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The current home-based hand rehabilitation device has issues with functionality and
usability, causing patients to discontinue its use and, consequently, waste resources. In this
study, we aimed at exploring users’ needs and requirements for home-based hand rehabilitation
devices, as well as identifying deficiencies in their development and design. We employed a
qualitative research method, utilizing semistructured interviews and task observations, to
investigate the perspectives and perceptions of individuals regarding user needs for hand
rehabilitation devices at home. Our sample comprised 12 hemiplegic patients, 6 caregivers, and
10 occupational therapists. We conducted a contextual data coding analysis using the software
NVivo 12.0, where we identified six categories of codes that represent user needs for robotic
hand rehabilitation devices in home therapy: fundamental needs, ergonomic needs, emotional
needs, accomplishment needs, policy support needs, and safety needs. These codes were
subsequently translated into specific requirements. User feedback was used to prioritize the
importance of limit protection control as the primary requirement, and emphasis was placed on
the role of gamification in motivating individuals to actively participate in the rehabilitation
process. The results of this study revealed user needs and requirements that can aid the
development of design ideas for home-based hand rehabilitation devices.

1. Introduction

Home-based rehabilitation (HBR) can help enhance the quality of life and emotional support
from family for hemiparetic post-stroke patients. However, more than 65% of post-stroke
patients in Taiwan undergo rehabilitation through outpatient clinics, with the rate of HBR only
being approximately 21%.() Such outpatient rehabilitation programs involve significant medical
resource requirements, time costs, and other expenses.® In particular, the COVID-19 pandemic
and its sequelae have led to a scarcity of medical resources and increased risk of infection for
stroke patients visiting hospitals for outpatient rehabilitation. In contrast to outpatient
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rehabilitation, HBR not only improves functional parameters and physical fitness, but residing in
a familiar environment with family also positively affects the emotional state.G-%

Hand robot-assisted therapy for post-stroke home rehabilitation has been gaining traction and
has greatly developed in recent years. The robotic hand rehabilitation device uses mechanical
and electronic components to train and restore hand function. Furthermore, robotic therapy for
post-stroke rehabilitation provides high intensity, high repetition, and task specificity, while
decreasing medical cost and the workload of physiotherapists.5~7) However, the current robotic
hand rehabilitation device has functional and usability issues, such as being unable to help
patients perform daily activities, not fitting the patient’s hand size, a complex setup procedure,
and being heavy and space-consuming.®-10 These issues may cause the patient to give up on its
use, which hinders rehabilitation, and wastes resources.

Assistive products abandoned because of the demands of users are rarely considered during
the design and development phases. Most rehabilitation equipment is technology driven rather
than user driven, causing problems of accessibility and usability.1!-13) At the same time, many
designers understand much less about the needs and requirements of users than the users
themselves do. Therefore, by gathering information on user experience of utilizing the product,
usage environment, preferences, and needs, it is possible to develop a product that meets user
needs.(1415)

Most previous studies on robotic hand rehabilitation devices focus on product technology
adoption, particular functions of product description, or functional testing. Adamovich et al.
integrated a CyberGlove, a Rutgers Master II-ND haptic glove, and a virtual-reality-based
system to train the finger range of motion and finger strength.(!®) Bae et al. proposed DULEX-II,
which is a robotic orthosis having three degrees of freedom for assisting the motions of hand
rehabilitation exercises.(!”) Rong et al. noted that the electromyography-driven robot system
integrated with neuromuscular electrical stimulation could improve finger movement
accuracy.!!® The robotic hand rehabilitation device has independent actuation of each of the
joints of each finger to enhance the flexion and extension of fingers.(!%29 Furthermore, the soft
robotic glove contains flexible material and a mechanism to not only adjust the fit to the hand
but also assist in finger grasping exercises. ?1-22)

A few studies have been conducted on documenting the barriers and overall concepts related
to robotic hand rehabilitation device access for hemiparetic patients.1%141523) However, the
information contained in those studies is incomplete; for example, they do not cover the
perspectives of people in different roles such as post-stroke patients, caregivers, and therapists,
how the barriers are perceived, or the potential solutions for overcoming these barriers.

