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Abstract

In a program we developed called “Let’s keep wiping to draw pictures!”, projected graphic images
change according to rehabilitation movements for upper limbs, and the levels of exercise amount
and quality of movement achieved by patients are reflected in the outcome of the artwork as
feedback. At a rehabilitation hospital, inpatients who used the program to perform rehabilitation
exercises showed higher levels of satisfaction and expectation in the exercises, and performed
simple and repetitive movements more willingly. The program can expect to maintain motivation
towards rehabilitation.
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1. Introduction

Sustaining patient motivation to perform simple and repetitive exercises is a problem in rehabilitation
aimed at the recovery of physical function. The outcome of recovery-phase rehabilitation work on
stroke patients is improved by measures such as feeding back specific evaluation results, improving
mood disorders, and providing social support. A study investigating the relationship between
motivation and physical functions, psychological/mental aspects, social aspects, and the quality of life,
has shown that motivation is related to daily life ability, independence, good communication skills,
mood, and vitality (Kitaji et al., 2013).

In recent years, game-based rehabilitation devices have become available. Previous studies suggesting
rehabilitation devices using game images have been shown to be effective in rehabilitation of
hemiplegic stroke patients or fingers (Norma et al., 2016, Noveletto et al., 2018). Another previous
studies reported rehabilitation effects using VR devices. In the VR rehabilitation, we can experience
the real environment or play games (Borrego et al., 2017, Juras et al., 2018).

Previous studies of “Let’s draw fireworks!” and “Let’s draw jellyfish!” programs that make art works
by touching a computer touch panel and squeezing a rubber air pump showed effects of improved mood
and rehabilitation assistance (Yoshioka, 2015a, 2015b, 2016). These previous programs are expected to
help maintain patients’ motivation towards performing simple and repetitive rehabilitation exercises
through the psychological effects of art, which occur when patients interact with art and the human
senses are stimulated as a result of the interaction, and through the creative work of art making. Based on
the previous studies, we developed the “Let’s stand up and draw art in the sky!” program which included
sitting-down and standing-up movements for rehabilitation. This program uses a Virtual Reality head
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mounted display. It connects rehabilitation exercises with the interactive image change, reflecting the
level of rehabilitation exercise achieved in the resulting artwork as feedback (patented, Figure 1).

Display when sitting down Display when standing up
Figure 1. “Let’s stand up and draw art in the sky!” program

Psychological evaluations conducted on university students who performed squat exercises with and
without the “Let’s stand up and draw art in the sky!” program showed an increase in the students’
levels of pleasure and vitality when they used the program. The participants gained comfortable and
positive feelings by performing squat exercises with the program (Yoshioka, 2017, 2018a). In
addition, our research results in a recovery-phase rehabilitation hospital indicate that the “Let’s stand
up and draw art in the sky!” program can help patients to maintain their motivation and to become
actively involved in performing simple and repetitive rehabilitation exercises, thereby promoting
recovery of physical function (Yoshioka, 2018b, 2019). Our new approach differs from other
approaches using game machines (Norma et al., 2016, Noveletto et al., 2018) or experiencing virtual
environments by VR (Borrego et al., 2017, Juras et al., 2018) in that the program maintains motivation
through a combination of interactive image changes and creative activity, and promotes
communication through the artwork produced as a result of rehabilitation exercises.

On the basis of our previous studies, the present study focused on a rehabilitation exercise known as
sanding, and developed a program called “Let’s keep wiping to draw pictures!” in which a projected
image changes interactively according to the rehabilitative motion of flexing and extending the upper
limbs. The aim of this study is to maintain patients’ motivation towards performing simple and
repetitive rehabilitation exercises, and thereby promote the recovery of physical function.

2. Significance of sanding exercises for rehabilitation

Sanding is a rehabilitation exercise involving flection and extension of the upper limbs, which is
attained by sliding a hand-held board or towel in various directions on a horizontal or inclined tabletop
(sanding board). Sanding exercises are used in various rehabilitation processes to improve functional
disorders such as movement paralysis due to stroke, with the aim of recovering the function of
paralyzed hands, strengthening upper limb muscles and improving joint movement.

