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Abstract

Background: Web-based concussion self-management education programs for adolescents can improve functional outcomes,
reduce concussion symptoms, and increase self-efficacy. However, there are alimited number of studies examining the perceptions
and acceptance of these programs and the use of these tools in the adult concussion popul ation.

Objective: This study aimed to investigate the perceptions and acceptance of clinicians and adults with concussions using
MyGuide Concussion (Vancouver Coastal Health), a web-based concussion self-management tool.

Methods: Using a mixed methods sequential explanatory design, a convenience sample of 8 adults with concussions and 8
clinicians who used MyGuide Concussion over a 2-year period were interviewed, and their responses were analyzed.

Results: Participants reported two key benefits of using the web-based self-management tool: (1) the tool’s emphasis on the
interconnectedness of physical and psychological symptoms, and (2) the ability to provide reassurance that symptom being
experienced were a normal part of the concussion experience. Clinicians described the tool as being useful as a supplementary
source of information for clients in addition to clinical sessions and believed the content was useful for increasing clients
independence in managing their own recovery.

Conclusions: Overall, the evaluation of the MyGuide tool is an acceptable and well-perceived tool for adults with concussions
who require abasic understanding of concussion recovery, particularly in the early stages of recovery. Future research may include
optimizing MyGuide by targeting promotional strategies and addressing other barriers to use.

(JMIR Rehabil Assist Technol 2025;12:€59181) doi:10.2196/59181
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approximately 1.2% in recent years being the highest it has ever
been [2]. Concussion symptoms vary between people and across

Lifetime concussion prevalence in adults has been estimated o~ @ individua’s recovery process [3]. Symptoms can be
be as high as 29% [1], with an annual incidence rate of €XPerienced asphysical (eg, nausea, headaches, and decreased
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balance), psychological (eg, worsened anxiety, depression), or
cognitive (eg, changes in concentration and memory) [4-6].
While most peoplerecover within 2 weekswithout intervention,
some people experience persistent symptoms [7].

Self-management is a type of educational intervention that
provides an individual with strategies and lifestyle behavior
changesto managetheinjury and improve overall recovery [8].
Concussion self-management (eg, information about concussion
symptoms, prognosis, self-management behaviors, and resuming
preinjury roles) can improve a person’s understanding of their
injury and related symptoms such as sleep and anxiety, reduce
postconcussion symptoms [9-11] and facilitate recovery and
return to preinjury activities and roles [12-18]. Furthermore,
thetimely provision of concussion education in the early stages
of recovery has been found to lower the risk of developing
prolonged postconcussion symptoms, especially for those with
more severe traumatic brain injury (TBI), and when
implemented within 3 months of injury [13,19]. Though there
is no consensus on the optimum time for the introduction of
concussion education, studies reporting improvements mainly
focused on participants who were between 1 week to 6 months
post injury [13,17].

-Technology-based education programs for individuals
experiencing concussion symptoms show promisefor improving
recovery outcomes and self-management self-efficacy, given
their accessibility and convenience, particularly for thoseliving
in rural and remote areas or areas that do not offer specialized
health services [20]. For clinicians, the web-based delivery of
health services and education can enhance clinician-client
engagement and improve client-driven active participation in
their own health [21]. For adults, a self-paced, web-based
educational intervention for civilian, military service members,
and veterans with postconcussion symptoms was found to
increase self-management self-efficacy and improve concussion
symptoms for individuals that had longer periods since injury
(ie, 1 year) [22]. Overdl, the evidence, though limited in
amount, supports technology-based concussion education
programs as a far-reaching and accessible approach to enable
behavioral change, improve recovery outcomes, and help
individuals return to their occupations before their injury.

The MyGuide Concussion tool (Vancouver Coastal Health)
aims to provide current best practice knowledge to help
individuals with a concussion manage their symptoms and
empower them with the skills and confidence to take action in
their recovery journey. While there are a number of websites

https://rehab.jmir.org/2025/1/e59181
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that provide evidence-based concussion education, the MyGuide
Concussion tool was designed to fill a gap by providing
customized material and actionable ways to implement
evidence-based self-management strategies into daily life. It
will thus bereferred to as a self-management tool. Thetool was
developed in 2019 by experienced clinicians working in the
field of concussion, content experts, and through consultation
with community stakeholders. The clinical material provided
in the MyGuide Concussion tool was based on the Guideline
for Concussion/Mild Traumatic Brain Injury & Persistent
Symptoms devel oped by the Ontario Neurotrauma Foundation
[23], and information isupdated every 6 months. The MyGuide
Concussion tool creates a personalized guide for each user,
specifically targeting adults (ages 18 years and older) at any
stage of recovery. Content is based on modules that include
information, tools, and worksheets on rel evant topicsfor people
with concussions, as shown in Figure 1. The tool provides
reminders to facilitate positive health behaviors and promote
self-management while engaging with the tool (eg, taking
regular breaks). Though intended to be used on a desktop
computer, the MyGuide Concussion tool can be used on any
device that can access the internet site.

Much of the literature on technology-based interventions
involvesrandomized controlled trial s examining postconcussion
symptom improvement after interventions; however, in addition
to quantitative measures, understanding the perceptions and
acceptance of self-management tools is essential to identify
barriers and facilitators to adherence and effectiveness of these
tools. In astudy on digital health interventions for concussion
in adults, the perceptions of theintervention were positive, with
high overall usability [24]. Ancther study implemented a
web-based concussion education program and indicated that
the concussion education program was easy to use and helpful
for participants recovery [25]. Overal, the perceptions and
acceptance of web-based concussion education programs for
adultsis arelatively underexplored area, and it isimportant to
continueto explore the design considerations that may be unique
to this particular population. |mportantly, the perceptions of the
MyGuide Concussion tool have not yet been investigated.

The main purpose of this study wasto evaluate the perceptions
and acceptance of the MyGuide web-based customizable
concussion self-management tool in the adult population.
Perceptionswill be determined based on usability, accessibility,
and suitability of the site, and acceptance will be evaluated
based on adherence to and impact and relevance of the site.
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Figure 1. Modulesfrom the MyGuide Concussion tool as they appear in the Catalogue view.
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Methods

Study Design

This study used amixed methods sequential explanatory design
[26]. Integration of quantitative and qualitative data occurred
at the level of sampling and analysis [27]. For sampling, we
used a connecting approach in that participants who completed
the quantitative surveys were invited to participate in the
qualitative interviews. For the analysis, we used a merging
approach, in that we compared responses from the surveys to
comments from the interviews to identify any differences and
gain a deeper understanding of the perceptions and acceptance
of theMyGuide Concussion tool. Qualitative interview questions
were devel oped based on responses provided in the quantitative
surveys. The Design and Evaluation of Digital Health
Interventions (DEDHI) framework was used to devel op survey
and interview questions in order to understand the perceptions
and acceptance of using MyGuide. The DEDHI framework is
a consolidation of various heath promotion evaluation
frameworks and life cycle models specific to digital health
programs and can be used in all aspects of thetechnological life
cycle, from early conceptual models to large-scae
implementation in the health care sector [28].

Quantitative Recruitment

Recruitment occurred from December 11, 2020, to May 31,
2021, using convenience sampling. Recruitment for the survey
was done through a pop-up window that appeared on the
MyGuide Concussion tool. Individuals with concussion were
included in the survey if they were 19 years or older,
experienced a concussion within the last 2 years, and used the
MyGuide tool. Individuals with any neurological heath
condition (eg, stroke, multiple sclerosis, Parkinson, and spinal
cord injury) that may require services and resources beyond the
scope of the tool were excluded from the study.

https://rehab.jmir.org/2025/1/e59181
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Quantitative Data Collection

A total of 8 participants with concussions completed a 10- to
15-minute survey conducted online or by telephone from
January 24, 2021, to May 30, 2021. The survey included
questions about general demographic information and an
outcome measure of technology usability (Health Information
Technology Usability Evaluation Scale (Health-ITUES)). This
measure consists of 20 items with 4 subscales of impact,
perceived usefulness, perceived ease of use, and user control,
which have been used to assess the usability of web-based
programsfor adults living with a chronic health condition [29].
The measure has demonstrated high internal consistency
reliability (Cronbach a=0.85-0.92).

