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ABSTRACT

Stroke survivors require continuous exercise therapy to minimize post stroke weakness and functional decline that
eventually affect their motivation level and quality of life. However, frequent hospital-based therapy has become less
feasible during COVID-19 pandemic due to fear of infection and other restrictions. Therefore, an alternative exercise
method is needed in a home setting. One approach, namely game-focused exercise, has received much attention in
recent research, and good evidence has been documented. However, the delivery of game-focused exercises in a home
setting with a remote supervision from therapists has not been well researched. This case study dicusses the effects of
a web-based, game-focused exercise conducted in the survivor's home setting on the motivation level and quality of life.
The case was a 58-year-old post-stroke patient, with good cognitive status (Montreal Cognitive Assessment score = 28)
who was recruited to undergo the intervention from February to March 2021. The subject performed a game-focused
exercise program using a web-based Checkercise® board for 40 minutes per session, twice a week for eight weeks.
The intended outcome of the intervention was measured using the Intrinsic Motivation Inventory (IMI) and Short Form-
36 (SF-36) questionnaire. The study results have shown that web-based Checkercise® is doable in the home
setting and yielded satisfactory outcomes, with improvement in overall motivation level by 30%, mainly in the
subscales of interest/enjoyment, perceived competence, and perceived choice. Further, the subject demonstrated
a better health state, illustrated by the lower score in the pressure/tension subscale (22% reduction) of the IMI and
increased physical and mental health components score of the SF-36, by 29% and 60%. In conclusion, web-based,
game-focused exercise using the Checkercise® board is beneficial in enhancing post-stroke motivation level and quality
of life, and may be considered as a therapy option for this population during COVID-19 pandemic time.
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Rehabilitation remains the mainstay of treatment to
combat post-stroke disability. Physiotherapy, being a
main part of the multidisciplinary rehabilitation program
is important, aiming at improving post-stroke physical
functions with the use of multiple modalities such as
therapeutic exercise, electrophysical agents, manual
therapy, virtual reality therapy, mirror therapy, robotic

INTRODUCTION

Stroke is a major cause of disability in many countries.
It was reported that, in 2019, there were nearly 12.2
million incident cases of stroke,101 million prevalent
cases of stroke and 143 million disability-adjusted life-
years (DALYs) due to stroke globally (Feigin et al.
2021). Annually, about 15 million new cases were
reported worldwide, with 5 million survivors left
permanently disabled, placing a burden on family and
community (World Health Organization 2021). This
substantial number of people with a stroke-related
disability who require continuous and long-term
rehabilitation and healthcare support places a great
burden on the healthcare system in most Asian
countries including Malaysia (Wijaya et al. 2019).

therapy, biofeedback electromyograph therapy and
acupuncture (American Heart Association Stroke
Council 2016; Australian Government National Health
and Medical Research Council 2017; Heart and Stroke
Foundation of Canada 2016; Kementerian Kesihatan
Malaysia 2012). During hospitalization for acute and
sub-acute stroke, the service is provided and normally
continued in out-patient settings once the stroke patient
is discharged.

Due to the coronavirus disease 2019 (COVID-19)
pandemic, rehabilitation facilities have become less
accessible for patients with a stroke where reports have
shown that as much as 39% of stroke survivors who
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had a stroke in 2019 claimed deprived of rehabilitation
therapies, including physiotherapy (Stroke Association
2020). Lack of intensive rehabilitation hinders the
opportunity for recovery especially during the critical
time window of endogenous plasticity and improvement
post-stroke (Lee et al. 2015). Functional impairments
caused by stroke lead to dependency in daily living
activities, which consequently reduces the motivation
level (Mahmoud et al. 2016) and health related quality
of life (Kwon et al. 2018).

One solution to these problems is the use of tele-stroke
rehabilitation in the patients’ home environment as an
alternative to hospital-based rehabilitation. Many
studies have analysed the effectiveness of tele-
rehabilitation, with the majority reporting that tele-
rehabilitation is comparable to in-clinic rehabilitation in
terms of improving motor, language, and cognitive
functions (Laver et al. 2020). The online rehabilitation
program includes telephone-based, web-based video
conferencing and virtual reality-based exercise.
However, web-based video conferencing was the most
utilized tele-rehabilitation, and this approach has been
reported to contribute towards better motivation level
(Chemtob et al. 2019; Yeh et al. 2011) and improved
quality of life (Wu et al. 2020) after stroke, which can
be detected using Brunel Mood Scale and Treatment
Self-Regulation Questionnaire and Stroke Specific
Quality of Life, respectively.