3. “Let’s keep wiping to draw pictures!” program (patented)

12

In the “Let’s keep wiping to draw pictures!” program, an ultra-short focus projector (Epson EB-585W)
and an input device (Web camera) are installed on the sanding board, and the image projected on the
table changes gradually with the sanding motion until a graphic image is completed (patented, see
Figure 2)

The program sets a target number of sanding movements (the maximum amount of exercise), and
projects image pieces sequentially according to the number of movements (exercise amount) achieved,
until the completion of a graphic image, when the target is met. At the beginning of the program, the
start and end points of upper limb movement (a target distance of upper limb movement) are measured
with a Web camera, and are established as a criterion for evaluation.
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Figure 2. “Let’s keep wiping to draw pictures!” program device (patented)

The level of achievement of the upper limb movement distance (the quality of movement) during the
program is evaluated against the criterion, and fed back to the patient as reflected in the quality of the
image projected on the table (e.g., resolution, number of colors, and drawing method) (Figure 3). The
program also involves a creative element: after the end of the rehabilitation exercises, the graphic image
created in relation to the levels of exercise amount and quality of movement achieved by the patient can
be printed out on a postcard-sized piece of paper and taken home as a memento of the exercises
performed. Reflecting the achievement levels of exercise amount and quality of movement in the
resulting artwork, in terms of differences in the image, can improve the patient’s motivation towards
rehabilitation.

The achievement levels of quality of movement and exercise amount in the rehabilitation program are
reflected in the outcome of the artwork as feedback (patented).

Figure 3. Projected image (example of completed artwork)
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4. Formatting requirements: Clinical experiment involving
rehabilitation using the “Let’s keep wiping to draw pictures!”
program

4.1. Methods

A clinical experiment using the “Let’s keep wiping to draw pictures!” program was conducted on 36
inpatients in a recovery-phase rehabilitation hospital, who needed to undergo rehabilitation for post-
stroke hemiplegia or fractures. Rehabilitation was conducted once a day for 10 min, for 2 weeks (5
sessions a week excluding Saturdays and Sundays; 10 sessions in total). Among the patients who
participated in the experiment, 15 performed exercises using the program and 21 performed the
same exercises without using the program. In a recovery-phase rehabilitation hospital, intensive
rehabilitation is conducted to recover patients’ reduced capability; the patients are in a recovery
phase (one to two months after onset), with their medical condition having begun to stabilize after
surgery for cerebrovascular disorder or fracture as an acute phase treatment.

Strokes are often followed by depressive symptoms, and the influence of such symptoms makes it
difficult to conduct psychological assessments using methods such as TDMS-ST and POMS. We
therefore instead evaluated the patients’ satisfaction and expectation levels in working on
rehabilitation, on a seven-point scale. The satisfaction levels were: very satisfied, satisfied, rather
satisfied, neutral, rather unsatisfied, unsatisfied, and very unsatisfied; and the expectation levels
were very good expectation, good expectation, rather good expectation, neutral, rather poor
expectation, poor expectation, and very poor expectation; each with corresponding scores of 7 to 1,
respectively.

Since functional recovery is more likely to occur as the number of rehabilitation movements
increases, we also recorded the number of rehabilitation movements performed by each patient in 10
minutes. In addition, a graphic image reflecting the level of rehabilitation movement achieved by
each patient was printed out on a postcard, and the patients took the printed image home as the
outcome of the exercises. After the tenth rehabilitation session, we conducted a questionnaire survey
to let the participants comment freely on the printed postcard.

4.2. Results

In assessing the patients’ satisfaction and expectation in working on rehabilitation, verification was
conducted using a three-factor two-level analysis of variance, and no significant differences were
found in multiple comparisons between the presence and absence of the program, between the first
and tenth sessions of rehabilitation, and between before and after rehabilitation exercises (Figures. 4
and 5). However, when rehabilitation exercises were performed without the program, the level of
satisfaction decreased after exercising in both the first and tenth sessions; and when rehabilitation
exercises were performed with the program, the level of satisfaction increased after exercising in
both the first and tenth sessions. Furthermore, when rehabilitation exercises were performed without
the program, the level of expectation after exercising became lower in the tenth session than in the
first session; but when rehabilitation exercises were performed with the program, the level of
expectation after exercising was higher in the tenth session than in the first session. Finally, the
levels of satisfaction and expectation were higher when the program was used than when not used
on all four before/after occasions: before and after the first rehabilitation session, and before and
after the tenth session.

Figure 6 shows the progression in the average number of movements performed by the patients
during each 10-min rehabilitation session. For the patients without the program, the average number
of movements was the greatest in the fifth rehabilitation session, decreased in the sixth and seventh
sessions, and then slightly fluctuated until the tenth session. For the patients with the program, the
average number of movements increased from the first to fourth sessions, slightly fluctuated in the
fifth to ninth sessions, and then became the greatest in the tenth session.
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Figure 4. Comparison of average “Satisfaction” ratings in rehabilitation
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Figure 5. Comparison of average “Expectation” ratings in rehabilitation
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Figure 6. Change in the average number of arm flection and extension movements
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A graphic image reflecting the levels of exercise amount and quality of movement achieved by each
patient was printed out on a postcard. In a questionnaire survey regarding the postcard, many patients
responded positively; among the responses: “I find delight in seeing my postcard after performing
rehabilitation exercises”; “l was satisfied to see the final image created”; “I have delight in seeing a
postcard created as a result of my performing exercises”; “It was worth my effort/time”; “As the
postcard is a reward for what I earnestly performed, I will buy a frame, put the postcard in it, and
display it in my room”; “As it is fun to draw an image with great concentration, I will keep the
postcard in a safe place”; “I find pleasure in seeing the outcome of my effort as an artwork™; “T will
send this postcard to a friend”; “I will keep this postcard as a memory”. On the other hand, only two
patients felt they were unnecessary and did not print the images.

