was performed on all tasks
using the GRBAS scale, which is widely used to assess the
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severity of voice quality. It contains grade (G), which is the
overall degree of hoarseness, roughness (R), breathiness (B),
asthenia (A), and strain (S). Out of 2 experienced SLPs, each
with over 10 yearsof clinical experience, conducted the ratings
on a 4-point Likert scale from O (hormal) to 3 (severe). The
baseline and posttraining evaluation voice files pair were
provided in random order in WAV (Waveform audio format)
without any identifying information about the order.
Furthermore, participants who completed all app usage were
asked, during aphone survey, to self-report any changesin their
overall voice quality after the training.

Statistical Analysis

Data were analyzed using SPSS (version 29.0; IBM Corp) for
Windows. Frequency analysis was conducted to examine
adherence, satisfaction, and self-reported voice quality changes.
Paired samplet testswere conducted to determineif there were
significant changes in the maximum phonation time during
sustained phonation of the vowel /a/ before and after app usage,
aswell asto assessfor significant changesin vocal intensity in
al tasks. These tests were chosen to compare pre- and
postintervention measures for the same participants. The
normality of the data was tested using the Shapiro-Wilk test.
The results indicated that intensity scores were normally
distributed with a P value of P=.34. Based on this, we chose
parametric tests for subsequent analysis. To anayze the
reliability of the average agreement rate between evaluatorsfor
the auditory perceptual assessment of GRBA S scores, intraclass
correlation coefficients (ICCs) were calculated.

Ethical Considerations

This study was approved by the Seoul National University
Hospital Ethics Committee  (H-2308-040-1456 and
H-2401-010-1499). The research adhered to the principles
outlined in the Declaration of Helsinki, and all procedureswere
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conducted in compliance with ethical standards for research
involving human participants. All participants provided informed
written consent before their participation. They wereinformed
about the study’s purpose, procedures, voluntary nature, and
their right to withdraw at any time without conseguences. The
consent process ensured participants understood that their data
would be used for research purposes and protected under the
approved ethical guidelines. Data were securely stored on an
encrypted server accessible only to authorized research
personnel. Participants were not monetarily compensated for
their participation.

Results

Participants Characteristicsand Adherence

Thirty patientswith PD wereinitially recruited, but 2 withdrew
due to health problems not related to PD. A total of 28 patients
with PD participated in the study and used the app. Participant
characteristics are summarized in Table 1. Details regarding
participant recruitment are provided in Multimedia Appendix
1. Based on the results of baseline evaluation, 20 were assigned
to the loudness-focused training program and the remaining 8
participated in the breathing-focused training program. None
were assigned to the prosody-focused training program. Out of
25 participants (15 male, 10 female; mean age 68.04, SD 7.81
years, mean diseaseduration 7.32, SD 4.78 years, Hand Y scale
ranged from 1 to 4, mean 2.39, SD 0.88) completed all the
training sessions while 3 dropped out. One participant could
not be reached and the other 2 dropped out dueto (1) problems
with theinternet connection and (2) being too busy, respectively.
They completed only 12, 3, and 4 sessions respectively.

The adherence was above 90% of 20 participants, 70-90% in
4, and below 70% in 4 (Figure 3A).

Table 1. Demographic and clinical characteristics of the participants with Parkinson disease (N=28), recruited from the Movement Disorders Clinic,
Seoul National University Hospital, Seoul, South Korea, between September and November 2023.

Subgroup

Value

Age (years), mean (SD; range)
Sex, n (%)
Mae
Female
Disease duration (years), mean (SD; range)

H and Y scale score (mean 2.39, SD 0.88, median 2, IQR 2-3), n (%)
1
2
3
4
Type of training program, n (%)
L oudness-focused

Breathing-focused
Prosody-focused

67.5(8.16; 51-81)

17 (60.7)
11(39.3)
7.54 (4.73; 1-19)

3(10.7)
15 (53.6)
6(21.4)
4(14.3)

20 (71.4)
8(28.6)
0(0)
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Figure 3. Adherence, satisfaction, and self-reported voice changes among participants using the mobile health (mHealth) app for voice and speech
training. (A) Adherence: The percentage of participants who completed the 5-week training program (20 sessions) using the mHealth app. (B) Participant
satisfaction: Using a 5-point Likert scale. (C) The self-report of changing voice: Participants' subjective assessments of whether their voice improved,
stayed the same, worsened, or if they were not sure after completing the training program.
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After using the app, 24 participants took part in the survey on
satisfaction (Figure 3B). Out of 11 (45.83%) responded “very
satisfied,” 7 (29.17%) “moderately satisfied,” 6 (25%) “neither”
and none answered, “moderately dissatisfied” or “very
dissatisfied.” The CSAT score was 75%. Most were satisfied
with the convenience of being able to practice at their own
home, citing it as the primary reason. None reported any
technical difficulties.
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Effectiveness

