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ABSTRACT 
Background: Technology-assisted home programs offer a promising 
approach to expanding access to rehabilitation, but may be limited by 
low patient compliance. Music-based therapy has been shown to 
enhance motivation and support holistic stroke recovery. Integrating 
music into technology-assisted home programs may improve adherence 
and amplify therapeutic benefits. To better understand how technology-
assisted music-based therapy supports stroke recovery, it is important to 
identify features that promote high compliance and positive outcomes. 
 

Aim: This pilot study examined the impact of accompaniment music on 
home rehabilitation compliance and motor performance during app-
assisted music-based therapy in stroke survivors. 
 

Methods: Six community-dwelling adults with chronic stroke completed 
a 2-week, within-subject study using KeyStroke, a stroke-specific music-
based therapy app designed for self-directed upper extremity home 
exercise. Participants practiced piano-based song exercises under two 
alternating conditions: Music Mode (with accompaniment music) and 
Non-Music Mode (without accompaniment music). Two outcomes were 
analyzed: (1) total engagement time, measuring app usage as a proxy for 
home rehabilitation compliance, and (2) mean absolute delta time, 
assessing timing accuracy as an indicator of motor performance. Data 
were further categorized by the hand-use requirements of each song: 
more-affected hand only, less-affected hand only, and bimanual practice. 
 

Results: Participants used the app for an average of ~30 minutes per day, 
4-5 days per week over two weeks (4.51 ± 3.67 total hours), with an 
average total of ~14,000 keypresses. Total engagement times were 
higher in Music Mode than in Non-Music Mode across categories, with a 
particularly consistent result across participants for songs targeting the 
more-affected hand. Mean absolute delta times were also consistently 
better in Music Mode across all song categories. Notably, the training 
elicited a high volume of repetitions (~1,555 keypresses within 30 
minutes), exceeding typical levels seen in outpatient clinics and 
approaching thresholds believed to promote neuroplasticity. 
 

Conclusion: App-assisted music-based therapy with accompaniment 
music may support higher training compliance and improve motor 
performance in stroke rehabilitation. Background music may engage 
feedforward motor planning and enrich the rehabilitation experience. 
Although findings are preliminary due to the small, heterogeneous 
sample, they offer promising direction for future studies and app 
refinements targeting upper extremity recovery post-stroke.  
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Introduction 
Stroke is one of the primary causes leading to 
significant long-term disabilities.1 To allow stroke 
survivors to sustain independence and to age-in-
place, advanced healthcare services and rehabilitation 
therapies are needed. However, these services 
commonly come at a high cost and are limited to 
individuals without financial and insurance 
constraints.2-4 Limited access to healthcare services has 
been shown to be associated with poor health 
outcomes.3,4 Although clinical trials have 
demonstrated that a large dosage of rehabilitation 
exercises can lead to better stroke recovery5,6, 
stroke survivors still generally receive inadequate 
rehabilitation assistance during the recovery process7,8.  
 

To increase rehabilitation access and dosage for 
stroke survivors, home exercise or home rehabilitation 
programs are possible strategies to optimize 
stroke recovery.9,10 Specifically, technology-assisted 
home rehabilitation programs, such as app-
assisted home exercises or telerehabilitation, have 
been shown to effectively improve motor 
functions, independence, and quality of life in 
stroke survivors.10-12 The potential low cost due to 
no transportation burden and the flexibility in 
terms of time and location enhance the 
advantages and benefits of technology-assisted 
home rehabilitation for individuals with stroke.10-12 
 

One of the biggest challenges of home exercise 
programs is patient compliance.9,12 Because of no 
direct guidance and side-by-side monitoring from 
therapists, home training sessions often require a 
high level of self-discipline and motivation. Stroke 
survivors need to adhere to a regimen which 
require strong willpower, even when the home 
exercises are difficult or when they feel tempted to 
give up. Therefore, motivating and engaging 
patients in rehabilitation exercises in the home 
environment remains challenging, especially after 
an extended period.9,12  
 

To address rehabilitation adherence and enhance 
compliance with technology-assisted home 
rehabilitation programs, music can offer an 
effective approach. Listening and playing music 
has been shown to provide psychological and 
mental health benefits, including increased 
motivation and engagement.13-16 A recent 
systematic review reported that 85% of the 
reviewed seventy-nine studies indicated increased 

motivation with music compared to no music, and 
90% of these articles also demonstrated improved 
clinical outcomes.14  
 

Recently, researchers have explored the benefits of 
music-based therapy (MBT) in stroke rehabilitation.17,18 
Systematic reviews and meta-analyses of clinical 
trials have emphasized its holistic effects on motor 
function and psychological well-being in stroke 
survivors, especially for those who undergo MBT 
training involving active musical instrument 
playing.19,20 We propose that the integration of 
technology-assisted MBT can further provide in-
home rehabilitation services to support and 
empower individuals with stroke, helping them 
receive the rehabilitation training they need and 
improve or maintain their ability to live independently.  
 