Quantitative Data Analysis

The data are reported using the Good Reporting of a
Mixed-Methods Study [30]. Quantitative data were analyzed
using descriptive analysis to describe the demographics and
Health-ITUES questionnaire.

Qualitative Recruitment

Recruitment occurred from February 7, 2021, to September 9,
2021. Participants with concussions were invited to participate
in the qualitative interviews once they had reached the end of
the quantitative survey. Recruitment for clinicians occurred
through the use of the researchers’ professional network.
Clinicians were included if they were currently working in the
concussion rehabilitation field for at least 2 years, had
therapeutic roles (eg, occupational therapists, physiotherapists,
doctors, and neurologists), were practicing in British Columbia,
and werefamiliar with or used the content in the MyGuidetool .

Qualitative Data Collection

Participants (both clinicians and people with concussions)
engaged in online semistructured interviews through Zoom
[Zoom Video Communications] from February 7, 2021, to

JMIR Rehabil Assist Technol 2025 | vol. 12 | €59181 | p.4
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September 9, 2021. The interview guides for participants with
concussions are provided in Multimedia Appendix 1. The
interview guides for clinician participants are provided in
Multimedia Appendix 2. Interview questions for participants
with concussions were adapted from a previous study that
examined the user experiences of a self-management tool for
individuals with spinal cord injury and their caregivers [31].
Qualitative analysis occurred alongside data collection to ensure
data saturation was obtained.

Qualitative Data Analysis

The qualitative data were analyzed using conventional content
analysis. This involves an inductive process of reviewing the
data as a whole, then deriving codes from the individual
responses themselves and categorizing these to identify
connections and relatedness [32]. Conventional data analysis
allows researchers to avoid imposing preconceived ideas or
categories on participants and, instead, to focus on getting
information directly from participants [32].

The qualitative data followed a 2-step analysis process. First,
qualitative interview data were recorded and transcribed
verbatim using a transcription program. Once transcribed, 2
researchers reviewed the transcripts and audio recordings for
accuracy and removed any potential identifiers to protect
participant identity. Each performed conventional qualitative
content analysis separately and then compared to ensure
accuracy and resolve any interpretive discrepancies. Both

https://rehab.jmir.org/2025/1/e59181
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researchers performing the analysiswere femal e undergraduate
students, one with abackground in behavioral neuroscience and
the other in biology and psychology.

The research team used two main trustworthiness strategies.
First, the authors were mindful of their positioning throughout
data collection and analysis. A diverse range of perspectives
wasincluded to establish consensus in data analysis, including
the remaining authors following the first round of coding.
Complementary perspectives on the data were thus
acknowledged, which allowed the authors to reflect on their
biases [33]. Second, rich verbatim quotations from the
interviewswereincluded in theresultsto fully capturethe voices
of participants and increase the credibility of the findings
[33,34].

Ethical Consider ations

Ethics approval was completed by the University of British
Columbia's Behavioural Research Ethics Board (H20-02982).

Results

Quantitative Results

A total of 8 participantswith concussions completed the surveys.
Participants with concussion included 4 female and 4 male
participants with an average age of 33.8 years (SD 12.3; Table
1). Health-ITUES scores are included in Table 2.
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Table 1. Demographics of participants with concussions who participated in the interview.

Turcott et d

Characteristics

Study participants (N=8)

Average agein years
Mean (SD)
Median (range)
Gender, n (%)
Female
Male
Race®, n (%)
White
Black
South Asian
Middle Eastern
Highest education, n (%)
High school
College or Bachelor's degree or higher
Residence, n (%)
BC Gresater Vancouver
Outside of BC Greater Vancouver
Time since concussion (months), n (%)
<1
1-3
312
Mechanism of injury, n (%)
Fall
Sportsinjury
Motor vehicle accident
Blow to the head
Currently experiencing symptoms, n (%)

Have had previous concussions, n (%)

Full recovery from previous concussi ons®, n (%)

Decreased screen tolerance, n (%)

Receiving Occupational Therapy services, n (%)

33.8(12.3)
36.5 (21-54)

4(50)
4 (50)

4(57)
1(13)
1(13)
1(13)

4(50)
4(50)

5 (63)
3(37)

3(37)
2(24)
3(38)

4 (50)
2(25)
1(13)
1(13)
8 (100)
4 (50)
4 (100)
6 (75)
1(13)

@0ne participant preferred not to answer.

POf the 4 participants who had a previous concussions.

Table 2. Health-ITUES (Heath-Information Technology Usability Evaluation Scal€e) scores of participants with concussion.

Scale Mean (SD)
Impact 4.41 (0.46)
Perceived usefulness 4.10 (0.57)
Perceived ease of use 4.42 (0.46)
User control 3.93(0.45)

https://rehab.jmir.org/2025/1/e59181
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Per ceptions: Usability

The Health-I TUES subscales Perceived Ease of Use and User
Control were used as indicators of ease of navigation of the
tool, with higher ratingsindicating higher perceived ease of use
and user control domains. Results showed relatively high scores
by participants with concussion, with the perceived ease of use
being 4.42 (SD 0.46) and user control being 3.93 (SD 0.45) on
a5-point scale. Most participants were using the MyGuide tool
on the desktop platform.

Acceptance: Adherence

Both quantitative and qualitative data were used to understand
adherence to using the tool. Survey data suggested that most
participants had 1 to 5 visits to the tool in total. Furthermore,
the survey dataindicated that almost half of users completed 5
or more of the 11 modules.

Impact

Based on the Health-ITUES measure, where arating of 5on a
Likert scaleindicates strongly agree, Perceived Usefulnesswas
410 (SD 0.57), Impact was 4.41 (SD 0.46), and Overall
Usahility was 4.27 (SD 0.35). These high scores indicate that
the tool had a positive impact on self-management and quality

Table 3. Demographics of clinician participants.

Turcott et d

of life. Participants with concussion reported that they were
looking for strategies to manage their concussion symptoms
(8/8, 100%), more information about concussion symptoms
(7/8, 88%), specific strategiesfor returning to normal day-to-day
activities (7/8, 88%), and information on how to navigate the
health care system (5/8, 63%). Overall, survey data suggested
that people with concussions were either satisfied (4/8, 50%)
or very satisfied (3/8, 38%) with thetool and generally described
that the tool had met their needs (6/8, 75%). Respondents
indicated that the tool provided background information about
concussion, provided ways to manage concussion symptoms,
and motivated recovery. All survey respondents indicated they
would recommend the tool to other people with concussions,
as they noted it was informative and provided people with
reassurance and normalization of symptoms being experienced.

Qualitative Results

A total of 8 participantswith concussionsand 8 clinicianswere
included in the study. Participants with concussion included 4
females and 4 males with an average age of 33.8 years (SD
12.3; Table 1). Clinician participants included 7 occupational
therapistsand 1 physiotherapist, averaging 13.1 (SD 10.8) years
in clinical practice with 8.5 (SD 4.7) years in concussion
rehabilitation specifically (more detailsin Table 3).

Characteristics

Participants, n (%)

Profession
Occupational therapist 7(87.5)
Physiotherapist 1(12.5)
Sector
Private 7 (87.5)
Public 1(12.5)
Average years in practice, mean (SD) 13.1(10.8)
Average years in concussion rehabilitation, mean (SD) 8.5 (4.7)
L ocation
BC Greater Vancouver 8 (100)
Perceptions Hav‘i ng one sort of a onestop shop of informati on
that's easy to go through is useful... [people with
Usability concussions] get lots of different information from

Interview data provided context to the quantitative data. The
majority of participantswith concussions reported that the tool
was simple and straightforward to use. One participant said,
“[the website ig] very linear... It shows you what you've done
and, what you haven’t, and what you need to do next... It's
very, very well structured.” Participants also indicated that the
clearly labeled topics, easy-to-understand section titles, and
simple layout of the tool made it easy to find information.
However, some participants reported confusion around use and
navigation when initially using the tool independently, without
thefacilitation of clinicians.

Interview datafrom clinician participantsindicated that the tool
provided useful, curated, easy-to-understand, and credible
information. One clinician explained:

https://rehab.jmir.org/2025/1/e59181

different providers, and if they're symptomatic at the
time, it's hard to take it all in...having somewhere
just one source to go to is helpful. [ The tool is] inan
easy-to-read format, soit'snot a lot of medical speak.