Acoustic analysis and perceptual assessment results are
presented in Table 2. Significant differences were observed in
all acoustic measurements (P<.05). Significant differences in
voice quality in al components of the GRBAS scale were
observed before and after using the app. The inter-rater
reliability between the 2 raters was fair too good (1CC=0.440).
Among the 24 who took part in the survey (Figure 3C), 14
(58.33%) reported their voice “getting better,” 9 (37.50%)
reported “no change,” 1 (4.17%) reported being “unsure,” and
none reported “ getting worse.”
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Table2. Pre- and postintervention changesin maximum phonation time (MPT), vocal intensity, and GRBA S? scale scoresin participantswith Parkinson

disease (N=25).
Variable Before After t test (df) or z score P value
MPT (seconds) 11.15 (5.38) 14.01 (5.64) -3.273 (24) .003
Vocal intensity, mean (SD)
Sustained phonation (dB) 72.32 (5.04) 75.67 (3.75) —4.761 (24) <.001
Reading short sentences (dB) 72.59 (4.09) 74.04 (4.08) -3.164 (24) .004
Reading “Gareul” passage (dB) 69.64 (4.55) 71.59 (3.61) —3.546 (23) .002
All tasks (dB) 71.59 (4.39) 73.81(3.48) —4.462 (24) <.001
Variable (GRBAS scale score)
Grade 1(2) 1(2) -4.601 <.001
Roughness 0(2) 0(2) -3.804 <.001
Breathiness 1(2 0(1) -5.959 <.001
Asthenia 0(1) 0(0) -6.130 <.001
Strain 0(2) 0(1) -3.930 <.001

4GRBAS: grade, roughness, breathiness, asthenia, and strain.

Discussion

Principal Findings

Theaim of this study wasto investigate the feasibility of patients
with PD independently performing voice and speech training
at home using a smartphone app as an alternative to traditional
face-to-face therapy. The study involved SLPsin developing a
mHealth app based on speech training content commonly used
on patients with PD, and evaluated patients adherence to
treatment schedules, satisfaction with app-based therapy, and
treatment effectiveness.

Our study indicates that speech therapy delivered through an
mHealth app isafeasible solution for patients with PD. A total
of 20 out of 25 participants who completed the app showed an
adherence rate of over 90%. Given that dropout rates in fields
requiring various health behavior changes reach 30%-60%, an
adherencerate of over 90% can be considered sufficiently high
and indicative of successful adherence[32]. Itistypically stated
that an adherence rate of over 80% is necessary for optimal
therapeutic efficacy, and our study has achieved this.

About 75% of participants were satisfied with the app use and
improvements in voice and speech were observed both in
objective and subjective evaluations. This is similar to the
satisfaction rate (70%) of an internet-based telerehabilitation
application for speech therapy [33] and isalso comparableto a
study reporting satisfaction rate of 82.6% with the smartphone
app for people with aphasia[34].

Another notable point is that positive results were obtained for
both objective and subjective ratings for voice. It is generally
known that acoustic assessments highly correlate with SLP's
auditory perceptual ratings but have a low correlation with
patient subjective assessments[35,36]. Thisindicatesthat there
is a discrepancy between the degree of voice impairment
assessed by the assessor and by the patients. The consistency
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in our results among 3 methods of evaluation indicates the
robustness of effectiveness.

The advancement of mobile and electronic technologies has
increased interest in non—face-to-face therapy, which has been
further accelerated by the COVID-19 pandemic. This can help
address medica accessibility issues. If non—face-to-face methods
are proven to be as usable and effective as face-to-face therapy,
they will be amore convenient way to receive medical services.
Previous studies have confirmed itsfeasibility and effectiveness
in various rehabilitation fields, such as speech, motor, and
cognition[10,37,38]. In addition, the benefits of onlinetreatment
reported include time and cost savings and reduced caregiver
burden. Along with these benefits, akey advantage of mHealth
apps is that they enable patients to take an active role in
managing their condition. Previous studies indicate that the
integration of mHealth technology into therapy is an optimized
clinical pathway for patients[6]. Although the number of studies
is limited compared to rea-time teletherapy provided by
therapists, there are a few that have confirmed the usefulness
and effectiveness of app-based therapies [15,17,18,39]. These
include reports of significant improvements in pronunciation
and speech volume in people with PD who received speech
therapy using homegrown software [18]. Thisfindingisinline
with our results and illustrates the potential of the mHealth app
as afeasible approach to speech rehabilitation.

In contrast to the high adherence in our study, a previous study
investigating the usability of an mHealth app developed to
address walking, speech, and dexterity symptoms in patients
with PD reported low adherence and effectiveness [19]. The
adherence to speech exercises was 66.8% (SD 26.5%). In the
study, participants in the intervention group were instructed to
independently complete exercises using the provided mHealth
app on their persona smartphones once aday for approximately
90 days. This app required practicing various areas such as
mobility exercises in addition to speech, and it took about 30
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minutes to complete all sessions. This may have placed a
physical and mental burden on the users.