4.3. Discussion

At the recovery-phase rehabilitation hospital, patients who used the “Let’s keep wiping to draw
pictures!” program to perform sanding movements for rehabilitation showed higher levels of
satisfaction and expectation, compared with patients who did not use the program. Among the patients
who used the program, the levels of satisfaction and expectation were higher even before conducting
the first and tenth rehabilitation sessions. This may reflect the patients’ high expectations for
conducting exercises in an unusual setting (in front of a sanding board on which a projector and a Web
camera were installed, rather than before a plain sanding board). Among the patients in the program,
the expected levels after the tenth rehabilitation session showed a tendency to be higher than after the
first session. We therefore expect that the use of the program will encourage patients to actively
engage in simple and repetitive rehabilitation exercises over a long period of time. Nevertheless, no
significant differences were found in the statistical analysis, and further studies with extended
implementation periods are necessary.

The average number of rehabilitation movements performed by the patients in the program slightly
increased or decreased over a short time, but showed a general trend of gradual increase when
exercises were continued over a longer period. These results suggest that continuous use of the
program over a long period may lead to better recovery of physical function; an assumption which
nonetheless should be verified in the future. On the other hand, the average number of movements by
patients in the program was less than that of patients not in the program in all the sessions except the
fourth. As the “Let’s keep wiping to draw pictures!” program aims at practical rehabilitation, each
exercise set is designed to involve 50 or 100 movements, and a new evaluation criterion must be
established each time a given set is completed. The fact that the setup time was included in the
experiment time may have affected the results obtained for those in the program. For a future clinical
experiment, we must develop a program that can be conducted continuously throughout the time
allocated for the experiment, or must deduct the setup time from the total experiment time in
investigating the number of movements.

Regarding the printed postcard, many patients answered that the postcard led to enjoyment and
satisfaction in working on rehabilitation. It would appear that the postcard, as a memento of the
exercises performed, with its graphical image reflecting the achieved levels of exercise amount and
quality of movement, contributes to maintaining the patients’ motivation towards rehabilitation.
Overall, the results of clinical experimentation suggest that the “Let’s keep wiping to draw pictures!”
program can be used for sanding exercises to help patients’ actively work on rehabilitation for the
recovery of physical function.

5. Conclusion

We have developed the “Let’s keep wiping to draw pictures!” program, which is used for sanding
exercises involving flection and extension of the upper limbs. In this program, a graphic image
projected on a table changes according to rehabilitation movements, and the levels of exercise amount
and quality of movement achieved by patients are reflected in the outcome of the artwork as feedback.
The program allows patients to work on rehabilitation while confirming the quality of movement and
the exercise amount through the projected graphic image.
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At a recovery-phase rehabilitation hospital, inpatients who used the “Let’s keep wiping to draw
pictures!” program to perform rehabilitation exercises showed higher levels of satisfaction and
expectation in the exercises, and performed simple and repetitive movements more willingly,
compared with patients who did not use the program. The results suggest positive effects from the
program, which reflects in the graphic image, as feedback, the achievement levels of quality of
movement and exercise amount. Moreover, the level of expectation increased and the number of
exercises gradually increased when rehabilitation exercises using the program were performed over a
longer period. In the future, we plan to verify the effects of the program with extended implementation
periods. A printed postcard with a graphic image may be provided to patients, after performing the
exercises, only when they wish to have one; this option is generally expected to have the effect of
creating motivation, such as enjoyment and satisfaction in working on rehabilitation.

The results of the clinical experiment suggest that the “Let’s keep wiping to draw pictures!” program,
which informs patients of their achievement levels of exercise amount and quality of movement as
feedback, can be used in exercises involving flection and extension of the upper limbs, to maintain
patients’ motivation towards rehabilitation, and thereby promote the recovery of physical function.
This research was conducted with the approval of the Research Ethics Committee of Meisei
University and the Research Ethics Committee of Fujita Health University Nanakuri Memorial
Hospital.

Kiyomi Yoshioka (Meisei University) is the author of the patents related to the “Let’s stand up and
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