Some clinician participants mentioned that some sections had
a lot of information, which may have made clients feel
overwhelmed.

Accessibility

Participants seemed to show a preference for different visuals
than others (eg, dark mode vs light mode, and font sizes), and
many described the value of the individualization and
customization of the tool. Participants also reported that the

concussion-specific accessibility features inherent in the tool
(eg, clear, short sections of information) were helpful in creating
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an accessible tool. One participant stated, “[The site] was very
accessible...the sectionswere clear, they were short, you know,
the content was good. You know, pretty hard to misunderstand.”
Furthermore, participants noted specific features that might
enhance accessihility (eg, audio presentation of information and
optimization of the tool on a maobile platform).

Suitability

Participants with a concussion indicated that the tool was suited
for peoplewho had had arecent concussion or werein the early
stages of recovery and seeking basic information about their
concussion. The suggested time for accessto thetool waswithin
the first 6 weeks of injury to receive the maximum benefit as

knowledge and information were most needed at that point. As
one participant described,

| think it would be used more as, like a stepping
stone... | thinkit's something I'd go to for just the very
basics, or | didn't know what was going on with my
health or understand my situation, my condition.

On the other hand, some clinician participants indicated that
the MyGuide tool was appropriate for individuals with
concussion at any stage of recovery. As one participant
described their experience using the tool with different clients,

I've worked with people that are a week
post-concussion to two years post-concussion, and |
feel like it can work for everyone again, [ .. ] it'sjust
kind of a foundation. | think | am comfortable
referring every single one of my concussion clients.

Clinician participants also noted that the tool could be suitable
for individuals who were avoiding activities due to their
concussion symptoms. These participants indicated that
providing early education on topicslike pacing was particularly
important for these individuals, as the concept of pacing could
be applied to various aspects of the person’s recovery process
or therapies (eg, physiotherapy). One clinician explained:

| would refer patients [to the site] who are probably
struggling with pacing.. .| fedl like getting their pacing
under control isusually a higher priority than giving
them, you know, some form of manual therapy, that's
my perspective...because it's that art of figuring out
what to address at what point in time, often when they
are so significantly concussed.

Clinician participants also indicated the different levels of
suitability for some of their clients with chronic symptoms. As
one clinician participant described:

Someone who's really chronic, let's say, post two
years, oftentimes has built a pretty strong identity
around their health... So I’mnot sure that the impact
would be the same per se, as someone earlier on in
the experience. | think I'd till useit. It'sreally hard
to know what somebody has been exposed to in terms
of education and material... And maybe they haven't
had any of that, or they have really low health
literacy. So no, | still think it would be useful [but]
in my experience, a lot of people have really built a
disability identity by that point. And the concussion

https://rehab.jmir.org/2025/1/e59181
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is something that has become part of who they are...
if there'sa tool like this might not be as impactful.

Clinician participants indicated that the tool may not be
appropriate for clients who are feeling overwhelmed and
anxious, having difficulty processing information, and
experiencing no screen tolerance, low computer literacy, and
poor English comprehension.

Acceptance: Adherence

Based on the interview data, the primary reason people with
concussions continued to actively engage in the tool wasto seek
out information to gain a better understanding of concussion
recovery. Participants reported that they stopped using the tool
when they acquired enough information or when they saw
improvementsin their recovery. One participant said of thetool,
“Itissort of alearning tool, right?... But once I've learned how
| can just focus on that myself, and | didn’t really return to it,
but | was using what it had taught me.” Overall, the tool was
often used over ashort period of time and not used asaresource
that participants with concussions were continuously referred
to over a prolonged period.

Clinician participant perspectives gave further insight into other
factorsrelated to adherence. Asmost clinician participants noted
they were actively referring their clients to the site, one factor
that may have influenced their clients’ adherence was based on
how they were directing clients to the site. Participants
mentioned they were either referring clients to the tool by
working through the tool with their clients in sessions or by
sending thelink to their clientsto have them go through the tool
independently at home. For some participants, going through
the tool was a good starting point for their clients, particularly
when doing virtual sessions. Oneclinician said, “It'sbeenreally
helpful for the clients when we do Zoom sessions... | can share
my screen, and we can go through it together.”

Clinician participants mentioned that most clients with
concussionswere only engaging with the MyGuide Concussion
tool a few times independently but mostly accessed the tool
when facilitated by the clinician. One participant stated,

| get the sensethat, similar to most things | give them,
[theclient] needsto be directed and guided... | would
say if | just gave the person that website, | would not
anticipate that they're just going through it all
themselves. If there are specific parts of it that | would
want them to get out of it, | would definitely follow
up and make sure that they really got what | wanted
themto get out of it.

As such, participants noted that the MyGuide Concussion tool
was useful in therapy sessions but may not be as relevant if
self-directed by participants.

Impact

Overview

During the interviews, participants reported value in the tool’s
information about various stages of concussion recovery.
Participants with concussion noted that the tool was a
trustworthy source of information, describing that affiliation
with apredominant health care institute was helpful to increase
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the credibility of the tool. In addition, participants with
concussions expressed that referral from clinicians or other
people with concussions increased their acceptance of thistool
asacredible source of information. Many clinician participants
indicated that the tool reinforced the basic information about
concussion recovery and concussion self-management that they
were teaching their clients and helped the clients connect
concepts important for their recovery.

Several participants with concussions reported that the
self-assessment strategies in the tool helped them assess and
become more aware of their triggers and were beneficia in
helping alleviate symptoms. One participant expressed that the
tool reminded them how everything is connected, referring to
how their physical and psychological symptoms impact their
ability to meet their life demands. Thetool helped them manage
their symptoms of low mood and find ways to meet their life
demands while aso balancing their other physica and
psychological concussion symptoms. Clinician participants
shared that the application of the tool decreased the risk of
complications and potentially reduced the overall length of
recovery. One participant said:

| generally see people that are at least six weeks, but
generally more like three months post-concussion.
And | would say the majority of them have gotten to
that point because they’ ve been avoiding all activity.
And | think the tool does a really good job of letting
people know that’s not what to do to get back and
gives people a bit of a guide. So, | think that's kind of
the reason that it could decrease the complications
that we know happen once somebody is avoiding
things for too long.

Many participants with concussions explained that while
physical symptoms may be more clearly linked to concussion,
the psychological impacts were not as recognized as symptoms
of aconcussion. As one participant described,

It help[ed] me to realize that a lot of the symptoms
I’m experiencing weren't from some other thing. It
was frommy concussion, even though it had happened

Turcott et d

quite awhile ago. ... so just being able to appreciate
that these things are normal, and that... there's not
something el se wrong.

Another participant described their frustration of not knowing
the cause of their symptoms to the point of questioning the
validity of their symptoms. They reported that the information
on the tool not only normalized their symptoms but also
provided them with validation that their symptomswereindeed
related to their concussion. Clinician participants similarly
expressed that the tool helped their clients normalize the
symptoms they were experiencing and provided reassurance to
their clients.

Participants with concussion indicated various changes they
made to managing their concussion symptoms or overall health
based on what they learned from the tool, some of which
included gradually returning to physical activity and improving
their ability to manage stress. In contrast, other participants
indicated that they had not made any changes to how they
managed their symptoms because they had aready made the
necessary changes before finding the tool.

Inthe cases where clientswere receiving services from multiple
providers, some clinician participants noted that the MyGuide
tool validated and reinforced the information provided to clients
by different clinicians. For some other participants, the tool
helped prime their client on a particular topic, which helped
enhance the subsequent treatment session. In particular, one
participant noted that not only did thetool provide opportunities
to learn about concussion recovery outside of treatment time
and enhance the client’s understanding of their condition, but
it also allowed for the client to elicit social support from friends
and family. Therefore, the tool both empowered clients to
self-manage their concussions and encouraged reengagement
with their social network and daily life activities.

Table 4 summarizes participants with concussion and clinician’s
perspectives on the tool’s impact. Overall, data collected from
the clinician participant interviews supported the perspectives
of participants recovering from a concussion.

Table4. Summary of perspectives on the impact of MyGuide on concussion recovery.