Another approach that is considered motivating is
game-focused exercise. Therapeutic exercise with a
focus on gaming is the most utilized physiotherapy
modality for stroke survivors in the recent times. The
game actions performed by stroke survivors in the
game-focused stroke rehabilitation interact with game
challenges such as soccer, boxing, athletics, and
others. It can be delivered either through robotic-
assisted (Bustamante Valles et al. 2016; Kim et al.
2015; Nijenhuis et al. 2015; Olafsdottir et al. 2020; Park
et al. 2019; Wolf et al. 2015) or virtual based therapy
(Standen et al. 2017; Wittmann et al. 2016); with the
individual session normally conducted in the form of
home-based exercise. Gamification improves attitudes
towards and enjoyment of exercise and shapes
behavior in terms of increase in exercise activity (Goh
& Razikin 2015).

To date, despite being increasingly used in
physiotherapy, both tele-rehabilitation and game-
focused exercise has never been combined to provide
a new training experience for stroke survivors
undergoing rehabilitation in a home setting. Combining
the two training programs may create a more enriched
environment and yield favourable outcomes. In this
case study, we report the use of a web-based, game-
focused exercise on a 58-year-old post-stroke patient,
who was referred for physiotherapy in a state hospital
of Kelantan, Malaysia. The case study aims to
determine the effects of a web-based, game-focused
exercise conducted in the survivor's home setting on
motivation and quality of life.

THE CASE STUDY

The subject was diagnosed with left cerebrovascular
accident (CVA) and associated right hemiparesis for
three months prior to enrolment into the study. He had
ischemic stroke secondary to uncontrolled hypertension.
There was no other history of other medical conditions
except hypertension. He was prescribed with aspirin and
metoprolol once daily and he is currently on a regular
follow-up for the ischemic stroke. His main functional
problems at the initial physiotherapy session were: (1)
difficulty with high level walking tasks such as ascending
and descending stairs and walking outdoor due to right-
sided weakness and fatigue, and (2) some unsteadiness
during prolonged standing. However, he had never used
or was prescribed any ambulatory aids since diagnosed
with stroke. He claimed that his fitness level has declined
since the stroke onset, and he currently performs once
per week walking exercise for about 20 to 30 minutes per
session in his residential area.

Due to the COVID-19-related Movement Control Order
(MCO) imposed by the government and fear of infection,
he was not keen to attend face-to-face hospital based-
physiotherapy. Thus, as an alternative intervention, we
prescribed a home exercise program for him with the use
of a newly designed web-based game-focused exercise
termed as Checkercise® board (Figure 1). The
Checkercise® board is specifically designed to facilitates
stroke survivors’ recovery and contains exercises in the
form of games similar to the ‘snake and ladder game
board which comprised of fate, competition and reward
elements.

Prior to starting the exercise, his functional status was
screened, and he has shown the ability to: (1) walk
continuously for ten meters independently without a
walking aid, (2) perform basic activities of daily living
such as walking, stepping up and turning without a
walking aid, and (3) hold a glass full of water in the non-
affected hand. He has no other co-morbidities which limit
exercise participation such as orthopedic conditions
resulting in joint deformities. He is slightly overweight,
with a body mass index calculated as 26.3 kg/m?2. His
vision and hearing sensation were normal. He has a
good cognitive function, which is indicated by a Montreal
Cognitive Assessment score of 28.

The subject performed the web-based Checkercise®
board exercises at a metronome pace, two times per
week, under remote monitoring by the researcher (Figure
2 and 3). Exercise adherence and the level of exercise
intensity (e.g. low, moderate, vigorous) were monitored
using practice sessions checklist and Borg Scale Rate of
Perceived Exertion, respectively. Table | shows the
exercise program details which were based on
frequency, intensity, time and type (FITT) principle. The
exercise duration for each task was two minutes
interspersed by two minutes rest with a total of ten
exercises to be performed in each exercise session for
an estimated duration of 40 minutes. All selected
exercises focused on advanced and challenging task-
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oriented activities to trigger automatic responses, divided
attention and multi-tasking ability.