In view of the above, there is no comprehensive study on the needs and requirements of
hemiparetic patients with regard to robotic hand rehabilitation devices at home. Therefore, in
this study, a user-centered design approach is adopted to achieve the following objectives: (1)
explore participants’ experiences and expectations regarding hand rehabilitation devices at
home, (2) identify user needs for home-based robotic rehabilitation devices for the hand, and (3)
translate user needs into user requirements.
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2. Materials and Methods

In this work, we apply qualitative research to develop a contextual and detailed understanding
of the needs of hand rehabilitation device users with respect to their daily activities and
rehabilitation at home. Interviews were also conducted to gather additional insights through the
interactions of ideas and suggestions from the participants.*¥ Observational research provided a
reliable measurement of actual participant behavior within natural contexts.*>) The work was
conducted in three phases, participant recruitment, data collection, and data analysis, as shown
in Fig. 1. The details of each phase are described below.

2.1 User recruitment phase

Purposive sampling was employed to select post-stroke individuals, caregivers, and
therapists. Recruitment continued until the point of theme saturation.*®) A sample of 28
participants (12 stroke survivors, 6 caregivers, and 10 therapists) was purposefully selected to
participate in the study (see Table 1 for details). Written consent was obtained from all
participants to ensure their rights and confidentiality. Before beginning the interview, the
researcher explained the purpose of the study and obtained participants’ permission to record
audio and video during interviews and observations. At the same time, the researcher informed
the participants that the audio and video data would be kept in a secure place during the study
and erased afterwards, and that pseudonyms would be used to maintain participant anonymity
with regard to the interview and observation results.

Purposive sampling
(Post-stroke individuals/ Caregivers/ Therapists

3

User Recruitment Phase

v

In-depth pre-interview/ Behavioral observation/
Post-interview No

Data Collection Phase

v

Data
saturation
appears?

Data Analysis Phase Context coding and user needs extraction

User requirements translation and prioritization

Fig. 1. Research process utilized in the study. The research process included user recruitment, data collection, and
data analysis. User recruitment was halted once data saturation was reached.
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Table 1
Profiles of post-stroke patients, caregivers, and therapists.
Role No. Gender Age Time since stroke (yrs.) Caregiver (Gender/Age) Caregiver participated
1 M 53 3.7 — —
2 M 62 53 Domestic helper (F/32) —
3 M 49 0.6 Wife (F/49) Y
4 F 59 5 Daughter (F/19) —
5 M 45 2.9 Wife (F/42) —
Post-stroke 6 M 68 3.7 Wife (F/67) Y
patients 7 F 70 4.4 Sister (F/68) —
8 M 45 1.2 Domestic helper (F/25) —
9 M 47 0.9 Wife (F/46) Y
10 M 65 4.8 Wife (F/65) Y
11 M 58 2.1 Wife (F/56) Y
12 F 50 3.2 Domestic helper (F/23) Y
Role No. Gender Age Experience (yrs.)
1 M 53 24
2 F 57 26
3 M 34 10
4 M 51 20
. 5 F 43 18
Therapist 6 M 51 ”
7 M 51 23
8 M 51 22
9 M 35 6
10 M 29 5

2.2 Data collection phase

The data collection methods included an in-depth pre-interview, behavioral observation, and
post-interview. The hand rehabilitation technology experience questionnaire, Activities of Daily
Living Questionnaire (ADLQ), and hand assessment and therapy questionnaire were used to
collect subjective responses from the participants at the in-depth pre-interview stage.(?72%)
Appendix A presents selected questions used in in-depth pre-interviews.

The aims of the one-to-one in-depth pre-interview were to elicit implicit issues encountered
by the post-stroke patients while using the hand rehabilitation devices, survey the behaviors of
the caregiver while helping post-stroke patients in daily life and during hand rehabilitation, and
explore the concerns of the therapist while the post-stroke patient was performing rehabilitation
exercises and using the hand rehabilitation devices at home. The pre-interview lasted
approximately 60 min, and the questions were presented in a semi-structured questionnaire
format. The interviews included general probes to elicit detailed information from participants.
Probes, which are follow-up questions used to clarify statements made by participants during the
interview, helped researchers address new issues raised in the interview process.®? An example
of a participant’s responses to questions, subsequent probes, and responses to probes is shown in
Table 2. Additionally, audio recordings were made of all pre-interview questions from the
researchers and responses from the participants, and were later transcribed.
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Table 2
Sample of raw data of interview questions, subsequent probes, and responses.