Participants with concussion

Clinician participants

Improved understanding of concussion symptomsand recovery process
(from acute symptoms to returning to life after concussion).

Improved awareness of and ability to self-manage triggers.
Provided reassurance and normalized symptoms.

Changed overall approach to recovery.

Improved stress-management.

Fecilitated gradual return to activity.

Reinforced basi ¢ information about concussion recovery and self-management.

Decreased potential complications associated with concussion.
Provided reassurance and normalized symptoms.

Increased client empowerment.

Provided opportunity to elicit support from family or friends.

Supported occupational reengagement.

Relevance

From the interviews, participants with concussions indicated
that the tool was useful for gaining basic knowledge about
concussion recovery and self-management strategies. However,
many reported that they found the information on the tool to be
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repetitive to other information they had already read; as one
participant described, “it was alot of reiterating stuff | kind of
already knew... it wasn't really telling me anything new.” Other
participants expressed that the tool lacked specific and detailed
content on various topics, such as nutrition and differentiating
an acute concussion from persistent postconcussion symptoms.
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Another participant suggested that the tool would have been
more useful if it included a self-monitoring tool, where
individuals could track their symptoms and strategies used to
manage their symptoms, which could be shared with their health
care team.

Some participants with concussions expressed how they had
only found out about the tool once they were further along in
their concussion recovery and indicated that had they known
about the tool earlier, it would have been much more useful to
them then. One person highlighted this when describing their
experiences after their injury, saying, “It took me months just
to figure out what it was | was dealing with. So, if | had gotten
[the tool] right away, it would have been extremely useful for
me.”’

Another participant described why it would have been beneficial
for them to have known about the tool earlier,

If | had had [the tool] immediately after having the
concussion or shortly after [with] in the month... there
would have been a lot less stress from having to deal
with it, and not knowing what the cause of some
symptoms were, and just being able to have a more
well-developed understanding of what a concussion
looks like.

Participants with aconcussion also indicated that theinformation
on the tool may be outdated and perceived the tool to be less
relevant as a result. Participants mentioned the importance of
updating the tool regularly as new concussion research is
published.

Clinician participants indicated that the tool supported and
enhanced the servicesthey provided to their clients. In particular,
participants noted that the tool provided preliminary and
important information for recovery in atimely manner, amixture
of information for different learning styles and needs, a
reinforcement of information learned during in-person sessions,
and an opportunity for remedial learning outside of treatment
time. Learning outside of clinic time provided opportunitiesfor
clientsto lead and participate more in their own recovery. One
clinician said, “I tend not to refer, | tend to work through the
concussion site with clients, | tend not to just [...] sort of give
it to them.”

For some participants, it allowed them to focus on addressing
more specific problems impacting recovery (eg, teaching the
client about pacing). As one participant shared:

If it's a motivated person, and they are actually
reading through [thetool]... | don’t have to spend as
much time necessarily providing some of that
intro-level education. So, | think it can mean that we
can move through treatment quicker. | like to give
everyone the broad education, and then really more
specific aswe goto that person’sindividual barriers.
But if a lot of the intro general stuff can be covered
on that website, and the person's actually going
through it... then | can get more specific quicker,
which... for a clinician, that’s great... it just means
that | can do things faster.
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With the increase in demand for e-health services, many
clinician participants expressed that the tool was compatible
with this delivery method. In specific cases, the MyGuide tool
could accommodate and provide access to important education
on concussion recovery for individuals with limited or no
insurance coverage. Other benefits of using the tool included
improving overall workflow, providing consistent information
across other clinicians or existing concussion rehabilitation
programs, and enhancing other therapies (eg, physiotherapy).

Integration of Mixed M ethods Results

Qualitative and quantitative results were integrated at the level
of analysis. However, the accessihility, suitability, and relevance
of thetool were only assessed using qualitative data. Multimedia
Appendix 3 displaystheintegration of resultsusing joint display.

Discussion

Principal Findings
Our study indicated that the MyGuide concussion
self-management tool has good acceptance and perception by

all participants (people with concussions and clinicians) using
thetool.

Specific recommendations were provided by both participants
with concussions and clinician participants to improve the ease
of use of the MyGuide tool. Many clinicians requested that a
downloadable PDF form be made for each module, asit would
be beneficia to increase the accessibility of the tool for those
with reduced screen tolerance. This format could also address
the minor navigation issues that a handful of participants with
concussions experienced when using the tool.

Participants aso provided suggestions for increasing
personalization and adherence to the tool. Participants with
concussions reported that the use of thetool stopped when they
acquired enough information or when they saw improvements
in their recovery. Based on this, it would be beneficial to add
more detail to modules, especially around nutrition, which one
participant noted to be sparser. Clinician participantsfound that
certain topics, such as return to sports, were irrelevant to the
client’s recovery, and some information was inaccessible to
those with low or no screen tolerance or low computer
proficiency. To address this, the tool should be recommended
to clinicians as something that should be adopted into practice
so they can support clients in refining the tool to be more
relevant to their own recovery goals. Furthermore, adding audio
or visual modes of delivery as opposed to text could increase
accessibility for individuals with lower screen tolerance.

Comparison With Previous Work

Findings from our study indicated the benefits of the MyGuide
Concussion tool; specifically, participants emphasized the
importance of reassurance to people with concussions by
normalizing their experiences. Previous research looking at
brain injury found that reassurance was ranked as highly
important when considering aspects of an intervention [35] and
that normalization of emotions and behavior were important
facilitators of self-acceptance and willingness to reach out for
help when needed [36]. Furthermore, the MyGuide Concussion
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tool was seen as beneficial for identifying symptoms, which,
in turn, helped with finding ways to manage triggers. A study
exploring barriers and facilitators of reintegration after
concussion found that lack of concussion education wasamajor
barrier to returning to learning, suggesting that the information
provided in the MyGuide tool may be afacilitator in returning
to everyday life following concussion [37]. Furthermore,
education on symptoms following a brain injury has been tied
to higher self-awareness and positive experiences during
interventions [36], as well as better outcomes [35].

Findings in our study indicated satisfaction and benefit with
using a web-based tool for self-management of symptoms and
overal recovery after concussion. Similar web-based
interventions designed for facilitating recovery in adolescents
with mild TBI have also found that web-based interventions
were effectiveinimproving executive functioning and functional
disability, although this was identified by parentsinstead of the
adolescents themselves [38]. Other studies on mTBI have
identified the active coping style involved in self-management
as being linked to improved recovery after concussion and
improved pacing of return to activity [39]. Participants with
concussion and clinicians in this study both agreed that the
MyGuide tool was best for individuals in the early stages of
recovery who require basic information about concussion and
self-management. In particular, participants with concussions
suggested that providing the tool within one month of injury
would be most beneficial asthisiswhen concussion education
isessentia to reduce stressrelated to understanding concussions
and what they look like. In line with our findings, other
web-based interventions for mild TBI have identified time as
a key factor affecting the effectiveness of the intervention, as
individuals do not have the same need for more information
later in recovery [35,38,39]. One study described that receiving
information during an optimal time of exposure was more crucia
to maximizing symptom improvement as opposed to the
frequency of use of the tool [38]. Several other studies have
highlighted providing timely services after aconcussion asbeing
a key factor in the effectiveness of self-management websites
[13,19].

The ease of use of the MyGuide tool was reported to be
relatively high for participants, and aspects such asthelinearity
of the modules, simple layout, and easy-to-understand
information were described as effective by participants. The
use of desktop computers seemed to be the preferred medium
for the use of the tool, and those using a mobile device voiced
the need for improvement of the mobile platform. Usability
studies on web-based tools for people with TBI have similarly
found that simple interfaces are favored [40]. However, in
contrast to our findings, several studies on digital health have
found that participants prefer using mobile devices over desktop
computers as more peopl e have mobile devices, and most people
keep their mobile phoneswith them at all times compared with
their computers [40,41]. This contributesto quick accessto the
digital tool whenever they need it, rather than just at home.
Although participants in the present study all resided in urban
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areas, the use of digita platforms for heath-related
self-management programs has been noted as beneficial for use
by people remote from treatment centers [42] and especialy in
rural areas [43], suggesting that the MyGuide tool has the
potential to have more far-reaching benefits than was discussed
in this study.