As mentioned earlier, the design of the Checkercise®
board is similar to the ‘snake and ladder’ game board. To
use the Checkercise® board, the subject was first
required to report his pre-exercise vital sign. To 'start’, he
had to roll a dice by pressing ‘dice symbol’ Exercises
performed would depend on where his counter landed on
the board each time the dice was rolled, as each space
shows a different exercise task. There was also a
possibility of being penalized during the training if their
counter landed on ‘penalty spaces’, such as spaces
which indicate ‘slide back a few spaces, and ‘move to a
certain board number. The game-based circuit
exercises were considered completed when his counter
arrived at a space that indicated ‘finish'. Eventually, he
had to report post-exercise rate of perceived exertion
using a Borg Scale after completing each exercise video.

In this case, we decided to focus on two outcomes,
namely motivation level and self-rated quality of life. Two

Figure 1: Some examples of exercises included in the
Checkercise® board

standardized tools

Table I: Description of the web-based game-focused exercise (Checkercise® board)

were used to assess the

Resistance exercise

Balance exercise

Aerobic exercise

Formula
Repeated sit to stand Walking on balance beam Alternate jab
Frequency 2 sessions/week 2 sessions/week 2 sessions/week
Intensity Speed at 50 beats per minute Speed at 30 beats per minute Speed at 100 beats per minute
Time 1 minute 1 minute 1 minute
Technique Alternate seated to standing (without load) Walking on balance beam (follow rhythm) Repeated jab punching (follow rhythm)

Progression

Alternate seated to standing (lifting up 2 kg of
dumbbell)

Tandem walking (follow rhythm)

Repeated double jab punching with
defense (follow rhythm)

Repeated partial squat

Figure of 8 walking

Alternate hook

Frequency 2 sessions/week 2 sessions/week 2 sessions/week

Intensity Speed at 30 beats per minute Speed at 45 beats per minute Speed at 100 beats per minute

Time 1 minute 1 minute 1 minute

Technique Standing, partial squats with arm support as Figure of 8 walking (follow rhythm) Repeated hook punching (follow rhythm)

Progression

needed (without load)

Standing, partial squats with arm support as
needed (Lifting up 2 kg of dumbbell/speed at
50 beats per minute)

Figure of 8 walking while holding cup of water

Repeated alternate hook with kicking
(follow rhythm)

Repeated step up & down

Walking with instruction

Double jab & hook

Frequency 2 sessions/week 2 sessions/week 2 sessions/week
Intensity Speed at 70 beats per minute - Speed at 100 beats per minute
Time 1 minute 1 minute 1 minute
. tanding, alternate steps- n the 8-inch . . . . j i i
Technique Standing, alternate steps-ups on the 8-inches Walking & stop (closed eyes i static standing) Repeated double jab punching with hook

Progression

step (without load)

Standing, alternate steps-ups on the 8 inches
step board (Lifting up 2 kg of dumbbell/speed
at 75 beats per minute)

Walking while sudden change instruction

(follow rhythm)

Repeated double jab punching with hook &
squat (follow rhythm)

Standing; repeated hip raise

Walk & touch cones

Double jab

Frequency 2 sessions/week 2 sessions/week 2 sessions/week

Intensity Speed at 45 beats per minute Speed at 20 beats per minute Speed at 100 beats per minute

Time 1 minute 1 minute 1 minute

Technique Walk & touch cones cuboid shape (follow Repeated double jab punching with

Standing, alternate raises hip (without load)

rhythm)

defense & kick (follow rhythm)

Progression

Standing, alternate raises hip (Lifting up 2 kg
of dumbbell/speed at 50 beats per minute)

Walk & touch cones hexagon shape (follow
rhythm)

Repeated double jab punching with squat
(follow rhythm)

Standing; repeated heel raise

Backward walking

Cross straight

Frequency 2 sessions/week 2 sessions/week 2 sessions/week

Intensity Speed at 70 beats per minute Speed at 45 beats per minute Speed at 100 beats per minute

Time 1 minute 1 minute 1 minute

Technique Repeated cross straight punching (follow

Standing, alternate raises heel (without load)

Backward walking (follow rhythm)

rhythm)

Progression

Standing, alternate raises heel (Lifting up 2
kg of dumbbell/speed at 75 beats per minute)

