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ABSTRACT

Background : Mirror therapy (MT) has been shown to improve upper extremity function
in stroke rehabilitation. In MT, engaging patients in meaningful therapeutic exercise
determines patients’ motivations and further the effectiveness of a rehabilitation pro-
gram. The purpose of this study was to explore tasks that effectively enhance patient
engagement in MT. Five participants with clinical and industrial design background
were recruited to perform brainstorming activities for generating MT task ideas. All
task ideas were evaluated by two rehabilitation specialists on the applicability based
on the current MT protocol. Four task ideas (out of 74) were chosen by the two speci-
alists and design recommendations were made for improving their feasibilities in MT.
These ideas were: filling the blank with stamping tools (on magnetic board), spelling
words with wooden letter dice, making patterns with black/white cubes, and making
3D shapes with clay. After identifying the potential task ideas, fifteen participants were
recruited to assess the four developed MT tasks as well as five most-mentioned MT
tasks in the literature using the User Engagement Scale (Short Form). One-way repea-
ted measures ANOVA and pairwise comparisons were then conducted on participants’
rating scores. Results showed that participants’ rating scores for “filling the blank with
stamping tools (on magnetic board)” as well as “making 3D shapes with clay” were
significantly higher than those of five conventional MT tasks. The outcomes of the
study benefit the communities of occupational therapy in the design of MT tasks.
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INTRODUCTION

Stroke is one of the leading causes of disability (Warlow et al., 2011). About
60% of stroke survivors experienced hemiparesis, which is the affection of
face, upper extremity, or lower extremity movements (O’Dell, Lin, & Har-
rison, 2009). The limitations of upper extremity function were the most
common symptom, and more than 50% of stroke survivors still have not
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fully recovered upper extremity motor function after four years (Lawre-
nce et al., 2001; Pollock et al., 2014). Many interventions and techniques
were developed to improve the upper extremity function, such as repetitive
task training, constraint induced movement therapy (CIMT), mirror therapy
(MT), electrical stimulation, and transcranial magnetic stimulation (TMS)
(Pollock et al., 2014).MT is less expensive and requires less therapist involve-
ment compared with other therapy, which makes it possible to use it at home.
Other treatments, such as repetitive task training and TMS, are more expen-
sive, labor-intensive, and require lots of interactionwith the therapist, making
them unavailable for large-scale use. Therefore, mirror therapy is recommen-
ded as a suitable alternative therapy in stroke rehabilitation (Nogueira et al.,
2021; Wu, Huang, Chen, Lin, & Yang, 2013).

MT uses the mirror reflection of the unaffected side to stimulate the brain.
Patients cover the affected side with a mirror and watch the movements of
the unaffected side in the mirror while imaging the reflection is their affe-
cted extremity before stroke (Deconinck et al., 2015; Nogueira et al., 2021).
Several theories have been proposed to investigate MT. One of the theories
suggests that paralysis after stroke is caused by learned non-use of the affe-
cted side, and MT helps patients forget what they learned. Another theory
suggests mirror illusion activated the mirror neuron system to induce corti-
cal reorganization in the affected side of the brain (Nogueira et al., 2021).
Studies have found that MT improves upper and lower extremity function,
enhances activities of daily living, increases sensory recovery in stroke pati-
ents (Arya, Pandian, Kumar, & Puri, 2015; Deconinck et al., 2015). There
are two types of tasks in MT: movement-based MT(MMT) and task-based
MT(TMT).MMT uses hand to do simple movements, including finger exten-
sion/flexion, wrist ulnar/radial deviation. TMT uses hand and objects for
goal-oriented tasks, such as: stacking blocks, wiping table with towel. (Bei,
Zhang, Zhang, Shu, & Niu, 2019). Research on the effects of MMT and
TMT on upper extremity rehabilitation are still inconclusive, but task-based
actions seem to be more effective than simple movements. This may be due to
the greater response of mirror neurons to object-directed actions than non-
object actions associated with mirror therapy (Arya et al., 2015; Bei et al.,
2019; Yoo et al., 2013).