Limitations

There are 3 main limitationsto this evaluation. First, this study
had a smal sample size, which may limit the ability to
generalize the findings to the broader clinical population of
those with concussion. However, data saturation was met during
qualitative interviews, and the findings show preliminary support
for the use of the MyGuide tool. Second, there may have been
sel ection biaswith partici pantswith concussions asthey required
the ability to participate in an online survey and, as such, a
higher capacity to engage with screens than other people with
concussions. To mitigate this effect, participants had the option
of completing the survey by telephone, but no participants
requested a telephone survey option despite 75% (6/8) of
participants indicating decreased screen tolerance in the
guestionnaires. This suggests further research may be required
to understand whether decreased screen tolerance impacted
module completion and to assess the interpretability of the
results to the questionnaires that reported having enough
information as areason to stop completing the modules. Finally,
occupational therapists were overrepresented as clinician
participants, with no physicians involved in the study and the
findings not necessarily representing al clinicians. However,
these findings provide crucial information for later studies that
aim to specifically understand other clinicians' perspectives.

Future Research

Future research should be done to assess whether the tool can
be used in practice by clinicians other than occupational
therapists and if the earlier introduction of thetool can provide
increased benefitsto people with TBI. The use of the MyGuide
Concussion tool should aso be examined in the senior
population, considering the frequency of concussions due to
fals in this age category and because this study may have
limited generalizability asit focused exclusively on young and
middle-aged adults. In addition, it would be beneficial to gauge
to what degree screen tolerance impacts the completion of
modules and the need for clinician involvement. Finally, asthis
study revealed alower rating for User Control relative to other
features, it would be beneficial to explore what contributes to
this lower rating and what improvements can be made to
mitigate any difficulties.

The MyGuide tool is a web-based customizable concussion
self-management tool with good acceptability and perceptions
by people with concussions and clinicians in concussion
rehabilitation. MyGuide provides foundational information on
concussion and self-management strategies, normalizes
symptoms, and provides reassurance and support for
occupational reengagement.
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Abstract

Background: Health care is shifting toward 5 proactive approaches. personalized, participatory, preventive, predictive, and
precision-focused services (P5 medicine). This patient-centered care leverages technologies such as artificial intelligence
(Al)—powered robots, which can personalize and enhance services for users with disabilities. These advancements are crucia
given the World Health Organization’s projection of a global shortage of up to 10 million health care workers by 2030.

Objective: This study aimed to investigate the acceptance of a humanoid assistive robot among users with physical disabilities
during (1) Al-powered (using aWizard of Oz methodology) robotic performance of predefined personalized assistance tasks and
(2) operator-controlled robotic performance (simulated distant service).

Methods: An explorative qualitative design was used, involving user testing in a simulated home environment and individual
interviews. Directed content analysis was based on the Almere model and the model of domestic social robot acceptance.

Results. Nine participants with physical disabilities aged 27 to 78 years engaged in robot interactions. They shared their
perceptions across 7 acceptance concepts. hedonic attitudes, utilitarian attitudes, personal norms, social norms, control beliefs,
facilitating conditions, and intention to use. Participants valued the robot’s usefulness for practical services but not for personal
care. They preferred automation but accepted remote control of the robot for some tasks. Privacy concerns were mixed.

Conclusions: This study highlights the complex interplay of functional expectations, technological readiness, and personal and
societal norms affecting the acceptance of physically assistive robots. Participants were generally positive about robotic assistance
asit increasesindependence and lessens the need for human caregivers, although they acknowledged some current shortcomings.
They were open to trying more home testing if future robots could perform most tasks autonomously. Al-powered robots offer
new possibilities for creating more adaptable and personalized assistive technologies, potentially enhancing their effectiveness
and viability for individuals with disabilities.

(JMIR Rehabil Assist Technol 2025;12:e63641) doi:10.2196/63641

KEYWORDS

physical artificia intelligence; physical Al; health care robotics; assistive technology; content analysis; qualitative; health care;
robotics; assistive; robot interaction; physical disabilities; readiness; amputations

: predictive, and precision-focused services (P5 medicine). This
Introduction approach to patient-centered care uses technologies such as
Background robots. Artificial intelligence (Al) iscentral in the development

of these robots to enhance care and treatment processes[1]. Al

Hedlth care is evolving to adopt a more proactive 8pproach  efers to “the application of computer technology to mimic

through the principles of personalized, participatory, preventive,
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human intelligence and critical thinking” [2]. Through machine
learning, Al systems can autonomously enhancetheir algorithms
by learning from data and cognitive inputs without specific
programming. This research field is rapidly expanding and
becoming increasingly interdisciplinary, attracting a growing
number of researchers.

Al techniques can enhance the management of comprehensive
health services by supporting medical professionals such as
physicians, nurses, and administrators[3]. For example, Al can
provide timely access to medical information, streamline
hospital operations, and ensure patient safety by improving
medication management and care engagement [4]. Furthermore,
Al may optimize logistics, such as the just-in-time delivery of
drugs and equipment, and improve training for heath care
personnel, potentialy reducing disparities between urban and
rural health care services [3]. Furthermore, Al systems have
shown promising results within health care in predicting
conditions such as sepsis, cancer, and cardiovascular risk and
monitoring vital signsin intensive care units [5-7].

Physical Al (PAIl) [8-10] encompasses the application of Al
technologies within physical systems, devices, and
environments, enabling the performance of tasks that involve
physical interaction or manipulation in thereal world. In contrast
to software-based Al, which functionsin digital settings, such
as data analysis, natural language processing, and web-based
recommendation systems, PAl isevident in concrete, real-world
applications. Examples of PAI include robotics, intelligent
sensors, autonomous vehicles, and other cyberphysical systems
that merge computational intelligence with physica
functionalities [8-10].

Al-powered roboticsin health care may offer arange of potential
benefits that could revolutionize the field [11]. These systems
provide precision and consistency in tasks, often surpassing
human capabilities. Precision is particularly vital in surgeries
to avoid adverse events and harm to patients. Al-powered
robotics also facilitate telemedicine, allowing hedth care
professionals to conduct consultations and services remotely,
thus extending medical services to underresourced areas [12].
Such devel opmentsare crucial asthe World Health Organization
has highlighted global staffing challenges, projecting a potential
shortage of up to 10 million health care workers by 2030 [13].
To address these challenges, the health care sector is
increasingly adopting robotics and Al to mitigate workforce
shortages. Al-powered robots may not only support complex
medical proceduresbut could also assist in daily care activities,
potentially reducing the workload on health care staff. In
addition, robots integrated with Al could play a pivotal rolein
personalizing, adapting, and improving services to users with
disabilities[12]. Despite the high initial costs of implementing
Al-powered robotics in health care, the long-term benefits,
streamlined processes, and overal cost savings could
significantly improve the efficiency and accessibility of health
care delivery [14].

Related Work

The field of scientific robotics is advancing the devel opment
of socia assistive robots capable of adapting to local social
norms, interpreting human emotions and desires, and learning

https://rehab.jmir.org/2025/1/e63641
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by emulating human behavior. While these socially assistive
robots primarily offer companionship and facilitate basic
exercises, their capabilitiesin carrying out avariety of physical
assistance tasks, such as carrying and delivery, are still limited.
Robots able to assist people physically (carrying and delivery)
include robots such as Care-O-bot, Doro, TIAGo, Lio, EVE,
and Hobbit. They can be remotely controlled viahome services
or preprogrammed to operate autonomously, performing tasks
primarily ordered through atablet [15-17].

Research indicates that older adults generally perceive socialy
assistive robots as enjoyable, friendly, and safe [18,19].
However, studies by Wu et a [20] and Lee et al [21] highlight
that older individual swithout functional impairmentsfind little
relevance in these robots. The domain of assistive robotics for
individuals with physical disabilities, whether young or old,
remains nascent. Sgrensen et al [22] concluded in their review
that robots designed to assist with a variety of physical tasks
currently demonstrate an inadequate level of technical readiness
for home use, particularly due to their lack of personalization
and overal preparedness for everyday assistance. A key
challenge for effective assistive robots is managing a wide
variety of assistive situations and tailoring robots' interactions
to the living contexts and preferences (or habits) of the
individualsthey assist [23]. So far, assistive robots that provide
physical assistance have had limited capabilities for detailed
personalization, which is essential for effectively serving their
users [15]. However, recent advances in Al may enable these
robots to adapt to their users’ environments and offer services
in amore personalized manner [22].

