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ABSTRACT
Introduction: Dose (number of repetitions) has been suggested as a key element in the effectiveness 
of rehabilitation exercises to promote motor recovery of the hemiparetic upper limb. however, 
rehabilitation exercises tend to be monotonous and require significant motivation to continue, 
making it difficult to increase the exercise dose. to address this issue, gamification technology has 
been implemented in exercises to promote self-engagement for people with hemiparesis in 
continuing monotonous repetitive movements. this study aimed to investigate how subjective 
perspectives, specifically enjoyability, motivation to continue, and expectancy of effectiveness, change 
through continuous daily exercise using a developed gamified exercise system.
Materials and Method:  ten people with stroke suffering upper limb dysfunction underwent daily 
gamified exercise for seven days. the gamified exercise consisted of an electromyography (eMG)-
controlled  operating system that enabled users to play virtual games using repetitive finger 
movements. the participants performed conventional self-exercise on the same day as the control 
exercise, and rated their subjective perspectives on both exercises on a numerical rating scale on 
each exercise day.
Results:  Ratings for enjoyability and motivation to continue consistently showed significantly 
higher scores for the gamified exercise than for conventional self-exercise on all exercise days. a 
similar trend was observed in the ratings for the expectancy of effectiveness. No changes over 
time were found in any of the ratings throughout the exercise period.
Conclusions:  exercise using the developed eMG-controlled  gamified system may have the 
potential to maintain motivation and enjoyment in people with stroke to continue monotonous 
repetitive finger movements.

KEY MESSAGES
• although dose (number of repetitions) has been suggested as a key element in the effectiveness 

of rehabilitation exercises to promote motor recovery of the hemiparetic upper limb, 
rehabilitation exercises tend to be monotonous and require significant motivation to continue.

• Gamification technology has been implemented in exercises to promote self-engagement for 
people with hemiparesis in continuing monotonous repetitive movements.

• exercises using the developed eMG-controlled gamified system may have the potential to 
maintain motivation and enjoyment in people with stroke to continue monotonous repetitive 
finger movements.

Introduction

stroke is a leading cause of disability with a global 
prevalence of approximately 1% [1]. among the vari-
ous dysfunctions in people with stroke, upper limb 
dysfunction is observed in at least 70% of them [2]. 
Upper limb dysfunction is known to have a significant 
impact on daily life. it reduces the level of indepen-
dence in activities of daily living, diminishes the 

likelihood of returning to work, and impairs engage-
ment in hobbies, and has detrimental effects on men-
tal health and quality of life [3,4].

intensive and repetitive exercise in people with 
stroke has been reported to be an important factor in 
improving upper limb motor function [5,6] for 
strengthening the musculoskeletal system, and pro-
moting neuroplasticity [7,8] and motor learning [9]. 
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indeed, previous studies have suggested that higher 
dose of exercise, such as increased duration [10,11] 
and number of repetitions [12], results in better reha-
bilitation outcomes. among the several approaches 
attempting to improve hemiparetic upper limb func-
tion in people with stroke, task-specific training, 
constraint-induced movement therapy, and robotic 
therapy have been recommended as effective exer-
cises with high levels of evidence [13]. importantly, 
despite some differences between studies, the effec-
tiveness of all these exercise approaches has been 
demonstrated in clinical trials in which targeted exer-
cises were provided continuously for at least a few 
weeks (e.g. 2–12 weeks) [14–22]. this suggests that 
the sustainability of exercise over a longer period may 
be an important element influencing the outcome of 
upper limb motor function.

however, continuous engagement of affected limbs 
during exercise is difficult. in particular, in the case of 
self-exercise, which is often provided to obtain a dose 
of exercise but requires voluntary engagement by the 
individual, only approximately 30% of people with 
stroke were able to continue as instructed [23,24]. One 
possible reason for this may be that self-exercise with 
the expectation of functional improvement often 
involves monotonous, repetitive movements that lack 
enjoyment [23,24].