In addition, considering that appropriate feedback and
interaction with therapists generally impact the adherence and
effectiveness of therapy, the extent to which sufficient feedback
was automatically provided within the app may have also
influenced these outcomes. In our app, not only doesit provide
reminder functions through pop-up alarms, but it aso provides
different feedback each time whenever the patient performs a
task (eg, “ Good job! Squeeze your abdomen and speak louder!”).
Such feedback may have positively influenced the patient’s
continued use. Furthermore, over 50% of the participantsin the
previous study experienced technological issues with the app,
which may have interfered with the outcomes. In our app, we
tried to create a user interface older adults friendly as much as
possible and to ensure the seamless operation of the app. Asa
result, there were no reports of technical issues, and this also
could have affected adherence, effectiveness, and satisfaction.

Limitations and Future Directions

However, our study has severa limitations. Because the primary
aim of this study was to evaluate the feasibility and it was an
uncontrolled study, the effectiveness observed in our study
should beinterpreted with caution. Larger randomized controlled
trials are needed to provide more robust results on effectiveness.
In addition, consideration of factorsthat may affect the usability
of the mHealth app, such as disease severity and digital literacy
[40] of patients from the recruitment stage, would be useful to
evaluate the potential for introducing this app to a broader
population of individuals with PD.

Second, we were unable to conduct functional assessments to
determine whether participants’ voice issues improved in
real-life communication situations. While the Voice-Related
Quality of Life tool does not directly measure improvements
in voice use during real-life situations, it provides valuable
insights into how patients perceive the impact of their voice
disorder on their quality of life. Studies have demonstrated that
after face-to-face speech therapy, such as the Lee Silverman
Voice Treatment or the Speak Out Voice program, patients
exhibit improved Voice-Related Quality of Life scores[41,42].

Using the Dysarthria Impact Questionnaire to evaluate the
psychosocia effects of dysarthriacould al so provide meaningful
insights [43]. In addition, assessing effectiveness using data
collected from naturalistic environments, such as real-life
conversational settings, could yield more reliable results.
Including evaluations from primary caregivers to determine
whether patients’ speech problemshaveimproved would provide
a more objective perspective. Patients with PD often face
challenges with self-monitoring due to the nature of the disease,
making patient-reported improvements insufficient [44].
Therefore, evaluations should integrate diverse perspectives
and methodologies.

Third, our study encountered difficultiesin achieving consistent
calibration across all participants devices. The variations in
smartphone models and built-in microphone sensitivities
presented challenges in standardizing intensity calibration.
According to Park and Lee [45], differences in microphone
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characteristics among smartphone models can lead to
discrepancies in recording and analysis, with omnidirectional
microphones, in particular, being more susceptible to ambient
noise. They suggested that using a unidirectional wired lapel
microphone could offer more consistent recording quality.
Consequently, we recommended that participants maintain a
specific distance from the microphone and minimize background
noise, providing tutorial videos within the app to facilitate
consistent recording practices. However, hardware differences
among devices may dtill impact the consistency of intensity
measurements. This suggests that future research may benefit
from implementing additional calibration methods to improve
measurement reliability.

Fourth, while this app was designed as a tool to substitute
face-to-face therapy, it currently faces limitations due to its
inability to fully replicate the real-time feedback and
personalized adjustments provided during in-person therapy.
To overcome these challenges, future research should focus on
improving the app’s functionality and design.

Specifically, integrating customized feedback mechanisms and
improved monitoring systemsis crucial. Without these features,
participants may risk developing vocal abuse by
overcompensating with improper techniques. Continuous
monitoring can help identify and resolve any discomfort or
tension early, ensuring the app’s safety and effectiveness. These
improvements could help bridge the gap between app-based
therapy and face-to-face therapy. In this process, it is also
important to investigate the app’s impact on the overall quality
of life of patients with PD compared to traditional in-person
therapy. Widely used tools such as the World Health
Organization Quality of Life Questionnaire or Parkinson Disease
Questionnaire-39 can be used for this purpose [46].

In addition, understanding theimpact of self-managed mHealth
apps on caregiver burden, particularly from the perspective of
primary caregivers, isan important research topic. If such apps
enable patients to manage themselves more effectively, they
could reduce the caregiving burden, alleviating stressand fatigue
for caregivers. This would not only enhance the quality of life
for caregivers but could also have a positive impact on the
patient-caregiver relationship. Therefore, such analyses are
crucia for evaluating whether the app provides meaningful
benefits for both patients and their caregivers.

Finally, future research could consider longitudinal studies to
evaluate the long-term effects and sustainability of mHealth
apps. Patient adherence is crucial for treatment effectiveness
and improvement in their health status. Nevertheless, most
existing studies have short durations, limiting research on factors
affecting mHealth app adherence [47]. Tracking changesin user
adherence over extended periods could help develop user
retention strategies. Furthermore, the accumulated data could
be used to analyze user behavior patterns and devel op predictive
models.

Conclusions

Despite the small sample size of this study, this study supports
the feasibility of self-delivered speech therapy at home for
patients with PD. Especially considering the age of the
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participants, the mHealth app we developed isnot only suitable  for older users but also proves to be satisfying for them.
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