Sample text
Can you perform hand rehabilitation with hand rehabilitation devices by yourself, without assistance
from others?

Question:

Response: ~ Not exactly. Sometimes I require assistance from my son or wife to set up or wear the devices.
Could you provide some examples of hand rehabilitation devices that your son or wife assists you in

Probe:
set up or wear?
Similar to this dynamic hand orthosis, I am unable to straighten the fingers of the affected hand due
Response: to spasticity. Additionally, my unaffected hand lacks the strength.to assist in s.traightening the.ﬁngers
on the affected hand. Consequently, my son helps me by spreading and placing each finger into the
finger rings.
Probe: Can you adjust the tension of the wire and Velcro by yourself?
Response:  Yes, because it does not require much strength from the unaffected hand.
Probe: Can you take off this dynamic hand orthosis by yourself?

Response:  Yes, taking off the orthosis is easier than putting it on.

The participant observation method was used to observe the hand rehabilitation process,
activities, and device use of the participants with stroke. We attempted to observe the post-stroke
individuals using their hand rehabilitation devices in order to identify the explicit and implicit
problems of using hand rehabilitation devices. The explicit problems observed when each
participant performed the tasks were recorded.

The objectives of the post-interview stage were (1) to prioritize the importance of user
requirements, (2) to verify the non-fulfillment of user requirements, and (3) to elicit the implicit
requirements encountered when using current hand rehabilitation devices. We designed a five-
point Likert scale to grade the user requirements of the robotic hand rehabilitation device for
home-based therapy to achieve the objectives.

2.3 Data analysis phase

Both qualitative and quantitative methods were adopted in the analysis. Data obtained from
responses to the robotic hand rehabilitation user requirements prioritization questionnaire was
entered into IBM SPSS version 22. Descriptive statistics were utilized to describe the score and
priority of user requirements. The qualitative analysis comprises context coding and the
extraction of user needs. In the content coding process, each statement or perception was
considered as an element or observation for content analysis. Additionally, the qualitative code
information was further utilized to support user needs.

All the data acquired from in-depth pre-interviews were transcribed before being imported
into Nvivo 12.0, a computer program for analyzing qualitative data. The researcher performed
the code assignments subjectively. For instance, the first four answers to the first two questions
presented in Fig. 2 were both coded as “Rehabilitation information and management”.
“Rehabilitation information and management” was thus coded 84 times, giving it a frequency of
84. Table 3 summarizes the 15 different answers coded as “Rehabilitation information and
management”. Although the study involved only 28 participants, the “Rehabilitation information
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Question: How loag do you usually use it (dynamic splint) each time and why?
Answer: Probably 1 or 2 houss, maybe longer, maybe shorter, | take it off when | feel
uncomfortable. There is no exact wearing Hme

Probe: How do you know it takes 1 or 2 boars?

Answer: [t is an estimated ime, but | didn't measure the wearing time exacty.

Question: Did the therapist ever tell you about the weaming tme cach time you use it
Answer: She told me to take it off if | felt uncomfostable. That's it

Probe: Then, how do you know the proper wearing time is more suitable for your
hand condition”?

Answer: [ doa’t know; nobody told me the proper weasing time cach time in a day,

but | always &y to my best to wear it longer.

Question: How long do you usually use itin cae day?
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]
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(Color online) Example of a participant’s response and code assignment.

Sample of raw data from interviews supporting the qualitative codes.

Code assigned
in four different
responses

Code

Subcode

Sample raw data

- It is an estimated time; [ didn’t measure the wearing time exactly.
- It can automatically record and display the results on the screen, so we
don't need to count the number of completed tasks ourselves.
- Patients show me their rehabilitation task photos or videos.
Automatic - My wife always helps me to check the exercise time and count the
feedback  number of repetitions achieved.
and record - I did not record the rehabilitation exercises that I performed.
- I can't remember all of my daily rehabilitation progress.
- I stop the rehabilitation exercises when I feel tired without recording

the time.

Rehabilitation information
and management

- Sometimes, | use a timer to manage my rehabilitation sessions.

- Our son assists us in setting up and maintaining the digital device, as it
involves numerous processes.

Technical - I ask the store staff about how to use the rehabilitation equipment.
support - Rehabilitation therapists demonstrate how to use the rehabilitation

equipment.

- The robot orthosis at XX clinic requires multiple setup procedures.