Recently, gamification has been widely implemented in 
rehabilitation exercises as a tool to entertain people with 
stroke and motivate them to continue exercising [25–27]. 
Motivation is defined in the field of psychology as ‘a force 
that initiates, sustains, directs, activates, or drives 
purpose-oriented behaviour’ [28] and is thought to influ-
ence the outcomes of rehabilitation exercises [25,26]. 
contrary to extrinsic motivation, which is driven by 
rewards, consequences, or external pressures, intrinsic 
motivation, which is driven by the satisfaction inherent in 
an activity [29], is known to contribute to the persistence 
of activities, and is therefore important for the self-driven 
continuation of rehabilitation [30]. Gamified rehabilitation 
exercises have been reported to increase intrinsic motiva-
tion by increasing enjoyment and promoting voluntary 
engagement in exercise [31,32].

to increase motivation for continuous exercise, we 
developed a gamified exercise system that allows peo-
ple with stroke to train motor functions in the distal part 
of the upper limb in a fun and motivating manner [33]. 
Our previous work showed that through a single bout of 
training, the developed system has relatively good 
usability, satisfaction, enjoyability, motivation to con-
tinue, and expectancy of effectiveness, which leads to 
the assumption that the system can motivate people 
with stroke to train continuously. however, it remains 

unclear how these subjective perspectives on the devel-
oped gamified exercise system change over time, which 
is a critical question that needs to be addressed when 
expecting daily clinical use.

this study aimed to investigate how subjective per-
spectives, specifically enjoyability, motivation to con-
tinue, and expectancy of effectiveness, change through 
continuous daily exercise using the developed gami-
fied exercise system. We hypothesized that these sub-
jective perspectives on the gamified exercise would be 
more positive than conventional self-exercises without 
significant decline even with continuous use of 
the system.

Materials and methods

Participants

ten individuals with subacute stroke (3 women, mean 
age 72.6 ± 12.8 years) were recruited from a rehabilitation 
ward in Fujita health University hospital between april 
and July 2021. all participants provided written informed 
consent before participating in the study. the study pro-
tocol was approved by the ethics Review committee of 
Fujita health University (approval no. hM19-231). the 
experiment was conducted in accordance with the 
Declaration of helsinki of 1964, as revised in 2013.

the inclusion criteria were as follows: (1) diagnosis 
of ischemic or haemorrhagic stroke; (2) subacute phase 
(7 days to 6 months after stroke onset) [34]; (3) cogni-
tive ability to follow instructions and understand the 
rules of the task; (4) ability to sit independently; and 
(5) demonstrating no less than 1 a (minimal voluntary 
movement or mass flexion) on the stroke impairment 
assessment set for finger function (sias-FF) [35,36].

Study design

all participants performed the gamified exercise and 
conventional self-exercise involving finger movements 
for 15 min per day, repeated for seven non-consecutive 
days. each day, both exercises were performed in a 
fixed order (first, conventional self-exercise), separated 
by at least one hour between them (Figure 1a). the 
specific fixed order was chosen because a researcher, 
who is also an occupational therapist (Ot) clinician, 
had to do clinical work during the day; therefore, the 
gamified exercise had to be provided after that, 
between 5 pm and 6 pm.

to evaluate the subjective perspectives on each 
exercise and track their time-course changes, we asked 
the participants to rate the gamified exercise and con-
ventional self-exercise on a numerical rating scale 
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(NRs) regarding enjoyability, motivation to continue, 
and expectancy of effectiveness. all participants also 
received the usual rehabilitation training, including 
60 min of occupational, physical, and speech-language 
therapies (if needed) every day.