Previously, our team completed a pilot study 
(N=10) examining the feasibility of using a 
commercial mobile app to deliver a 3-week MBT 
program to stroke survivors at home.21 Our stroke 
participants reported high motivation (e.g., interest 
in extending training time), good compliance (i.e., 
no noteworthy decline in usage and an average 
app use time of approximately 33 minutes per day, 
4-5 days per week), and positive motor outcomes 
(e.g., better finger dexterity) after training. The 
commercial app (Yousician, https://yousician.com) 
provides multi-sensory stimulation (e.g., auditory 
feedback from played musical notes, accompaniment 
music, visual cues for timing and accuracy) and 
includes several components known to enhance 
engagement (e.g., gaming elements22). However, 
the commercial app was developed for the general 
public, without specific consideration for the 
needs of stroke survivors. To gain better insights 
related to how the app-assisted MBT supports 
stroke home rehabilitation and to facilitate the 
development of a stroke-specific MBT app, it is 
essential to identify which features led to the high 
compliance and positive outcomes observed in our 
previous study. 
 

In this current study, we aimed to understand the 
potential impacts of accompaniment music during 
app-assisted MBT in stroke recovery as a first step. 
We provided in-home MBT using a newly developed 
piano training app created by our team to address 
the specific needs of stroke survivors and to 
generate rich data to support further 
development. Stroke participants received the 

https://yousician.com/
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MBT with two different modes of training (with or 
without accompaniment music), which were 
alternated daily over a two-week period. The 
purpose of the study was to examine participants’ 
home rehabilitation compliance and motor 
performance under both modes in order to 
explore the effect of incorporating background 
music into home-based rehabilitation exercises for 
stroke survivors. Based on the benefits of music-
driven rehabilitation described above17-20, we 
hypothesized that stroke survivors would demonstrate 
higher home rehabilitation compliance (i.e., longer 
app usage time) and better motor performance 
(i.e., greater timing accuracy) in the mode with 
accompaniment music compared to the mode 
without it. 
 

Methods 
 

Participants 
Participants were enrolled if they met the following 
inclusion criteria: (1) were 18 years or older, (2) had 
experienced a chronic stroke more than 6 months 
prior, (3) had at least minimal arm and hand motor 
capacity, as measured by the Fugl-Meyer Upper 
Extremity Assessment (FM, total motor score ≥ 
20),23,24 (4) were community-dwelling, (5) were able 
to read and communicate in English, and (6) were 
capable of learning and using the mobile app after 
instruction.  
 

Participants were excluded if they had: (a) severe 
spasticity in elbow flexors, forearm supinators, 
wrist flexors, and digit flexors, as measured by 
Modified Ashworth Scale (MAS, score > 3 in each 
muscle group)25 to the extent that they cannot be 
properly positioned for piano playing, (b) unilateral 
spatial neglect, as screened by Albert’s Test,26 (c) 
impaired trunk balance that prevents them from 
maintaining a seated position, and (d) any active 
medical or neurological condition that would 
interfere with participation. 
 

Prior to enrollment, all participants reviewed and 
signed an informed consent form according to the 
standard procedures of the Georgia State 
University Institutional Review Board.  
 
Study Design 
The study was conducted over a two-week period 
using a within-subject design. Stroke participants 
were provided with the MBT app developed by 

our team to play music and exercise their upper 
extremities using a piano keyboard at home. Two 
home visits were conducted by members of our 
team, one before and one after the two-week 
period, for clinical assessments, equipment setup, 
and equipment return. 
 
Procedure 
During the first home visit, participants completed 
a demographic form and a battery of screening 
and outcome assessments. We provided the 
keyboard and iPad with our piano training app pre-
installed. After instruction, participants were asked 
to demonstrate their ability to use the app and 
keyboard independently. 
 