- Many rehabilitation devices do not come with warranties.
Customer - I prefer purchasing equipment from reputable rehabilitation equipment

service stores.

- The lack of after-sales service is highly frustrating.

and management” code had a frequency higher than 28 because each participant gave the same

response for different questions or probes. However, some codes may have frequencies lower

than 28, because some participants gave no response to some questions or probes because they
had no opinion or lacked knowledge relevant to the questions or probes. After all the data were
coded, we grouped the codes into clusters and categorized them into themes on the basis of their

attributes.



Sensors and Materials, Vol. 36, No. 5 (2024) 1737

3. Findings
3.1 Role of participant vs hand rehabilitation

All stroke participants carried out the hand rehabilitation, which included continual physical
and occupational therapy through the outpatient clinic at least twice a week in accordance with
the national health insurance benefit following discharge from the hospital. The physical and
occupational therapy took about 2 h each time. More than 50% of post-stroke participants had
tried traditional Chinese treatments such as acupuncture and cupping therapy for hand
rehabilitation. Six post-stroke participants had worn a static splint; two of them stopped wearing
it owing to discomfort, and the other four used it rather haphazardly in terms of the time worn
and the number of times of wearing it. Two post-stroke participants wore the dynamic splint
while the hand was stiff and adjusted the tightness of the wires according to their feeling. A total
of 75% of post-stroke participants used various hand grips and arm lift devices for rehabilitation
exercises at home.

Over 70% of caregivers were family members. Caregivers provide support for stroke
participants’ daily activities of living, recovery, and rehabilitation. Sixty-seven percent of
caregivers accompanied stroke patients to the outpatient clinic to assist in performing the
rehabilitation exercises or equipment settings. The therapists conducted the hemiparetic
assessment using tools (ADLs, Motor Assessment Scale, Modified Ashworth Scale, etc.),
rehabilitation program planning and training, and assignments with rehabilitation equipment
usage (hand skate, wooden stick board, cup stacking, etc.) each time the stroke participants
attended the rehabilitation room. Also, the therapists assigned and confirmed post-stroke
participants’ home-based rehabilitation tasks. Usually, the therapists had to attend to more than
two post-stroke participants at a time.

3.2 User needs of robotic hand rehabilitation device for home-based therapy

After all of the data were coded, it was then grouped subjectively on the basis of the
attributes. Six groups of codes were identified for the user needs of a robotic hand rehabilitation
device for home therapy, and each was assigned a unique need name: fundamental needs,
ergonomics needs, emotional needs, accomplishment needs, policy support needs, and safety
needs (as shown in Table 4). Taking into account the different levels of user capability and
knowledge, the fundamental needs of robotic hand rehabilitation included rehabilitation
information and a management system (such as automatic feedback and record, technical
support, and customer service). For example, the following example interview transcript
demonstrates the participant’s fundamental needs (P = Patient; C = Caregiver; T = Therapist).

- [ tried the robotic hand rehabilitation device from the OO clinic, and it could
automatically record and display the results on the screen. We don’t need to count the
number of finished tasks by ourselves. (PI)
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Table 4

Summary of user needs (n = 28).

User needs Statements by Participants

Fundamental Include appearances and a system that can help patients perform the rehabilitation exercises.

Ergonomics Products must fit the human body and optimize human performance and cognitive functions.

Emotional Providft: v(;/ays of helping the post-stroke patient understand their emotions and feel connected and
supported.

Accomplishment Any kind of mechanism that can improve or encourage the patients' motivation for rehabilitation.
Policy National laws governing the provision of rehabilitation.
The primary aim is to ensure patients' safety, including physical and personal information during

Safety and after using the rehabilitation equipment.

- If the rehabilitation device can trace and assess hand performance automatically, then 1
don’t have to ask the therapist about my hand rehabilitation progress each time I go back
to the hospital. (P6)

- Our son helps us to set up and maintain the digital device, since it involves a lot of
different processes. (C10)

- I ask patients about the execution and challenges of home-based rehabilitation tasks
every time they come here to do rehabilitation. Sometimes they show me their
rehabilitation task photos or videos and want me to make sure their postures and steps
are correct. (T2)