Gamified exercise

Gamified exercise was performed using the custom-made 
electromyography (eMG)-controlled gamified exercise sys-
tem [33] (Figure 1b). in brief, this system implements a 
computer game in which the user controls the actions of 
the character developed using computer graphics. the 
actions of the character are controlled by the activity of the 
forearm muscles exerted during specific finger movements. 

the surface eMG signals were captured by a custom-made 
elastic sleeve made of interknitted fabric comprising poly-
urethane elastic yarns and nylon yarns integrated with 6 
pairs of wireless surface eMG electrodes (size: 1 cm × 1 cm, 
sMK co., ltd, tokyo, Japan). the elastic sleeve used in the 
present study was a modified model from the original one 
with 12 pairs of electrodes [33]. the number of electrode 
pairs was reduced by half, and the length of the sleeve was 
shortened to make it easier to apply. We confirmed that 
the accuracy of motion estimation was comparable when 
using the current sleeve. the location of the eMG elec-
trodes did not necessarily have to correspond to the belly 
of specific muscles but were roughly positioned so that 
three pairs were over the flexors (e.g. flexor digitorum 
superficialis and profundus muscles) and the other three 
were over the extensors (e.g. extensor digitorum muscle) of 
the forearm. surface eMG signals from the forearm muscles 
were analyzed for patterns based on a mathematical model 
(see details in [33]) to estimate the types of finger move-
ments attempted while playing the game. Prior to starting 
the exercise, eMG signals were recorded during specific fin-
ger movements, which were then used as references to 
detect the movements performed and the level of muscle 
activity. the actions of a character with computer sound 
appeared when muscle activity patterns matched the refer-
ence and the level of activity exceeded a certain level (see 
details in [33]).

the game comprises four stages, each of which requires 
the user to repeat different sets of movements. the finger 
movements required at each stage were designed to 
accommodate a wide range of hemiparesis severity, as 
modified from the previous version [33] (table 1).

in stages 1 and 2, users were required to repeatedly 
attempt a set of movements, including whole-finger 
flexion (stage 1) and extension (stage 2), followed by 
relaxation. stage 3 required a set of whole-finger flex-
ion movements followed by extension. if a participant 
was unable to exert reproducible eMG patterns and 
thus could not play even at stage 1, the participant 
played stage 0, where any eMG signal could make the 
character act as in stage 1.

When muscle activity patterns matched the reference 
and the level of activity exceeded a certain level, char-
acters’ movements (i.e. making, serving, grabbing, or 
eating sushi) were generated with the computer sound 
and sushi plates were stacked as a positive visual feed-
back. the number of successful performances was fed 
back to the participants as a score on each trial (60 s of 
play), and the highest score on a trial and the total 
score for each day were recorded. in addition, each 
individual’s highest score on a trial between exercise 
days was recorded and updated. at all times prior to 
the session, the participants were instructed once to 

Figure 1. experimental protocol and developed 
electromyography-controlled gamified system. (a) example of 
protocol. A participant performed gamified exercise and con-
ventional self-exercise for 15 min per day and repeated for 
non-consecutive seven days. each day, both exercises were 
performed in a fixed order, separated by at least one hour 
between them. A participant was asked to rate the exercises 
regarding enjoyability (en), motivation to continue (Mo), and 
expectancy of effectiveness (ex) based on numerical rating 
scales. expectancy of effectiveness was evaluated only on the 
last day. (b) An overview of gamified exercise for training 
hand-finger movements. This is an example of the game con-
tents at stage 3. Muscle activities were measured from the 
forearm using a custom-made elastic sleeve with 6 pairs of 
wireless surface electromyography electrodes. When muscle 
activity patterns matched the reference and the level of activ-
ity exceeded a certain level, characters’ movements were 
generated.
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attempt to exceed this individual’s highest score. For 
entertainment purposes, the graphics of the characters 
and objects changed when the total score or number 
of trials reached a certain value.

Experimental protocol

Gamified exercise
the participants sat in a wheelchair or chair with a 
backrest in front of the display. the affected arm was 
placed on a cushion to support the forearm and to pro-
vide a comfortable limb position. all participants were 
briefed on how to operate the game before the exer-
cise and allowed to experience stage 1 or stage 0 once 
for practice depending on their level of motor function. 
as for the exercise, all participants started with stage 1 
and proceeded to the next stage until they reached the 
highest playable stage, where they were able to control 
the actions of a character at least once in the first 10 s. 
the play time for each stage was set to 60 s (one trial). 
after completing the highest playable stage, they played 
again from stage 1 and repeated the cycle until the end 
of the exercise duration of 15 min (one session). the 
researcher was present at every session to ensure that 
the exercise was carried out appropriately, but not to 
provide special encouragement.