Throughout the 2-week training, participants were 
encouraged to practice with the app as much as 
possible, with a suggested goal of one hour per 
day. Participants received a study contact phone 
number for assistance with any issues. At the end 
of the training, a second home visit was conducted 
for equipment collection, outcome assessments, 
and an exit interview. 
 
Intervention (The Music-Based Therapy App) 
Our team developed an app, KeyStroke,27,28 that 
provides music-based rehabilitation exercises for 
upper extremity motor recovery. The exercise 
protocol was specifically designed for stroke 
survivors and included three training tracks 
focusing on finger, wrist, and arm movements for 
either range of motion or coordination. Each track 
included multiple difficulty levels; for example, 
exercises range from using one digit (e.g., 
individual index finger) to coordinating multiple 
digits (e.g., thumb and index finger). Within each 
difficulty level, participants were instructed to start 
with the less-affected side, followed by the more-
affected side, and then progress to bimanual 
practice. The app version used in this study contained 
38 songs: 8 for the less-affected side, 8 for the 
more-affected side, and 22 for bimanual practice. 
Each song lasted approximately one minute. 
 

Participants were instructed to follow the instructions 
presented by the app to self-initiate music playing 
and exercise at home (Figure 1a). The app includes 
adjustable settings to meet participants’ needs. 
For example, participants can follow the default 
song sequence from the easiest to the most 
difficult, but they can also select specific songs and 
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adjust song speed to match their capabilities, or 
repeatedly play preferred songs if desired.  
 
During the exercises, participants saw green 
blocks descending vertically on the screen, 
providing visual cues for timing and piano key 
selection (Figure 1b). They also heard real-time 
auditory feedback from the piano keys they 
pressed. If a key was played correctly and 
accurately (within 200 milliseconds), it lit up green 

on the iPad. If it was slightly off (between 200 and 
600 milliseconds), it lit up yellow. If pressed 
incorrectly, too early or too late (over 600 
milliseconds), it lit up red, providing real-time 
visual feedback. If an extra key was pressed, it lit 
up gray instead. At the end of each practiced song, 
a scoreboard displayed performance metrics, 
including verbal-style encouragement (e.g., 
“Good job!”) and a count of correct and missed 
key presses (Figure 1c). 

 

 
 

To explore the effects of accompaniment music on 
stroke survivors, the app alternated between two 
training modes: Music Mode and Non-Music Mode. 
In Music Mode, participants heard accompaniment 
music while performing the exercises; in Non-
Music Mode, they heard only the notes they 
played, with no background music. All other visual 
cues and feedback remained consistent across 
both modes. The modes alternated daily over the 
two-week period, with participants counterbalanced 
on their initial starting mode. 
 
Equipment  
At the first home visit, participants were provided 
with a lightweight, portable piano keyboard 
(Yamaha Piaggero NP-12, 61 keys), which has a 
slightly lighter action than a full piano keyboard to 
facilitate use. Participants also received an iPad 
with our app installed, which could be placed on 
the built-in music stand on the piano keyboard. 
 
Outcome Measures and Data Analysis 
Musical Instrument Digital Interface (MIDI) data 
were collected from the keyboard and transmitted 
to cloud storage via the app during the 2-week 
participation. Two outcome measures were derived 
from the raw MIDI data: (1) total engagement time 
and (2) mean absolute delta time. 

Total engagement time was used to quantify 
participants’ overall use of the app as an indicator 
of home rehabilitation compliance. It reflected the 
cumulative duration participants spent actively 
playing songs. For each song, engagement time 
was calculated as the interval between the start of 
each exercise song and the final keypress recorded 
for that song (i.e., engagement time = time of last 
keypress – song start time), and these values were 
summed across all songs played. Periods of app 
navigation between songs were excluded from this 
calculation.  
 

Delta time served as an index of motor control 
accuracy in timing performance. It was defined as 
the temporal deviation between the expected 
keypress time and the actual keypress time. To 
assess each participant’s mean timing accuracy, 
the absolute delta times for each note were 
calculated first (i.e., absolute delta time = | actual 
keypress time – expected keypress time |) and then 
averaged across all keypresses. Smaller mean 
absolute delta times indicated better motor timing 
accuracy, with a value of zero representing the 
most optimal performance. 
 