Previous studies highlight that robot personalization is crucial
for user acceptance asit alignsrobotswith the users’ preferences
and needs, thereby enhancing their willingness to use them
[19,24,25]. Rather than taking over enjoyable activities that
contribute to physical activity, robots should assist with
challenging or energy-draining tasks, thus allowing users to
focus on preferred activities[15]. However, personalization can
be costly and time-consuming and requires ongoing technical
support as users’ needs evolve with their health status. Given
these challenges, multidisciplinary research, including
participatory design in PAI, is essential [26]. PAl combines
insights from technical and human sciences to develop robots
that intelligently interact with their physical environment, adapt
to malfunctions, and integrate with existing systems. This
approach fostersinnovation and ensuresthat robots are practical,
safe, and effective in dynamic real-world settings [4].

Currently, there is alack of knowledge about user acceptance
of robots able to assist physically or of PAl among individuals
with physical disabilities. In this paper, we present the results
of a multidisciplinary study investigating individuals with
physical disabilities acceptance of a humanoid robot (EVE)
providing personalized assistance in a simulated home setting.

Theoretical Frameworks for Assessing Acceptance of
Technology

In total, 2 models have frequently been used to assess
acceptability in users of assistive and social robots: the Almere
model [27] and the model of domestic social robot acceptance
(DSRA) [28]. The Almere model by Heerink et a [27] extends
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the unified theory of acceptance and use of technology [29] by
including factors related to social interaction. The model’s
effectiveness has been evaluated through controlled experiments
and longitudinal data collection involving 3 different assistive
socia robots in older adult care facilities and homes. The
findings demonstrated significant support for the model and,
thereby, contribute to the understanding of the factors
influencing the acceptance of assistive social robots among
older users. Heerink et a [27] highlight the importance of
considering both functional and social variables in the design
and implementation of these technologies.

DSRA [28] is rooted in the theory of planned behavior and
extends it by incorporating factors specific to the context of
domestic social robotics. These include utilitarian and hedonic
attitudes, social and persona normative beliefs, and control
beliefs. The study’s[28] findings underscore the importance of
considering these factors in the design and development of
socia robots to ensure their acceptance and integration into
domestic settings.

In this study, we used these models as frameworks in a
gualitative investigation of acceptance in potential future users
of humanoid robotsthat are ableto assist their users physically.
We use the term physically assistive robots in this paper.

Objectives

Peoplewith physical disabilities, whether from disease or injury,
encounter obstacles in their everyday activities and social
participation. Many rely on formal or informal caregivers for
assistance with activities of daily living. Upcoming demographic
shifts pose significant challenges to the availability of home
care services and assistants, potentially affecting individuals
ability to access necessary support [15].

The aim of this study was to investigate the acceptance of the
prototype humanoid assistive robot EVE in individuals with
physical disabilities during (1) Al-powered (using a Wizard of
0Oz methodology [30,31]) robotic performance of predefined
personalized assi stance tasks and (2) operator-controlled robotic
performance.

In addition, we explored potential users perspectives on how
physical robotic assistance might impact their independence
and autonomy.

On the basis of the models used as frameworks, we also
suggested changes to the concepts we found more prominent
when investigating acceptance of robots primarily designed for
physical assistance rather than socia interaction.
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Methods

Study Design

This study used an explorative qualitative design, with data
collection consisting of user testing in a simulated home
environment and individual interviews. We used human-centered
design (HCD), acreative approach to problem-solving that starts
with understanding the needs of the people oneisdesigning for
and endswith solutionstailored to their needs. HCD emphasizes
incorporating the end user at the center of the design process,
ensuring that products or servicesaretailored to meet their needs
and enhance usability [15,32]. The processisiterative, involving
multiple stages of prototypes and teststo refine and validate the
service based on user feedback, ensuring that the service is
usablein real-world scenarios[33]. Asrecommended for HCD,
we worked iteratively and in a multidisciplinary manner with
robot engineers; robot operators; and, most importantly, the
potential future users we targeted—individuals with physical
disabilities [34]. We define usability as “the extent to which a
system, product or service can be used by specified users to
achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use” (1S09241) [35].

Before the user test, we asked the participants for which tasks
they would find it most useful to receive physical assistance
from a robot. We then shared these insights with the robot
engineers, enabling the robot operators to practice performing
these specific tasks and make necessary adjustments to align
with the robot’s current technical capabilities.

First, user testing [36] of the robot was conducted in asimul ated
home environment, allowing participants to interact with the
robot in a redistic setting. This was followed by
video-stimulated interviews with the participants approximately
1 week later, providing them with an opportunity to reflect on
their experiences. For data collection and analysis, we used a
directed approach [37] based on the 2 theoretical frameworks:
the Almere model and the model of DSRA. These frameworks
guided the evaluation of how users with disabilities accepted
robot home assistance.

The Robot

This project is part of a broader project conducted at the
University of Agder focusing on exploring humanoid robotic
applications in health care. The university has acquired a
state-of-the-art humanoid robot named EVE (Figure 1)
specifically for research purposes.
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Figure 1. The humanoid robot EVE in the user testing scenario (pictures by LS).

EVE is a full-size humanoid robot designed for research and
logistic applications. Standing at a height of 186 cm and
weighing 80 kg, EVE maneuvers on 3 wheels, equipped with
grippers enabling it to manipulate objects of varying sizes. The
robot is equipped with cameras and sensors to perceive and
interact with its surroundings. Its mobility, dexterity, and balance
alow it to navigate complex environments and manipulate
objects effectively [38].

Therobots' Al-powered movements are trained using adiverse
dataset from 30 EV E robots, enabling it to perform awide range
of tasks, from tidying to socia interactions. This base mode is
then fine-tuned for specific capabilities, such as door

manipulation or warehouse tasks. Using data instead of code,
robot operators train (using virtual reality glasses and
controllers) and expand the robot’'s abilities to increase
flexibility in the robot’s functions [38].

In this study, the robot was controlled using Meta Quest 3
glasses. Operators were given a stereoscopic view through 2
fish-eyelenses calibrated to provide depth perception. The Meta
Quest 3 controllers were used to manipulate the robot’s wrist,
whereas an algorithm (self-developed Sync/Robot Control;
Figure 2) trand ated these movementsinto more complex actions,
enabling the robot to mimic human motion based on wrist inputs.

Figure 2. Sync/Robot Control (picture by 1X Technologies, reused with permission).

Recruitment

Participants were recruited through purposive sampling by
coordinators of health services at a spinal cord ward at a
rehabilitation hospital in the eastern region of Norway and a
municipality in the southern region of Norway. The inclusion
criteria for this study were individuals aged =16 years with
physical disabilities, living at home, and receiving formal or
informal care.

https://rehab.jmir.org/2025/1/e63641
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The coordinators suggested relevant candidates to the researcher
based on the inclusion and exclusion criteria (Textbox 1). The
first author, LS, then contacted the candidates with information
about the study with an invitation to participate. Seven of the
participants had previously taken part in afocus group activity
[15] where they received information about the robot and saw
videos of the robot performing different activities before their
interaction with it (although not in the context of health care).
The 2 remaining participants received information about the
robot and watched the same videos after agreeing to take part
in this study.
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Textbox 1. Inclusion and exclusion criteria.
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Inclusion criteria

« Aged=16 years

« Having physical disabilities requiring physical assistance with personal care or activities of daily living

Exclusion criteria

«  Cognitive challenges or language challenges that would make commanding the robot or answering questions in Norwegian difficult

Data Collection and Procedure

The user tests took place in a hospital room designed as an
apartment that is used for patients to practice becoming
independent before discharge. The apartment has aliving room
with a table, chair, closet, and television. It also includes an
accessible kitchen and bathroom. The control room for
controlling the robot through virtual reality was set up in the
adjacent room. It included live video feeds displayed on a
screen, live audio from the robot, and an additional speaker
system (Jabra speakers) to enhance sound quality. The
parti cipant-robot i nteraction was video recorded using 2 cameras
in the room (Multimedia Appendix 1). The participants
interaction with the robot had 3 parts (Textbox 2). First,
participants watched EVE perform 5 tasks. The tasks were
identified as useful in a previous study investigating users with
physical disabilities needs for assistance [15]. We used a
Wizard of Oz approach [30,31], in which EVE appeared to
perform tasks autonomously while ahuman operator discreetly
controlled the robot behind the scenes unbeknownst to the
participantsto simulateits functionality. Thistechniqueisoften
used in devel oping and testing technol ogies such as health care
robots and enables researchers to evaluate interactions, collect
user feedback, and identify improvement areas before fully
automating the system [30,31,39]. The presence of the operator
was revealed to participants at the conclusion of the study.