Backward walking (follow rhythm for 2
minutes)

Repeated 4 times cross straight punching
with squat (follow rhythm)
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Figure 2: Photos of the subject performing web-based
game-focused exercise at home

targeted outcomes, which were Intrinsic Motivation
Inventory (IMI) and Short Form-36 (SF-36) Bahasa
Malaysia version. The inventory consists of four
subscales with a total of 22 questions that were
calculated separately; 1) interest and enjoyment (seven
questions); 2) perceived competence (five questions),
perceived choice (five items) and pressure and tension
(five items). The IMI has an adequate reliability value,
indicated by Cronbach’s a coefficient (ICC = 0.85)
(McAuley et al. 1989). The score ranges from 1 to 7 (1
indicates ‘not at all true’; 4 indicates ‘somewhat true’; 7
indicates ‘very true’) and a higher total score signifies a
higher level of motivation level (high 7.00-4.67; average
4.66-2.34; low 2.33-1.00) except for the pressure and
tension subscale (the lower score the better). As for the
SF-36 Bahasa Malaysia version, the questionnaire
contains eight health state domains (36 questions)

Sila Pilih Skala Kepenatan

9 - Sangat ringan (Very light)

&
o
10 - Sangat ringan (Very light) o
11 - Ringan (Light) o

(o]

12 - Ringan (Light)

Loporan

Figure 3: The web-based game-focused exercise

monitoring platform

namely: (1) physical health component represented by
physical functioning (ten questions), role limitation due
to physical health (four questions) and pain (two
questions), (2) mental health component represented by
social functioning (two questions), role limitation due to
mental problem (three questions) and emotional
wellbeing (five questions), and (3) physical and mental
health component represented by general health (five
questions) and energy/fatigue four questions). The SF-
36 was shown to have moderate to high test-retest
reliability in stroke survivors (0.57 < ICC < 0.8) (Dorman
et al. 1998) and adequate to good correlation with the
EuroQol (r = 0.66), EuroQol-5 Dimensions (EQ-5D) (r =
0.68) (Katona et al. 2015) and Health Related Quality of
Life in Stroke Patient (0.47 < r < 0.79) (Ojo Owolabi
2010). The total score ranges from 0 to 100, with higher
scores indicating a better quality of life.

Table Il: Changes in all outcomes post-intervention (week 8)

Measures Baseline Week 8 Changes

Short Form-36

a. Physical component 38.3 49.2 29%
b. Mental component 43.7 70 60%
c. Overall 55 70 27%
Intrinsic Motivation Inventory

1. Interest/enjoyment 4.6 6.5 41%
2. Perceived competence 4.6 6.4 39%
3. Perceived choice 4.4 5.2 18%
4. Pressure/tension 3.6 2.8 22%

At the start of the intervention, the subject’s general
score of IMI indicated that he has an average level of
motivation, in the subscales of interest/enjoyment
(4.6/7), perceived competence (4.6/7) and perceived
choice (4.4/7). He scored 3.6/7 in the pressure/tension
subscale, indicating moderate stress level. On the SF-36
assessment, his physical and mental component scores
were only 38.3 and 43.7 out of 100, respectively with an
overall score of 55. Through the trial, the subject was
able to perform all 16 web-based sessions with a 100%
attendance rate. He reported no complains of any
adverse effects between or after each exercise session.
The subject perceived the web-based application as
easy to use and provided interesting experience, which
helped him adhere to his exercise therapy. After eight
weeks of intervention, the subject showed improvement
in overall motivation level by 30%, with a significant
increase in the score of interest/enjoyment (6.5/7),
perceived competence (6.4/7), and perceived choice
(5.2/7) subscales, with a change of 1.9 points, 1.8 points
and 0.8 points, respectively, in these subscales. Further,
the subject felt less pressure/tension with a 22%
reduction in the score of this subscale. Increment in
physical and mental component of SF-36 by 29% and
60% was also found, with his overall score perceived as
70 out of 100 at week 8 of exercise. The subject’s
changes in all outcomes post-intervention are shown in
Table 1.
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DISCUSSION

The purpose of this case study was to evaluate
changes in motivation level and quality of life of a stroke
survivor following a web-based game-focused exercise
using a Checkercise® board. Due to the unavailability
of similar combined training interventions in previous
studies, we cannot compare our results directly with
past research. However, we will discuss our findings
with reference to studies with similar training
components.