In addition to analyzing overall usage and timing 
accuracy across all songs, we categorized the 
results of the two outcome measures based on the 

Figure 1. Samples of App Screenshots.  
(a) simple instruction page at the beginning of each song, (b) two-hand exercise with an error in timing (too early press) showing 
in red, and (c) a scoreboard at the end of each song exercise.  

(a) (b) (c) 
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song requirements for hand selection: (a) more-
affected hand only (8 songs), (b) less-affected hand 
only (8 songs), and (c) bimanual practice (22 songs). 
This categorization allowed for a more detailed 
examination of the impacts of accompaniment 
music on individuals’ participation and performance, 
comparing between the more-affected and less-
affected hands. 
 

Results 
 

Participants 
We enrolled six participants with chronic stroke 
from local hospitals and stroke support groups. 

Table 1 presents the characteristics of each individual 
participant. Even though no prior music experience 
was required, five of the six participants had 
previously played piano or another instrument 
(e.g., drums, violin, or guitar). During the study, 
most of them no longer played, except for one 
participant who still played the guitar almost daily 
(Participant 05). Additionally, three participants 
(Participants 03, 04, 05) were concurrently 
receiving therapy, including occupational therapy, 
physical therapy, and/or speech therapy, ranging 
from one to two sessions per week. 

 
Table 1. Participant Characteristics 

 Age Sex Race 
Hand 

Dominance 
Side of 

Weakness 
Onset since 
Stroke (year) 

Baseline 
FMA 

Self-Reported  
Piano Skill Level 

Participant 01 72 Male Caucasian Right Left 2.34 64 Beginner, <1 year 
Participant 02 49 Female Caucasian Right Right 1.76 66 Intermediate, 1-5 yrs 
Participant 03 64 Male African American Right Right 1.11 53 Intermediate, 5-10 yrs* 
Participant 04 27 Female Bi-Racial Right Right 6.53 24 Never Played* 
Participant 05 69 Male Caucasian Left Right 3.03 60 Never Played* 
Participant 06 43 Female African American Left Left 4.81 54 Never Played 
Mean ± SD 56.9 ± 17.7     3.2 ± 1.9 50.1 ± 16.6  

Abbreviation: FMA = Fugl-Meyer Upper Extremity Motor Assessment. 
*Participants played instruments other than piano, including drums (Participant 03, 2 years), violin (Participant 04, 4 years), or guitar (Participant 05, still playing daily).  

 
Overall Participation 
During the study, participants actively used the app 
for an average of 9.00 ± 4.38 days (approximately 
4-5 days per week over the two-week period) and 
played an average of 279.83 ± 202.81 attempts of 
song (range, 74 – 541 attempts). 
 
Total Engagement Time 
The average total engagement time across all 
participants was 4.51 ± 3.67 hours over the study 
period, with more time spent in Music Mode 
(141.24 ± 112.47 minutes) than in Non-Music 
Mode (129.33 ± 109.04 minutes). On active days 
(i.e., the days participants used the app), the 

average total engagement time was 26.81 ± 14.03 
minutes per day. Participants generally used the 
app slightly more for exercise in Music Mode 
(28.56 ± 15.46 minutes per day) than in Non-Music 
Mode (25.61 ± 14.47 minutes per day). 
 
However, we observed variations among 
participants (Figure 2). While most participants 
used the app more in Music Mode, the difference 
between modes was less than 10 minutes for two 
participants (Participant 01 and Participant 04) 
over the two-week period. Notably, one 
participant (Participant 05) engaged more in Non-
Music Mode. 

 

 
 

Figure 2. Total Engagement Time: All Songs. Bar graphs show the total engagement time (in minutes) for each of the six stroke 
participants in Music Mode (blue) and Non-Music Mode (gray). Total engagement time represents the cumulative duration spent 
actively playing all of the songs in each mode over the two-week study period. 



Impact of Accompaniment Music in App-Assisted Music-Based Therapy on Home Compliance and Movement 
Performance in Stroke: A Pilot Study 

© 2025 European Society of Medicine 6 

Interestingly, for the eight songs that required 
practice using only the more-affected hand, all 
participants consistently showed greater total 

engagement time in Music Mode (26.03 ± 19.62 
minutes) compared to Non-Music Mode (20.29 ± 
14.61 minutes) (Figure 3).   

 

 
 

Figure 3. Total Engagement Time: More-Affected Hand Songs. This figure presents the cumulative duration (in minutes) each 
participant spent actively playing songs that required only the more-affected hand, in either Music Mode (blue) or Non-Music Mode 
(gray). 
 