Second, the participantswere instructed to ask the robot to bring
a drink of water. Before the user testing, LS had asked each
participant how they would need and prefer to have a drink of
water served. After the participants had asked the rabot to bring
the water, the robot nodded for confirmation and went to the
kitchen to bring water (Wizard of Oz methodology). Details of
the personalized service are described in Textbox 2.

https://rehab.jmir.org/2025/1/e63641

In the third part of the interaction, the participants were
instructed to call the operator of the robot to request assistance
with achosen task. Thispart was designed to ssimulate ascenario
inwhich aremote operator could control the robot for tasksthat
were not yet automated (human in the loop). Participants
selected tasks that they often needed help with, such as picking
up an item from the floor (Textbox 2). The participant first
called out “Hallo,” prompting the operator to connect to the
robot via voice and ask how they could assist. After retrieving
therequested item, the operator asked (through therobot) if any
further assistance was needed before saying, “just call again if
there is anything you need. Have a nice day.” The robot then
returned to its parking space, which was chosen by the
participant. Some preferred the robot to be parked in the living
room, whereas others wanted it out of sight, in which case it
returned to the kitchen. The user test was facilitated by LS and
the second author, DTSJ, in collaboration with the operators of
EVE.

Approximately 1 week after the interaction, participants were
interviewed at a time and place of their choosing. Seven
interviewstook placein the participants homes, whereas 2 were
conducted at a hospital due to the participants short-term
admissions. The first author used video-stimulated recall, a
retrospective think-aloud interview technique, to help
participantsrecall, discuss, and reflect on their robot interaction
[40].

Theinterviewswere conducted by LS, an occupational therapy
specialist with knowledge of the participants functional
impairments and daily challenges but no clinical relationship
with them. The semistructured interviews were guided by
acceptance concepts from the Almere model and the model of
DSRA, with additional questionsfocusing onindependence and
autonomy (Multimedia Appendix 2).
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Textbox 2. The robot-participant interaction in 3 parts.

Sarensen et al

Demonstration of robot tasks

«  Tidying up, including picking up trash from the table and placing it in the garbage bin
« Retrieving atowel from the floor and placing it in the laundry basket in the bathroom

«  Pulling down aroller curtain using a string
«  Verbally announcing the day’s schedule
«  Opening abag of potato chips and pouring them into a bowl

Bringing the participant a drink of water, tailored to each user’s specific needs
Four participants received awater bottle that the robot obtained from the fridge:
«  For one participant, the robot placed the water bottle on the table (participant 6).

«  Three participants received the water bottle in their hand (participants 1, 2, and 7). One participant had paralysis, which required the robot to
hold the bottle still for some time until the participant managed to get a grip around the bottle. The robot released the grip as the participant said

thank you.

o One participant who also had paralysis had a glass delivered to his hand in a similar way (participant 3).

«  Two participants had their glasses placed on atable in front of them. The robot then filled a mug of water in the kitchen, came to the living room,
and filled the glass of water. One was aregular glass (participant 4), and the other was a wineglass. This participant preferred awineglassto be

able to grip and hold it by the stem (participant 8).

o One participant who was not able to move their arms had the robot deliver aglass with astraw to astand in front of their face that was mounted

on the electric wheelchair (participant 5).

«  One patient was served the drink of water in a bottle with a straw and drank from the straw as the robot held the bottle (participant 9).

A task of the participants own choosing

«  Picking up an object that was dropped on the floor (participants 1, 8, and 9)

«  Bringing the participant a newspaper (participant 6)
«  Bringing ablanket to lay over the participant’s legs (participant 2)

«  Taking something out and down from atop cupboard in the kitchen (participant 7)
«  Taking out abag of snacks from akitchen drawer, opening it, and bringing it to the participant (participant 3)
«  Scratching the back of the participant’s head using a scratching stick (participant 5)

«  Bringing the television remote control and placing it in the participant’s lap (participant 4)

Analysis

The interviews were transcribed verbatim by the first author,
omitting minor speech hesitations to improve readability. For
the analysis, we used the 16-step process described by
Assarroudi et al [41] inacombination of deductive and inductive
approach [37,42]. First, in the directed approach, the datawere
coded deductively using astructured categorization matrix [41]
based on the predetermined codes from the Almere model and
the model of DSRA (Multimedia Appendix 3 [43-51]).
According to Hsieh and Shannon [37], directed content analysis
is useful when atheory exists about a phenomenon that needs

https://rehab.jmir.org/2025/1/e63641

further refinement or devel opment through qualitative research
[37]. Second, inductive coding was performed to search for
additional concepts that might affect the acceptance of the
assistive robot and concepts that needed to be modified or could
be excluded. All data analysis was performed using the NVivo
software application (version 14; Lumivero). Theinitial coding
was performed by LS. An extract from the coding was then
reviewed by and discussed with all authors until an agreement
was reached about categories and subcategories. The findings
were finally organized into 7 categories with 13 subcategories.
Table 1 shows an example from the analysis process.
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Table 1. Example of the analysis process.

Participant statement Codes Category

“| tend to drop my phone on thefloor. If therobot could pick it up, that would «  Pick up anitem Usefulness

definitely be auseful task for me”

“...no, giving it verbal commands would not be hard for me, if youhavea «  Voice commanding; not perceived Ease of use

pet you're quite used to it.” difficult

“1 wonder abit about the monitoring, if people can see and hear what'shap- «  Distant controlling Privacy

pening in my house through the robot, | wouldn’t like that.”

«  Monitoring

Ethical Considerations

All methods were carried out in accordance with relevant
guidelines (Helsinki Declaration) and national laws. This study
was approved by the Research Ethics Committee at the Regional
Committees for Medical and Health Research Ethics (467937),
the University of Agder- Norway's ethica board, and
Sikt—Norwegian Agency for Shared Servicesin Education and
Research (343362). All participants gave their written informed
consent to take part in the study, with the possibility to withdraw
at any time. To ensure confidentiality and anonymity throughout
the analysis, identifiable details in the interviews were
anonymized, and participants and other mentioned personswere
assigned numbers. As the robot continuously records picture
and sound input and stores these data, participants signed an
additional consent form for this data collection. All data stored

Table 2. Participant characteristics.

in the robot were deleted 1 week after the robot-participant
interaction. Participantswere not compensated for participation,
but travel expenses were compensated.

Results

Overview

Eleven persons (Table 2) with physical disabilities (3 women,
8 men) agreed to participate in the user tests. Of these 11
individuals, 2 withdrew (1 woman and 1 man), 1 because of
illness and 1 because the assistant called in sick that day. The
participants were aged between 27 and 78 years, with amedian
age of 59 years. One participant had muscular dystrophy, 7 had
acervical spinal cord injury (SCI; paralysisto arms and legs),
1 had a thoracic SCI (paralysis to the legs), and al were
wheelchair users (full time).

Participant ~ Sex Age Diagnosis sCI?level Assistance  Source of assistance

ID (years) (h/wk)

1 Male 69 SCI C5-6 315 Assistants and partner, parents, or children

2 Mae 42 SCI C5-6 3 Home nursing services; assistants; partner, parents, or
children; and friends

3 Mae 37 SCI C6-7 45 Home nursing services; assistants; partner, parents, or
children; and friends

4 Mae 27 SCI C5 91 Home nursing services; assistants; partner, parents, or
children; and friends

5 Mae 59 SCI C3 154 Assistants; partner, parents, or children; and friends

6 Male 78 SCI Th4-5 315 Home nursing services and partner, parents, or children

7 Mae 31 SCI C5 52 Home nursing services; assistants; partner, parents, or
children; and friends

8 Femae 78 SCI C6 90.5 Home nursing services; assistants; and partner, parents,
or children

9 Female 60 Musculer dystrophy  Limgirde 168 Assistants; partner, parents, or children; and friends

85CI: spinal cord injury.