Conventional self-exercise
the participants performed individualized self-exercises 
involving finger movements on the affected side while 
seated in a wheelchair or chair. individualized tasks 
were selected by an assigned Ot according to the 
level of motor function. the participants who could 
grasp objects performed tasks such as corn transport, 
peg transport, and grasping multiple otedama bags 
(small bags filled with beans). the participants who 
could not grasp objects due to severe hand-finger dys-
function performed active-assistive hand-finger exer-
cises, such as repetition of finger flexion and relaxation, 
with assistive technology of functional electrical stimu-
lation to the flexor muscles in the forearm. the con-
ventional self-exercises did not include any cognitive 
training or passive training such as stretching. the 
duration of the exercise was 15 min per session, similar 
to the gamified exercise. the assigned Ot prepared 

the task but was not present during the exercise. the 
same exercise task was repeated for each participant 
throughout the seven exercise days.

Clinical motor assessments

sias-FF, Fugl-Meyer assessment for the upper extrem-
ity (FMa-Ue) [37], and action Research arm test (aRat) 
[38] were used as clinical motor assessments to specify 
participants’ characteristics. these scores were assessed 
every two weeks by an Ot in charge, and the scores 
obtained on the day closest to the first exercise day 
were used.

Subjective assessments

subjective perspectives on enjoyability, motivation to con-
tinue, and expectancy of effectiveness were assessed 
using a NRs (Figure s1). the NRs is an 11-point likert 
scale ranging from 0 to 10 with higher values indicating 
positive responses. enjoyability and motivation to con-
tinue were assessed after completion of each exercise 
each day, and the expectancy of effectiveness was evalu-
ated once after all the 7-day exercises were completed 
(Figure 1a). the examiner stayed back and was blinded to 
the scale during the participants scoring to prevent them 
from making additional considerations.

Statistical analysis

to compare subjective ratings and patterns of 
time-course changes in enjoyability and motivation to 
continue between the gamified exercise and conven-
tional self-exercise, a two-way analysis of variance 
(aNOVa) was applied with factors of exercise (two lev-
els) and time (seven levels: days 1–7). all aNOVas were 
tested for the assumption of homogeneity of variance 
with Mauchly’s test of sphericity. For those tests in 
which this assumption was violated, the 
Greenhouse-Geisser correction statistic was reported. a 
paired t-test was used to compare the ratings for the 
expectancy of effectiveness between the exercises. 
statistical significance was set at p < 0.05. effect sizes 
were reported in partial eta squared value for aNOVa 
and cohen’s d value for t-test. all tests were performed 
using sPss version 26 (iBM inc., armonk, New York, Usa).

Results

Participants’ characteristics are presented in table 2. 
the participants had a wide range of motor impair-
ments in finger function (1B–4 on sias-FF) and upper 

Table 1. The finger movements required in each stage.
stage Movements

0 Whole-finger flexion or extension/
relaxation

1 Whole-finger flexion/relaxation
2 Whole-finger extension/relaxation
3 Whole-finger flexion/extension

https://dx.doi.org/10.1080/07853890.2024.2306905
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extremity function (10–65 in FMa-Ue). they also 
showed a wide range of motor activity capacities 
(3–57 in aRat). the non-consecutive 7-day exercise 
lasted for 8–12 days, and the interval between exercise 
days was between 0 and 2 days among the partici-
pants, depending on the experimenter’s work shift. No 
participants dropped out of the study. there were no 
adverse events during the study.