Conversely, for songs that required playing with 
the less-affected hand only (Figure 4) or bimanual 

practice (Figure 5), the total engagement time 
varied among participants.  

 

 
 
 

Figure 4. Total Engagement Time: Less-Affected Hand Songs. This figure presents the cumulative duration (in minutes) each 
participant spent actively playing songs that required only the less-affected hand, in either Music Mode (blue) or Non-Music Mode 
(gray). Two participants (03 and 05) played these songs in only one mode, likely due to the mode assigned on the days they 
practiced. 
 
However, group averages still indicated a trend of 
greater total engagement time in Music Mode 
(21.20 ± 22.89 minutes for less-affected hand only; 
93.66 ± 78.02 minutes for bimanual practice) 

compared to Non-Music Mode (16.45 ± 18.99 
minutes for less-affected hand only; 92.10 ± 82.09 
minutes for bimanual practice). 

 

 
 

Figure 5. Total Engagement Time: Bimanual Songs. Similarly, this figure presents the cumulative duration (in minutes) each 
participant spent actively playing songs that required both hands, in either Music Mode (blue) or Non-Music Mode (gray). 
 
Mean Absolute Delta Time 
Throughout the two-week period, participants 
played and pressed an average of 13,956.83 ± 

11,154.48 keys (range, 2360 – 27,940 keys across 
modes) during the app-assisted, in-home piano 
training. 

No 
usage 

No 
usage 
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The mean absolute delta time of keypresses across 
all participants was 113.55 ± 74.28 milliseconds, 
with a better accuracy in Music Mode (119.08 ± 
68.39 milliseconds) compared to Non-Music Mode 

(125.46 ± 66.30 milliseconds). We observed 
generally better accuracy performance in Music 
Mode across participants, except for one 
participant (Participant 06) (Figure 6). 

 

 
 

Figure 6. Mean Absolute Delta Time: All Songs. Bar graphs show mean absolute delta time (milliseconds) for each participant in 
Music Mode (blue) and Non-Music Mode (gray), with error bars indicating standard deviation. The n values below bars reflect total 
keypresses per mode over two weeks. Lower delta times indicate better timing accuracy. 
 

When examining the songs specifically required 
using the more-affected hand only, participants 
pressed an average of 1,694.83 ± 1,354.04 keys 
(range, 89 – 3,173 keys across modes) over the two 

weeks. They showed consistently better accuracy 
performance in Music Mode (70.38 ± 41.17 
milliseconds) than in the Non-Music Mode (105.16 
± 40.38 milliseconds) (Figure 7). 

 

 
 

Figure 7. Mean Absolute Delta Time: More-Affected Hand Songs. Bar graphs show mean absolute delta time (milliseconds) for each 
participant in Music Mode (blue) and Non-Music Mode (gray), with error bars indicating standard deviation. The n values reflect 
total keypresses for songs played using only the more-affected hand. 
 

For songs that required playing with the less-affected 
hand only or bimanual practice, although some variance 

was present, we still observed a relatively consistent 
pattern among participants (Figures 8 and 9).

 

 
 

Figure 8. Mean Absolute Delta Time: Less-Affected Hand Songs. Bar graphs show mean absolute delta time (milliseconds) for each 
participant in Music Mode (blue) and Non-Music Mode (gray), with error bars indicating standard deviation. The n values reflect 
total keypresses for songs played using only the less-affected hand. As in Figure 4, two participants (03 and 05) played these songs 
in only one mode, likely due to the mode assigned on the days they practiced. 
 

Group averages showed a smaller mean absolute 
delta time in Music Mode (59.44 ± 28.56 
milliseconds for less-affected hand only; 121.52 ± 
77.98 milliseconds for bimanual practice) compared 

to Non-Music Mode (102.92 ± 97.32 milliseconds for 
less-affected hand only; 128.20 ± 68.21 milliseconds 
for bimanual practice), indicating generally more 
accurate motor performance in Music Mode. 