We found improvement in our subjects’ motivation
level, as indicated by favourable changes in all IMI
subscales score following the web-based exercise
using Checkercise®. This finding is consistent with the
results of 21 chronic stroke survivors in an earlier study
by Nijenhuis and co-researchers (2015) following
virtual reality-based therapy for six weeks. Similar to
us, the researchers used IMI as the outcome measure
for motivation level. Our study findings also support the
findings of another study (Yeh et al. 2011) which
demonstrated positive improvement in motivation level
among individuals with stroke, traumatic brain injury
and spinal cord injury, assessed using the Brunel Mood
Scale. They pointed out that a video conferencing was
beneficial in improving balance among 14 participants
who enrolled in the study. Chemtob and colleagues
(2019) likewise reported improvement in the motivation
level of 24 individuals with spinal cord measured using
the Treatment Self-Regulation Questionnaire after one
hour of weekly tele-rehabilitation session using video
conferencing for eight weeks compared to a standard
routine.

We believe that the improvement in our subject’s IMI
score was partly contributed by the interesting and
enriched exercise environment induced by the game-
focused exercise. Each exercise task in the
Checkercise® board offers a rather challenging
experience as subject needs to response to
multisensory stimuli and cueing, cognitive stimuli, and
perform various limb integration movements to
optimize neurology recovery potentials
(Nithianantharajah & Hannan 2006). Training in such
an enriched environment can promote neuroplasticity
(Livingston-Thomas et al. 2016) and facilitate
personalized motivation and cease stress and anxiety
among stroke survivors (Hordacre et al. 2016;
Rosbergen et al. 2017).

We also found that our subject exhibited an
improvement in the better quality of life as measured
using a SF-36 following the eight-week intervention.
Corroborating our findings, Wu and colleagues (2020)
described results after a tele-stroke rehabilitation using
web-based video conferencing designed for 61
community-dwelling stroke survivors for a 12-week
period compared to a telephone- based program. They
detected a significantly greater improvement in quality
of life, measured using a Stroke Specific Quality of Life

scale. In another randomized controlled trial in the United
States, Forducey and colleagues (2012) evaluated the
effects of a 6-week telephone-based education on 32
subacute and chronic stroke survivors compared to the
usual face-to-face session. They reported that the
telephone-based education resulted in improved quality
of life, which was assessed using a Short Form-12
quality of life questionnaire.

The element of enriched exercise environment could
also be a factor affecting stroke survivors’ activity
engagement in rehabilitation sessions (Janssen et al.
2014). It has also been found that significant
improvements in functional and cognitive ability were
gained following enriched training environment and
sustained up to three to six months post-intervention
(Khan et al. 2016; Rosbergen et al. 2017). As functional
and cognitive ability are pre-requisite to satisfactory
quality of life, these could explain the positive change in
the score of SF-36 in our subject. Active participation of
our stroke survivor in the web-based Checkercise®
program may have also enhanced his self-management
ability. Self-management ability significantly influences
goal setting and achievement for self-management
behaviour, emotional state and functional mobility
(Hwang et al. 2021). We believe that with the increased
in self-management ability, our subjects are more
efficient in his daily activities, hence improved sense of
general state and perceived quality of life (French et al.
2016).

Our study is subjected to one main limitation. As a case
study, its findings could not represent or be applicable to
any other stroke patients. A stroke patient with different
socio-demography and medical backgrounds may
respond differently to the web-based game-focused
intervention. However, our study has somehow
demonstrated that a carefully selected stroke survivor
could be effectively trained to use of a web-based
exercise application and successfully completed a
challenging, enriched exercise program with a minimal
remote supervision. Web-based exercise using the
Checkercise® board could be performed as a daily
routine in the home environment without professional
supervision, especially for those who may have difficulty
receiving rehabilitation at the centre for various reasons.
This advanced therapy is suitable among stroke
survivors with higher-functionality level in regaining their
pre-morbid life state.

CONCLUSION

We demonstrated that a web-based, game-focused
exercise using the Checkercise® board is beneficial in
enhancing post-stroke motivation level and quality of life
and may be considered a therapy option for stroke
survivors during the COVID-19 pandemic time.
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