Embedding ergonomic considerations into rehabilitation robots to cope with various patient
demographic and anthropomorphic parameters is very important. Also, emotionalism can be
annoying for people with a stroke and their families and can obstruct rehabilitation; ) therefore,
emotional needs should be taken care of along with the patients’ physical therapy. A sense of
accomplishment is a significant motivator for rehabilitation adherence.®>33) Policy support
capable of giving economic, physical, and psychological aid can reduce the family’s financial
stress and caregiver’s stress. Safety is positively related to all other needs and is concerned with
ensuring and providing safe mechanisms for people with stroke when using the rehabilitation
robot at home. Equipment safety, environment safety, operation security, and personal
information security were grouped together because they had the same attribute of “safety or
security.” At the same time, some indirect operational issues such as price, storage, and
multiplace use influence patients’ willingness to buy or use the device. The six needs categories
were supported by all of the interviewers and at least 28 references for each category.

Because each user need category is closely linked to the other need categories, they were
organized as shown in Fig. 3. Fundamental needs are basic user needs for the post-stroke
hemiparetic patient and caregiver (and are thus at the center of the framework), since
rehabilitation information feedback, technical support, and customer service could lead to
acceptance of the assistive product.®!® Ergonomic design, emotional support, and feeling a
sense of accomplishment are important parts of enhancing the willingness to use rehabilitation
devices and motivation for post-stroke rehabilitation.3*35 Policy support for a lack of family
financial resources and insufficient knowledge of rehabilitation care are very important in long-
term stroke care. The sample transcript below demonstrates the participants’ responses to the
relationships among the user needs of the robotic hand rehabilitation device for home-based
therapy.
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Safety

* Equipment safety
* Environment safety

* Operation safety

* System security (Personal
information privacy)

Policy

Ergonomics support

* Fit the hand size
* Match user capability
* User-friendly

* Rehabilitation-support policy
formulation and
dissemination

* Rehabilitation-support policy

implementation and

assessment

Fundamental

* Rehabilitation information
and management

+ Technical support

+ Customer service system

Emotional Accomplishment

+ Information of
achievement

* Achievement management

* Achievement incentive and

assessment

* Emotional assessment
+ Emotional management
* Emotional support system

Fig. 3. Framework of user needs of robotic hand rehabilitation device for home-based therapy.

- ‘Only this static splint is covered by National Health Insurance (Policy support), so the
therapist measured my hand before making the splint (Ergonomics). Other rehabilitation
devices were paid for by ourselves. They were not cheap and financially burdened my
family (Others/Policy support), also, they might not fit my hand (Ergonomics).’... ‘Most
rehabilitation exercises are easy but boring (Accomplishment), just a repeat of a single
movement'... ‘My wife always helps me to check the exercise time and count the number
of repetitions achieved (Fundamental).’... ‘In the clinic, the therapists help to set up
some of the rehabilitation devices because they are too complex (Fundamental/
Ergonomics).’... ‘the device and operation safety are important (Safety), especially when
I use it alone at home.’... ‘the therapist, families, and friends always encourage and
support me (Emotional), therefore, I have to work harder on rehabilitation, not only for
myself but also for them.’
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3.3 User requirements of robotic hand rehabilitation device for home-based therapy

A requirement is a service, feature, function, or other elements of a product meeting user
needs. Most users are uncertain of what they want and lack the assistance of a specialist to
specify their requirements.(3%-37) Therefore, the underlying user requirements must be presented
in a format, such as a prototype or mock-up, that is easy for users to understand; then, they can
provide feedback. However, the prototype and mock-up are focused on physical and nonphysical
interface issues, which can be complex for users. Thus, we infer user requirements from
interviews rather than directly asking participants their user requirements, and then the
participants confirm the gleaned requirements.

On the basis of the definition of user requirements and the user needs framework, the six
categories of needs were translated into user requirements (Table 5). For instance, the
rehabilitation information and management system supports recording, analysis, and assessment
of rehabilitation, allowing users to know their rehabilitation status and progress effectively and
efficiently, and thus plan the next rehabilitation step. In addition, a need requires one or more

Table 5

User requirements of robotic hand rehabilitation device for home-based therapy.

User needs User requirements Design justifications
Rehabilitation information - The device supports recording, analysis, and assessment of
and management rehabilitation status and progress.

Fundamental High reliability & stability The physical and nonphysical interface consistently performs

well.