Regarding subjective assessments, the NRs for 
enjoyability showed higher scores for the gamified 
exercise than for conventional self-exercise (two-way 
aNOVa: main effect of exercise: F1,9 = 16.8, p = 0.003, 
ηp

2 = 0.65) (Figure 2a). the scores did not change over 
the seven exercise days for either exercise (main effect 
of days: F6,54 = 0.4, p = 0.85, ηp

2 = 0.05; interaction: F1,9 
= 1.4, p = 0.20, ηp

2 = 0.14). a similar trend was observed 
for motivation to continue, where the NRs for the 
gamified exercise was higher than that for conven-
tional self-exercise (two-way aNOVa: main effect of 
exercise: F1,9 = 25.1, p = 0.001, ηp

2 = 0.74) (Figure 2b). 
Notable time-course changes were not found for either 
exercise (main effect of time: F6,54 = 0.7, p = 0.68, ηp

2 = 
0.07; interaction: F2.5, 22.6 = 2.6, p = 0.08, ηp

2 = 0.23). 
Regarding the expectancy of effectiveness, there were 
no statistically significant differences between the 
exercises (t9 = 2.3, p = 0.051, d = 1.01), although the 
gamified exercise showed relatively higher scores than 
conventional self-exercise (Figure 2c). to qualitatively 
investigate differences in subjective perspectives on 
the gamified exercise between subgroups with differ-
ent playable stage or motor function, we subdivided 
participants into those who were able to play stage 2 

(n = 3) or stage 3 (n = 7), or those who had more severe 
(1 c or less on sias-FF, n = 5) or milder (3 or greater on 
sias-FF, n = 5) finger motor function. as a result, partic-
ipants who were able to play stage 3 tended to score 
higher on the gamified exercise than those who were 
able to play stage 2, while no such trend was observed 
on the conventional self-exercise. a similar trend was 
observed for finger motor function (Figure s2).

Discussion

the present study investigated the feasibility of the 
developed eMG-controlled gamified exercise system 
designed to repeatedly train hand-finger movements 
by comparing daily changes in subjective perspectives 
on the developed exercise with those on conventional 
self-exercise. the results showed that the perspectives 
on enjoyability and motivation to continue were con-
sistently significantly more positive than those on con-
ventional self-exercise throughout the 7-day exercises, 
with the scores of both exercises maintained without 
clear decreases. these results indicate that the devel-
oped gamified system may have the potential to main-
tain motivation and enjoyment for people with stroke 
to continue monotonous repetitive hand-finger 
movements.

although a few studies have investigated the sub-
jective perspective on daily gamified exercises, most 
were conducted in healthy volunteers, and the per-
spective of people with stroke remains unclear. van 
der Kooij et  al. (2019) reported a comparison between 
gamified exercises and usual training in healthy elderly 

Table 2. Participants’ characteristics.

Age (years) sex
Affected 

hand

days after 
stroke 
onset siAs-ff fMA-Ue ARAT MMse

conventional 
self-exercise

Playable 
stage

P01 42 M R 79 4 65 57 30 o’connor peg 3
P02 72 M R 56 1c 44 32 29 corn transport 3
P03 81 f l 37 4 51 37 24 Peg transport 3
P04 82 f R 48 1B 25 4 3 Table wiping 

with a hand 
opening

2

P05 73 M R 38 1c 44 22 19 corn transport 3
P06 59 M R 32 3 60 50 27 Peg transport 3
P07 77 f R 70 4 63 51 30 corn transport 3
P08 71 M l 41 1c 45 41 25 Grasping multiple 

otedama bags
2

P09 75 M l 113 1B 10 3 20 Active-assistive 
hand exercise 
with electrical 
stimulation

2

P10 83 M l 55 4 58 57 28 o’connor peg 3
Mean (sd)/

count
72.6 (12.8) M/f: 7/3 R/l: 6/4 56.9 (23.5) 0/1 A/1B/1c/2/3/4/5: 

0/0/2/3/0/1/4/0
46.5 (16.6) 35.4 (19.1) 23.5 (7.8) 0/1/2/3: 