(n=4429) (n=4369) (n=15592) (n=12348) (n=1832) (n=528) (n=1133) (n=1232) (n=10905) (n=13972) (n=8728) (n=8673) 

(n=656) (n=625) (n=1584) (n=1537) (n=63) (n=26) (n=217) (n=85) (n=1274) (n=929) (n=1936) (n=1237) 

(n=562) (n=561) (n=1932) (n=1712) (n=0) (n=39) (n=234) (n=42) (n=1507) (n=1225) (n=94) (n=0) 

No 
usage 

No 
usage 
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Figure 9. Mean Absolute Delta Time: Bimanual Songs. Similarly, bar graphs show mean absolute delta time (milliseconds) for each 
participant in Music Mode (blue) and Non-Music Mode (gray), with error bars indicating standard deviation. The n values reflect 
total keypresses for songs played using both hands. 
 

Discussion 
Consistent with our previous study21 and a recent 
MBT systematic review14, stroke participants in this 
current study demonstrated good compliance, 
averaging approximately 30 minutes of exercise 
per day, 4-5 days per week over two weeks. During 
the exit interviews, participants provided positive 
feedback about receiving upper extremity 
rehabilitation through the app-assisted MBT, 
describing the training as entertaining and motivating 
due to the music. Three participants even reported 
that it inspired them to pursue piano playing as a 
leisure activity “for real” (Participant 02) or to learn 
something new after stroke (Participants 04 and 
06). Others noted that the app-assisted training 
was convenient, allowing them to exercise at home 
without needing to travel. The challenge presented 
by the songs also encouraged continued practice 
and a desire to improve (Participants 04 and 06). 
 

At the group level, we observed consistently higher 
engagement (i.e., greater app usage) in Music 
Mode than in Non-Music Mode, both across all 
songs and when categorizing the results by hand 
selection in song requirements. This finding 
aligned with our hypothesis that music would add 
a fun component to home rehabilitation and 
motivate stroke survivors to exercise more 
consistently. This was also supported by participant 
feedback, such as “The days without music were 
very boring” (Participant 02) and “I preferred the 
music days” (Participant 03).  
 

However, two noteworthy points emerged upon 
closer examination. First, the differences in total 
engagement time between modes were relatively 
small. For example, across the two-week study period, 
the difference was about 12 minutes (141.24 vs. 
129.33 minutes in Music and Non-Music Modes, 

respectively), and for bimanual practice songs, the 
difference was only 1.5 minutes (93.66 vs. 92.10 
minutes). Second, greater usage in Music Mode 
was not consistent among all participants. For 
instance, Participant 05 exercised slightly more in 
Non-Music Mode (Figure 2), and Participants 04 
and 06 showed somewhat higher app usage in 
Non-Music Mode for bimanual practice (Figure 5). 
 

We speculate that the small differences of usage 
between modes may be influenced by a combination 
of social desirability bias and the Hawthorne effect. 
Social desirability bias refers to the tendency of 
participants to behave or respond in ways they 
believe will be viewed favorably by researchers.29,30 
The Hawthorne effect describes behavioral changes 
that occur simply due to the awareness of being 
observed or participating in a study, rather than as a 
result of specific experimental manipulation.31,32 Given 
that our stroke participants were likely educated by 
healthcare professionals throughout their recovery 
journey about the importance of rehabilitation 
exercises and were aware of their involvement in the 
study, it is possible they were highly motivated to 
exercise consistently, regardless of the mode. 
Although they reported that training with music was 
more engaging and preferable, they may have been 
equally committed to completing the exercises under 
Non-Music Mode. Additionally, because the training 
period lasted only two weeks, a relatively short 
timeframe, it may have been easier for participants to 
maintain the exercise level even during the less 
preferred condition. A longer study period may be 
necessary to more fully examine how social 
desirability bias and the Hawthorne effect influence 
participants’ commitment and compliance. 
 

Regarding timing accuracy, we observed a consistent 
pattern in participants’ motor performance, as 

(n=3211) (n=3175) (n=12062) (n=9099) (n=1767) (n=463) (n=682) (n=1078) (n=8110) (n=11818) (n=6698) (n=7420) 
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indicated by the mean absolute delta time. 
Overall, participants demonstrated better motor 
accuracy (i.e., smaller mean absolute delta time) 
when exercising in Music Mode compared to Non-
Music Mode. Although there was also some 
variation (i.e., Participants 02 and 06 showed 
better performance in Non-Music Mode for 
bimanual practice; Figure 9), nearly all participants 
exhibited consistently better motor performance 
across all song categories.  
 