- The system connects various rehabilitation devices through a
Integrated system

network.
Anthropometr . . . .
. P Y - Soft material and an adjustable mechanism can improve the fit,
Wearing comfort . . . .
. ) . benefitting finger grasp exercises and improving wear comfort.
Ergonomics Light weight
Easy to set up - Fewer steps and proper guidance for setup, assembly, wearing,

Easy to put on & take off etc.
Emotional assessment and
management system

- The system helps to assess, calm, and express negative feelings.

Emotional . . . e e . . .
Information sharing - The device can share the rehabilitation information with family,
Interaction system friends, and therapists, who can then respond.
Real-time feedback & - The rehabilitation status and progress can be displayed on a
analysis of rehabilitation tablet, PC, or TV screen.
Accomplishment  Incentive mechanism - Mechanism and design that are intended to shape and enhance
. . . the performance of rehabilitation, such as encouragement, score,
Gamification design .
level, ranking, etc.
Subsidy for equipment & . S .
Y quip - An easy way to obtain subsidy information and apply for the
. therapist at home .
Policy . . subsidy.
Subsidy for caregiver
Health education - Multiple ways of obtaining rehabilitation information.
Non—acute-angle design . . . .
o . - The design aims to protect the physical and nonphysical safety
Limit protection control . . .
Safety of the user by incorporating mechanisms such as safety recovery

ID and password control

o ) and stop, buffering, safety verification, and so on.
Permission setting
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requirements that must be fulfilled, and conversely, a requirement can fulfill several needs. For
example, easy to set up, assemble, and dissemble might be achieved by devising fewer steps or
procedures.

3.4 Priority of user requirements of robotic hand rehabilitation device for home-based
therapy

After six needs categories were translated into user requirements, we designed a five-point
Likert scale to grade the user requirements of the robotic hand rehabilitation device for home-
based therapy to prioritize the importance of user requirements (scale range from 1 to 5: 1 = not
important, 5 = very important). The average of the requirements scores of user needs was over
3.5. The highest and lowest average scores of the user requirement of user needs were,
respectively, limit protection control (M = 4.7, SD = 0.5) and gamification design (M = 3.5, SD =
0.7). The average sum scores of user requirements of each user need were over 3.8. The top three
were safety needs (M = 4.62, SD = 0.01), ergonomic needs (M = 4.42, SD = 0.06), and
fundamental needs (M = 4.26, SD = 0.18). The lowest was accomplishment needs (M = 3.8, SD =
0.25). The transcript below is an example of the participants’ responses regarding the viewpoint
of user requirements.

- Safety is the most important thing, especially for me; I can’t afford any harm to my body,
therefore, the rehabilitation device should have a safety limit criterion such as maximum
force to ensure safety during rehabilitation. (P3)

- He might wear the hand rehabilitation device for over four hours at a time, hence, a fit to his
hand size and wearing comfort are necessary. (C4)

- If I can track my rehabilitation status and progress on the computer screen in real time, it
would help in correcting and planning the rehabilitation exercises. (P2)

- [ have to do the rehabilitation exercise even if I feel bored while doing those exercises, so if
the rehabilitation exercises are a game, I would do the rehabilitation exercise more. (P5)

4. Discussion

The six user needs of the robotic hand rehabilitation device for home-based therapy
encompass not only device and system design, but also emotional and policy support. When
assistive products match their users’ needs, they enhance the user’s rehabilitation, independence,
and social participation.®® On the contrary, unmet needs, barriers to use, and the lack of access
to assistive products might hinder rehabilitation and result in a waste of public resources.

Safety is the most important consideration during rehabilitation device installation, operation,
and maintenance. The robotic hand rehabilitation device must have an inbuilt proper safety
mechanism such as safe actuation, suitable power mechanisms, and authority control to ensure
user’s physical and personal information safety.®® In addition, anthropometry plays an
important role in wearing a device that is designed to fit all users, is light weight, has flexible
construction, and is adjustable to increase long-wearing comfort.®3% Difficulties in the
interaction between the user, assistive product, and usage environment could lead to
abandonment of the assistive product.
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Moreover, providing real-time data for users to monitor real-time rehabilitation conditions is
essential. The rehabilitation information record, analysis, and display help post-stroke
individuals realize task execution performance and rehabilitation status. Neither the post-stroke
user nor the caregiver wants to count the completion time or monitor whether a particular task
has been achieved. At the same time, sharing real-time rehabilitation information with the
therapist helps to understand and plan the rehabilitation. Financial problems due to medical bills
or unemployment can occur, adding more stress to the post-stroke survivor and family.
Therefore, government-subsidized rehabilitation care expenses for patients with stroke can
reduce the financial burden on families. Additionally, stroke survivors will each have their own
motivation, but a rehabilitation interface design with goal setting and game functions might
encourage and motivate stroke survivors to continue their rehabilitation exercises.(>3:40)