0/0/3/7

sd; standard deviation; M: male; f: female; R: right; l: left; siAs-ff; stroke impairment assessment set for finger function; fMA-Ue: fugl-Meyer assessment 
for the upper extremity; ARAT: action research arm test; MMse: mini-mental state examination.
note: Table wiping is primarily performed to strengthen shoulder and elbow movements; however, in the present study, it was also performed with the 
intention of strengthening the fingers by keeping them extended while moving. P04 had a severely low MMse score due to aphasia, but she had good 
comprehension of the motor tasks.

https://dx.doi.org/10.1080/07853890.2024.2306905
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and young adults, with the former showing higher 
enjoyability and motivation scores, which did not 
decline after multiple sessions (three sessions per day 
for a total of nine sessions in three days) [31]. the 
present study demonstrated similar results in people 
with stroke who suffer motor impairments. People 
with stroke are easily fatigued [39,40], and movements 
require extensive effort because of motor paresis. in 
addition, their motivation for rehabilitation is nega-
tively affected by various factors, including physical 
and cognitive disabilities [41], indicating that it is diffi-
cult for them to maintain motivation for rehabilitation 
exercises. in fact, it has been reported that people 
with stroke have the lowest participation in activities 
as exercise and the highest percentage of inactivity 
among people with stroke, musculoskeletal disease, 
vascular/heart diseases, degenerative disease, neuro-
logical disease, diabetes, and respiratory disease [42]. 
Nevertheless, the present study suggests that our 
gamified system can motivate people with stroke to 
continue exercising to a greater extent than conven-
tional self-exercise. to generalize our results, further 
studies are needed in people with other health condi-
tions such as spinal cord injury who also have lower 
levels of physical activity.

in addition, it is noteworthy that the participants 
performed the gamified exercise with a high frequency 
and long duration per session. in the previous study, 
each of the three days of exercise was performed spo-
radically, with at least one week between each day, 
and one session lasted for only 4 min [31]. in contrast, 
in the present study, the minimum interval between 
exercise days (seven non-consecutive days within 
8–12 days) was 0 and 2 days at maximum, with one 
session per day lasting for 15 min. it is known that, 

when training for upper limb motor paresis, increasing 
dose as much as possible is essential for promoting 
motor recovery [5,6], indicating that training with 
higher frequency and longer duration may work posi-
tively. therefore, the fact that similar results (no clear 
decline in subjective perspective scores) were obtained 
with a relatively higher frequency and longer duration 
compared to the previous study indicates a potential 
contribution of our gamified exercise in maintaining 
repetitive training aimed at upper limb motor recovery 
in people with stroke.

although the present study examined changes in 
subjective perspectives over a 7-day period, it remains 
unclear how they change when the exercise continues 
over a longer period. Most recovery from post-stroke 
motor paresis occurs in the first three months after 
onset, followed by a slow, long-lasting recovery that 
can be expected with continuous exercise [43]. since 
this implies that long-term rehabilitation is important 
for people with stroke, further examination is needed 
to explore how subjective perspectives change after 
more than seven days of exercise.

although gamified exercise can generally increase 
enjoyment and motivation for exercise, users may lose 
interest at some point if the same content continues. 
By contrast, our system was devised based on essen-
tial factors in stroke rehabilitation to maintain motiva-
tion, such as goal setting, task difficulty control, and 
feedback [44]. First, the system implements settings for 
recording scores per attempt and increasing the type 
of graphics for each goal achieved, which can encour-
age users to achieve and surpass previous scores. 
second, this system can control the level of difficulty 
by selecting stages according to the severity of motor 
impairment, and can be adjusted to suit a wide range 