Although MT has positive effects on function recovery, patients often
complain feeling bored and have low engagement during treatment (Horne
et al., 2015; Lee, Cho, & Song, 2012). Engagement, which reduces relu-
ctance in rehabilitation, has been suggested to be one of the influencing
factors in long-term rehabilitation of stroke patients (Yao et al., 2017). Stu-
dies found lower engagement is related to poorer rehabilitation effectiveness.
Conversely, patients’ higher engagement promotes therapeutic effects, such
as cortical plasticity and recovery of extremity functions (Horton, Howell,
Humby, & Ross, 2011; Li, Rusak, Horvath, & Ji, 2016; Williams, Rap-
port, Hanks, & Parker, 2021). Numerous studies have attempted to increase
engagement to avoid patient boredom with repetitive movement in stroke
rehabilitation (Li, Rusak, Horvath, Kooijman, & Ji, 2017). For example,
Charles, Holmes, Charles, and McDonough (2020) suggest that applying
VR in rehabilitation can provide high-intensity and meaningful repetitive
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exercises. It can prevent patients from feeling bored and reduce nonparti-
cipation in upper extremity training. Randriambelonoro et al. (2020) found
that patients considered serious games combined with lower extremity reh-
abilitation to be fun, improve confidence, and have positive impact on
extremity function similar to conventional training. Segal, Lesak, Silverman,
and Petruska (2020) demonstrated that using the Gesture-Controlled Rehabi-
litation Robot increased patient engagement, and the number of wrist motion
repetitions per minute was twice as high as the number in functional task
training.

Studies found that higher engagement enables better therapeutic outcomes,
thus improving extremity function and prevented nonparticipation among
the patients. However, the ways to improve patient engagement in MT has
not been well studied. (Wu et al., 2013; Kim, Lee, Kim, Lee, & Kim, 2016).
The aim of this study was to investigate potential tasks that were able to
enhance engagement in TMT. The major contribution of this study is that
it inspires occupational therapists in developing effective MT tasks and exe-
rcises. In addition, the outcomes of this study also benefit stroke patients in
reducing boredom during MT.

METHOD

Participants

Purposeful sampling was employed to recruit participants. The sampling cri-
terion was that participants had to have clinical research experiences. To this
end, five participants (three females and two males, aged 21-26) with clinical
and/or industrial design background participated in this study and performed
brainstorming activities to generate task ideas for MT.

The task ideas were evaluated by two rehabilitation specialists (with real
world experiences interacting with stroke patients) on their applicability in
current MT protocol. After the tasks were selected and modified to satisfy
the therapeutic requirements of MT, fifteen participants (seven females and
eight males, aged 21-29) were recruited and used the User Engagement Scale
- Short Form (UES-SF) to assess four developed MT and five conventional
tasks. The conventional tasks were the most mentioned TMT tasks addressed
in Nogueira et al. (2021). They were: (1) plugging and unplugging pegbo-
ards; (2) turning/grasping/moving blocks; (3) grasping/releasing a soft ball;
(4) flipping cards, and (5) drinking/pouring water with a cup.

Procedure

Phase A: This study started with brainstorming to generate MT task ideas.
Brainstorming is one of the most widely used methods (Daly, Seifert, Yilmaz,
& Gonzalez, 2016; Putman & Paulus, 2009) to generate a large number of
ideas. Our recruited participants were instructed with the purposes of this
study, MT, and patients’ complaints of MT tasks/exercises. Participants were
then encouraged to generate wild ideas that had potentials to enhance patient
engagement. The aim of this phase is quantity rather than quality.
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The requirements for the task and exercise employed in MT were provi-
ded to the participants and were shown as follows: a) the patients must do
the task alone; b) the task must be done with one hand; c) patients do not
get bored easily. After the instructions, participants performed brainstorm
activities for 50 minutes according to their provided MT tasks. In this study,
five conventionalMT tasks were evenly distributed to every participant as the
starting point for brainstorming task ideas. Every participant had to generate
three ideas in 10 minutes after seeing the provided MT task. After finish-
ing the work, every participant had to pass his/her three ideas to the next
participant. The next participant then had to generate three ideas based on
the idea he/she saw. Our study went through five rounds of the pass-along
brainstorming activities.