The user-centered approach focuses on user needs and perspectives. The benefits of the user-
centered approach are primarily associated with the completeness of product functionality,
increased product usefulness, and user satisfaction.*!) In this study, we applied qualitative
research to extract the needs of the robotic hand rehabilitation device for home-based therapy
after stroke. Both interviews and task observation were conducted to discover the explicit and
implicit needs or issues encountered by users (post-stroke individual, caregiver, and therapist)
when carrying out hand therapy with hand rehabilitation devices at home. The coded needs were
then sorted into six categories (fundamental, ergonomics, emotional, accomplishment, policy
support, and safety) and each user need category was found to be closely linked with the other
categories. The requirement participants most care about is limit protection control, because
“safety” is the most important consideration in assistive technology usage. Long-term wearing
comfort and effective rehabilitation requirements indicate that participants also take their
ergonomic needs seriously. They would appreciate a home-based hand rehabilitation device
equipped with the requirement of accomplishment needs such as a gamification design. Finally,
the requirements were compared with current designs of hand rehabilitation devices. The results
revealed that current hand rehabilitation device designs do not fulfill users’ needs and
requirements.

5. Conclusions

In this study, we focused on identifying the needs and requirements of users regarding home-
based hand rehabilitation devices. The findings can serve as a reference for the future
development of such devices. However, further designs and testing are necessary to provide
support in the development of design guidelines for home-based hand rehabilitation devices. In
addition, the absence of a systematic and complete set of quantitative methods and tools enabling
the measurement of rehabilitation performance is one of the major challenges facing the home-
based rehabilitation research community. Thus, future work on developing a validated
methodology for assessing the rehabilitation performance of home-based rehabilitation devices
is necessary.
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Appendix A: Select questions used in in-depth pre-interviews
Post-stroke patient

Question: Why do you use this hand rehabilitation device?

Question: When do you use this hand rehabilitation device?

Question: Can you set it up by yourself? (If the device needs to be set up before use)
Probe for “no” response: What's the reason why you can't set it up by yourself?

Probe for “yes” response: How long do you usually take to set it up by yourself?
Question: Can you put it on by yourself? (If the device has to be worn on the hand before use)
Probe for “no” response: What's the reason why you can't wear it by yourself?

Probe for “yes” response: How long does it usually take you to put it on by yourself?
Question: Can you take it off by yourself?

Probe for “no” response: What's the reason why you can't take it off by yourself?

Probe for “yes” response: How long do you usually take to take it off by yourself?

Question: How long do you usually use it at a time and why?

Question: What is your opinion of the design of this hand rehabilitation device?

Probe: Why do you have that opinion?

Caregiver

Question: What daily activities do you assist her/him with?

Question: What do you do to help her/him accomplish this daily activity?

Question: Do you do the task because he/she can’t accomplish it alone?

Probe for “no” response: Why do you do the task if he/he can accomplish the activity alone?
Question: What do you do to help her/him do hand rehabilitation at the home and the clinic?
Question: Why do you help her/him do that?

Question: What else do you help her/him with?

Therapist

Question: Have you provided any tools to help post-stroke patients with the hand rehabilitation exercises at home?
Probe for “yes” response: What kind of tools and why?

Question: How do you know the post-stroke patient really did the hand rehabilitation exercises that you assigned to
her/him at home?

Probe for “not sure” response: Then do you make sure or not?

Probe for “yes” response: How do you make sure or not?

Probe for “no” response: Why?

Question: How do you know the post-stroke patient did correctly the hand rehabilitation exercises that you assigned
to her/him at home?

Probe for “not sure” response: Then do you make sure or not?

Probe for “yes” response: How do you make sure or not?

Probe for “no” response: Why?

Question: Do you have any problems with the post-stroke patient responding to you while he/she does the hand
rehabilitation exercises at home?

Question: Do you have any problems with the post-stroke patient responding to you while using the hand
rehabilitation device at home?