We propose that this effect may be attributed to 
the feedforward learning mechanism. In music 
performance, the feedforward loop involves 
anticipatory motor planning and auditory-motor 
interactions.33,34 For example, expert pianists develop 
internal models through extensive training that 
enable rapid and precise note execution.33,34 Notably, 
neural activity indicative of error detection has been 
observed approximately 70 milliseconds before an 
incorrect note is played.34 This pre-error signal 
suggests that the feedforward loop in the brain 
predicts potential errors and initiates internal 
corrections before external feedback is received.33 
Such anticipatory monitoring underscores the role 
of internal predictions in guiding motor performance, 
rather than relying solely on real-time auditory 
feedback.33 
 
Under the Music Mode, our stroke participants 
could hear accompaniment music and use it as a 
sensory cue to predict and prepare for upcoming 
key presses. The accompaniment music may serve 
as an anticipatory guidance, enhancing motor 
planning.33,34 The connection between accompaniment 
music cues and anticipatory motor planning may 
facilitate improved motor performance by 
strengthening communication between auditory 
and motor brain regions. Previous studies have 
highlighted this key mechanism of MBT, noting 
that increased coherence in auditory-motor loops 
is associated with better brain function and stroke 
recovery.35-41 In contrast, under the Non-Music 
Mode, our participants had to rely solely on the 
visual cues and auditory feedback (i.e., the sound 
of the note they played), which may have provided 
less support for motor performance compared to 
the enriched sensory environment in Music Mode. 
Therefore, our findings further underscore the 
importance of accompaniment music in rehabilitation 
exercises. 

In addition to our primary findings, this study 
provides further evidence that piano playing can 
inherently deliver a high dose of repetitive 
movements, such as finger flexion and extension, 
even during brief practice sessions. Over the two-
week training period, our participants pressed an 
average of approximately 14,000 keys across a 
total of 4.51 hours of practice. This translates to 
roughly 1,555 repetitions involving fingers, wrist, 
or shoulder movements within a 30-minute 
session. This is substantially exceeds the average 
32 repetitions per session typically seen in 
outpatient clinics.42 
 

Moreover, the repetition volume achieved through 
our app-assisted home MBT more closely aligns 
with the recommended 400-600 daily repetitions43 
or even the 600-1,000 daily repetitions44, which are 
considered necessary to induce structural and 
functional brain changes for motor recovery post-
stroke. The melodic and rhythmic nature of song-
based practice helps make these repetitions feel 
less monotonous, effectively embedding essential 
rehabilitation exercises into an enjoyable and 
motivating activity. These findings underscore the 
potential of our app-assisted home MBT to promote 
upper extremity recovery in stroke survivors. 
 

Our study had several limitations. First and 
foremost, the sample size was small. Our team has 
been continuously refining the app through 
ongoing pilot testing and data collection. 
Although the findings from this study require 
further validation, they have been valuable in 
guiding modifications to the app for future testing 
and development. Second, our stroke participants 
were somewhat heterogeneous. Three had 
impairments on their dominant (right) side, while 
the remaining three presented varied combinations 
(e.g., right-hand dominance with left-side impairment; 
left-hand dominance with right-side impairment). 
In addition, participants’ piano experience ranged 
from none to 5-10 years. While half of the 
participants had never played the piano before, 
many had experience with other musical instruments. 
The impact of these factors on home rehabilitation 
compliance with our app-assisted MBT and on 
motor performance, particularly timing accuracy, 
remains unclear. Due to the small sample size, we 
were unable to conduct subgroup analyses based 
on these characteristics. 



Impact of Accompaniment Music in App-Assisted Music-Based Therapy on Home Compliance and Movement 
Performance in Stroke: A Pilot Study 

© 2025 European Society of Medicine 10 

Conclusion 
This pilot study demonstrated the potential 
benefits of accompaniment music in app-assisted, 
in-home MBT for stroke rehabilitation. Participants 
exhibited good compliance and motor performance, 
particularly in timing accuracy, when training with 
accompaniment music. These findings support the 
role of music as a motivating and enriching 
element in rehabilitation. Our data also highlight 
the value of high-dose, repetitive movement 
practice achievable through piano-based tasks. 
While the small and heterogeneous sample limits 
generalizability, the results provide promising 
evidence to guide future app refinements. Larger-
scale studies with longer intervention periods and 
more diverse participant profiles are warranted to 
further evaluate the benefits of app-assisted MBT 
in promoting upper extremity recovery post-stroke. 
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