Figure 2. numerical rating scale (nRs) scores for a) enjoyability, b) motivation to continue, c) expectancy of effectiveness for the 
gamified exercise, and conventional self-exercise. Mean scores for enjoyability and motivation to continue are presented using 
black dots for the gamified exercise and white dots for conventional self-exercise. error bars indicate standard deviation. individual 
scores for expectancy of effectiveness are shown in each dot, and mean scores are shown in horizontal lines.
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of severities of motor impairment [33]. Furthermore, 
this system indirectly provides feedback on the amount 
of muscle activity (i.e. whether the muscle activity is 
sufficient) as actions of graphics and the success rate 
of those movements as a total score. controlling the 
difficulty level and providing appropriate feedback 
have been reported to be effective in promoting 
intrinsic motivation (motivation driven by enjoyment 
and satisfaction inherent in an activity) in gamified 
exercises [29,45,46]. For these reasons, the present 
exercise system is expected to maintain participants’ 
motivation even with long-term use. however, 
sub-analysis revealed that the perspectives on the 
gamified exercise may be influenced by the level of 
hand-finger motor function and the level of playable 
stage, in such a way that those who had better motor 
function or those who were able to play the higher 
stages tended to have more positive perspectives on 
the gamified system. these results suggest that there 
is still room for improvement in the system so that 
people with more severe hemiparesis can have more 
positive perspectives to the same extent as people 
with milder hemiparesis.

interestingly, the present study revealed that the 
conventional self-exercise did not lead to a significant 
decrease in enjoyment and motivation with continued 
exercise, similar to the gamified exercise, even with 
generally lower scores. Furthermore, the expectancy of 
effectiveness was not significantly different between 
the two exercises. since the conventional self-exercises 
were determined by therapists who understood the 
participants’ impairments well, expectations of their 
effectiveness may have been relatively high. another 
possibility is that this may be simply due to the small 
sample size. the expectancy of effectiveness increases 
motivation to exercise in the elderly [47]. therefore, 
the relatively positive expectancy of effectiveness may 
have contributed to the sustained motivation for the 
conventional self-exercise training. the result that 
there was no significant difference in expectancy of 
effectiveness of the gamified exercise compared to 
conventional self-exercise also indicates that our gam-
ified system may induce sufficient expectations as the 
participants have on personalized self-exercise pro-
vided by therapists.

although the results of the present feasibility study are 
promising, several limitations must be addressed in future 
studies. as discussed above, this study was conducted 
over a period of seven days. it remains unclear how these 
perspectives change when the exercise is performed over 
a longer period. in addition, the level of difficulty could 
not be fully matched between the exercises, which could 
lead to different subjective perspectives of the 

participants regarding the exercises. although the play-
able stage of the gamified exercise and the task for con-
ventional self-exercise were chosen based on the 
individual’s motor function, matching the level of difficulty 
of both exercises can be challenging. the order of inter-
vention for the two conditions was fixed, the gamified 
exercise was done later, which may have influenced the 
results. For example, the subjective perspectives may have 
been influenced by the fatigue that the participants may 
have felt while performing the gamified exercise. We used 
the NRs to assess subjective perspectives on enjoyability, 
motivation to continue, and expectancy of effectiveness 
because the NRs has been widely used for similar pur-
poses in several previous studies [31,48]. however, its use 
for these purposes has not been validated and thus fur-
ther test would be required for validation. in the present 
study, the number of movements during the 15-min 
intervention could not be compared between both con-
ditions because that during conventional self-exercise was 
not recorded. Future investigation of the impact of the 
gamified system on the number of movements during 
exercise would be an interesting topic to address. Finally, 
this study could not verify whether repetitive exercises 
using this system prevented decline or improved motor 
function. Future studies should examine the effects of the 
gamified exercise on motor recovery.

Conclusion

the present study investigated the feasibility of the 
developed eMG-controlled gamified exercise system 
for repetitive hand-finger movement training in people 
with stroke. the developed gamified system showed 
consistently positive perspectives on enjoyability and 
motivation to continue throughout the 7-day exercises 
as compared to the conventional self-exercise. exercises 
using the developed gamified system may have the 
potential to maintain motivation and enjoyment in 
people with stroke to continue monotonous repetitive 
hand-finger movements.
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