Phase B: In this session, all task ideas were assessed by two rehabilitation
specialists (with real world experiences interacting with stroke patients) on
the applicability based on the current MT protocol. The assessment criteria
followed the ones suggested by Lohse et al. (2013) and Timmermans, Spoo-
ren, Kingma, and Seelen (2010). The purpose was to screen out the tasks that
had low possibilities of engaging patients in MT. The screening criteria were
as follows: (1) requiring both hands to complete the task in front of the mir-
ror; (2) easy to feel bored in long-term use; (3) tasks involving a higher level of
repeated movements; (4) tasks requiring the assistance of another person; (5)
the range of hand movements in the task exceeding the size of the mirror; (6)
tasks not achieving any functional goal or enhancing patients’ physical capa-
bilities (e.g., grasping or holding objects); (7) high risks in performing the
task; (8) physical movements in the task not related with daily life; (9) tool-
s/equipment used for the task made with uncommon materials; (10) using a
bigger number of/complicated tools/equipment for completing the task; (11)
tasks requiring patients paying more attention on physical tools/equipment
rather than those in the mirror; (12) tasks demanding higher physical efforts
from the patients.

After screening out infeasible task ideas, two rehabilitation specialists
made design recommendations on the remaining task ideas to improve their
applicability.

Phase C: In this session, the UES-SF was used to assess the level of pati-
ent engagement on the nine MT tasks, including the refined tasks and five
conventional MT tasks. The question items used for the assessment are: (1)
The time I spent in performing the task just slipped away; (2) I felt frustra-
ted while performing the task in mirror therapy; (3) Performing the task in
mirror therapy was worthwhile; (4) I lost myself in performing the task; (5)
Performing the task was taxing; (6) I felt interested in performing the task; (7)
Performing the task in mirror therapy was rewarding; (8) I found performing
the task confusing to use in mirror therapy; (9) I feel absorbed in performing
the task.

Participants were recruited through the social network of the researchers
in this study. The assessment was done individually on the laptop. The time to
complete the assessment was not restricted. All participants were encouraged
to ask any questions during the assessment.
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UES-SF has been demonstrated good reliability and validity (O’Brien,
Cairns, & Hall, 2018). UES-SF has twelve question items, each with five
response categories (from one to five, strongly disagree to strongly agree). The
questions address the following constructs: aesthetic appeal, focused atten-
tion, perceived usability, and reward. In this study, questions related with
aesthetic appeal were not included as most MT boxes look very similar.

RESULTS AND DISCUSSION

Seventy-four task ideas were generated from the brainstorming activities (one
participant generating only two tasks ideas in the last round). Four task ideas
were chosen by the rehabilitation specialists that best satisfied the requi-
rements of MT and our idea screening criteria. The four MT tasks were
modified based on the recommendations of the specialists. The tasks and
the descriptions are shown in Table 1.

Table 2 shows the means and the standard deviations of the rating sco-
res by fifteen participants on the four developed MT tasks as well as five
conventional MT tasks. From Table 2, in general, all MT tasks developed
from this study performed better in user engagement (the lowest mean rating
score >3.5) than the conventional tasks (all mean rating scores between 3 and
3.5). Results of one-way repeated measures ANOVA indicated that there are
significant differences among the nine tasks on the level of patient engage-
ment (F(8, 128)=14.439, p<0.001). Results of the pairwise comparisons (with
the Bonferroni adjustment) on the mean ratings of user engagement are also
shown in Table 2. The mean differences that had statistical significance were
marked with asterisk(s).

In addition, from Table 2, participants’ mean rating score for “filling the
blank with stamping tools (on magnetic board)”was significantly higher than
those of “plugging/unplugging pegboards” (p<0.001), “turning/grasping/mo-
ving blocks” (p<0.001), “grasping/releasing a soft ball” (p<0.001), “flipping
cards” (p<0.001), and “drinking/pouring water with a cup” (p<0.001). Simi-
larly, participants’ mean rating score for “creating 3D shapes with clay”
was significantly higher than those of “plugging/unplugging pegboards”
(p<0.001), “turning/grasping/moving blocks” (p<0.001), “grasping/releasing
a soft ball” (p<0.001), “flipping cards” (p<0.001), and “drinking/pouring
water with a cup” (p<0.001). Furthermore, participants’ mean rating score
for “spelling words with wooden letter dice” was significantly higher than
that of “flipping cards” (p<0.05).

In this study, our developed task “making patterns with black/white cubes”
did not significantly receive higher ratings than those of the conventional
tasks. One possible reason (from the feedback of some participants after the
assessment) was that the task required higher mental workload, making the
participants feeling tired easily. Regarding another MT task developed from
this study, i.e., “spelling words with wooden letter dice,” its rating scores
among the participants did not seem to be significantly superior than those
of most other tasks. The mean rating was only significantly higher than that
of “flipping cards.” One possible reason was that spelling words requires
English literacy, thus reducing patients’ engagement.
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Table 1. The developed MT tasks and task descriptions from this study.

Task Description Picture

Filling the blank
with stamping
tools (on
magnetic board)

Equipment: A magnetic drawing board
with a pen and stamps with different
shapes. The pen and the stamps are
attached to the board with wires to avoid
loss.
Instructions: Use a pen/stamp to fill the
white blank area. In each day, select a
different tool. During the task, look at the
mirror (rather than looking at the board)
to complete the task. Make each stamp as
close as possible without overlapping.

Spelling words
with wooden
letter dice

Equipment: (1) Four wooden dice/cubes
(each side showing the reflection of a
letter in the mirror). For example, if an
user wants to see letter b in the mirror,
the top side of a cube has to have letter
“d”; (2) A rectangular cube holder allows
users to make words from letters. The
holder can be used to store the dice/cubes
in the environment; (3) A mobile
application or a booklet containing pages
of fun stories with pictures.
Instructions: Look into the mirror and
roll the dice to make the words,
sentences, and stories shown on the
booklet/mobile application. Complete
one story per day.

Making patterns
with black/white
cubes

Equipment: (1) Five dice with
black/white squares on each side; (2) A
mobile application or a booklet
containing pages of differing image
patterns formed by five dice.
Instructions: Look into the mirror. Roll
the dice to make the image patterns
shown on the mobile application/booklet
in each day. The image patterns to be
made are different from Monday to
Sunday.

Creating 3D
shapes with clay

Equipment: A stick bar holding clay ()(2)
A mobile application or a booklet
containing pages of differing 3D shapes.
Instructions: Look into the mirror. Use
the clay on the bar to make 3D shapes
according to the image shown on the
mobile application or booklet daily.
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There are two limitations in this study. One was that we only looked at
the variable “engagement.” The actual rehabilitation effects of our developed
tasks require further investigations. The other limitation was that the ratings
on patient engagement were based on participants’ subjective conjectures.
Feedback from real stroke patients are expected in future studies.

CONCLUSION

The purpose of this study was to develop tasks and exercises for MT that
enhanced patient engagement. Brainstorming activities were performed that
generated a total of 74 task ideas. The task ideas were screened by two rehabi-
litation specialists. The remaining four ideas were further modified to satisfy
the therapeutic requirements of the current MT protocol. The developed MT
tasks were then assessed by 15 participants who have experiences on clinical
research in respect to patient engagement using the UES-SF. The outcomes
suggested that “filling the blank with stamping tools (on magnetic board)”
as well as “making 3D shapes with clay”were superior than the conventional
MT tasks in engaging patients in MT and had the potential to be adopted in
current stroke rehabilitation. Results of this study seemed to reveal that TMT
performed better than conventional MMT in engaging patients in their reha-
bilitation. Such outcomes deserve further investigations and clinical evidence
for verifications.
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