Although many of the participants had the same diagnosis, the
group was heterogenous in terms of level of independence.
Table 3 showsthe participants’ level of independence according
to the Barthel Index for Activities of Daily Living [52], which
assesses independence on a summarized scale from 0 to 20,
where 20 is independent. All participants received various
degrees of assistance with activities of daily living (Table 3).
All participants considered themselves above average in being
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familiar with technology, such as smart house technology,
computers, apps, and technical assistance devices. Two
participants lived in accessible apartments (one rented and one
owned). Seven of the participants lived in private accessible
houses that were adapted for their particular needs, with
automatic doors or windows, wider doors, ramps, elevators, and
no thresholds.
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Table 3. Barthel indexa.
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8The Barthel Index for Activities of Daily Living assesses the level of independence on a scale from 0 to 20, where 20 isindependent.

The extracted main categories based on the concepts from the
Almere model and the model of DSRA were hedonic attitudes,
utilitarian attitudes, personal norms, social norms, control
beliefs, facilitating conditions, and intention to use (definitions
can be found in Multimedia Appendix 3). These concepts with

subcategories are shown in Table 4. The results related to each
category and subcategory will be presented in the following
sections. We made some smaller changes to the subcategories
from the theory based on the statements from the participants.
Thisisfurther elaborated on in the Discussion section.

Table 4. Acceptance model categories and subcategories—used, modified, excluded, and added.

Category Hedonic attitudes ~ Utilitarian atti- Personal norms ~ Social norms ~ Control beliefs ~ Facilitating condi-  Intention to use
tudes tions
Subcategories «  Enjoyment o« Perceived .«  Privacy « Socidin- «  Anxiety « Nosubcatee «  Nosubcate-
used usefulness «  Trust fluence .  Safety gories gories
o« Easeof o Per-
use ceived
o  Perceived sociabili-
adaptive- ty
ness o  Societal
impact
Modifiedsub- «  Attractiveness __a — — — — —
categories «  Appearance,
used including ani-
macy
Excludedsub- «  Socia pres — — o«  Status o Sdf-efficaa — —
categories ence cy
«  Companion- o« Cost
ship
Added subcat- — — «  Indepen- — — — —
egories dence
o Autonomy
ot applicable.

Altogether, 573 statements were coded from the transcripts. Of
these 573 statements, 109 (19%) were used more than once as
they fit in more than one subcategory. Of the subcategories, the
participants spent most time talking about the robot’s functions
and how it could assist with their needs. The usefulness category
included 123 statements, with the most frequently mentioned
tasks being picking up items dropped on the floor and bringing
a drink of water. We used the International Classification of

https://rehab.jmir.org/2025/1/e63641

Functioning, Disability, and Health (ICF) to organize the
findings (Table 5). The ICF is a framework developed by the
World Health Organization for measuring health and disability
at both the individual and population levels. Other authors have
previously used the ICF concerning socially assistive robotics
to evaluate assistive technologies impact on users’ lives and
group activities that humans perform [15,53,54].
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Table 5. Assistive tasks that would make the robot useful.

ICF2

Useful assistance categories and tasks

Activity and participation .

Bringing items

Water

Snacks
Preheated food
Medication
Blanket
Newspaper
Glasses

Urine drainage bag
Phone

Clothes

Shoes

Remote control

Picking up an object dropped to the floor
Calendar reminders

Assisting with transfers

Emergency derts

Housework

Tidying
Wash windows
Putting thingsin or taking things out of the dishwasher

« Assisting with technical aids

Moving technical aids; bringing, for example, wheelchair, toilet chair, or walking frame
Putting on tarpaulin

«  Changing the position of the bed
«  Controlling thelift and car lift

«  Opening doors

«  Charging phones or tablets

Self care «  Scratching

« Putting on or taking off acomforter

8 CF: International Classification of Functioning, Disability, and Health.

Hedonic Attitudes

Appearance (Attractiveness) and Animacy

The participants’ statements about the robot did not relate to its
attractiveness and, thus, did not fit the predefined subcategory
of attractivenessfrom the model of DSRA. However, they were
concerned with how the robot should look and its human
likeness. Therefore, we named this subcategory Appearance
and Animacy. Half of the participants perceived the robot as
overly large and described it as bulky and masculine. Others
valued the robot’s ability to reach levels inaccessible to them,
stating that this was particularly beneficial for those using
wheelchairs. Participants offered no specific comments about
the robot’s hands, which featured very mechanical grippers.
They did not express a preference against more humanlike
fingers, recognizing the functionality of the grippers as
paramount. All but 1 participant appreciated the robot’'s
humanlike appearance. They did not desire a greater human
likeness, explaining that they preferred it to retain its robotic
nature to avoid a*“ creepy” overly humanlike appearance:

They have made a friendly design on it and stylishin
relation to color and so you should not make it more
human-like than that really. Thereis something about
the fact that with a robot being a robot...you should

https://rehab.jmir.org/2025/1/e63641

not pursuit more resemblance to humans, but in

relation to meeting a robot it's easier if it looks like

a human than not at all. But maybe not too much.

[Participant 2]
However, they were interested in the robot having a humanlike
voice and the option to personalize this voice according to their
preferences. While some participants appreciated the robot’s
mobility on wheels, others expressed a preferencefor asmaller,
lighter robot with legs capable of waking in stairs. One
participant expressed a wish for the robot to have a humanlike
mask and even hair:

No, first of all, it could have had compl etely different
colors, been a little neater, smaller, not so dominant
in the surroundings and then | think maybe you could
also make a more human mask, get hair on the head,
more human details, as human as possible for a robot.
[Participant 1]
Enjoyment
As the primary focus of the user interaction was the robot
providing practical assistance and not being asocia figure, we
did not particularly ask about the participants level of
enjoyment. Still, 3 parti cipants mentioned that they enjoyed the
encounter and that they believed that it would be fun to have a
robot assisting them:
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I’ve actually always liked [technology] and | liked it
better 10-20 years ago than | do now...I think thisis
great fun, but it will probably also vary, but | just
think it would be fun. [Participant 9]

Another participant stated the following:

...yes, it'svery funny this robot helping out, thisisthe
future, but it still seems far ahead...| thought it had
come further. It would have been really fun to test the
robot when it was fully Al powered. I’ m very excited
to see how smart it will be to understand its
surroundings. [Participant 2]

Utilitarian Attitudes

Perceived Usefulness

All except 1 participant expressed being impressed by the
robot’s functionality, particularly as the robot picked up a bag
of chips, opened the bag, poured it into abowl without spilling
anything, and then served the bowl to the participants. During
this task, the participants could see both finer and grosser
movement skillsfrom therobot. The one participant being most
skeptical referred to the robot as an early-stage prototype,
relating this mainly to its speed:

No, putting aside that | found it looking scary, |
thought it might be only the second version at best,
and its movements were very slow. [Participant 1]

Another participant stated the following:

| was skeptical about what he could pick up...but |

was very impressed when he picked up that bag, and

no spilling at all, then | was very impressed with it,

yes thought it worked really well. [Participant 6]
All the participants mentioned that tasks such as tidying,
bringing them things, and picking up things they dropped on
the floor would be particularly beneficial for them. The tasks
that they chose for the interaction with the robot were of such
character and were personalized to each participant’s needs
(Textbox 2). The participants appreciated that the robot could
serve adrink specifically aligned to their needs and respond to
their commands for a particular action. Several of the
participants chose for the robot to pick up an item from the
floor. Most of the participants were not able to do thisiif they,
for example, accidentally dropped their phone or other items.

The participants mentioned other assistance tasks that would
make the robot useful for them: turning lights off and on,
answering the door, reading and answering mail, helping write
signatures and other notes, scratching when itching, attaching
iPads to charging cords, putting cutlery in and out of the
dishwasher, serving guests with drinks and snacks, turning on
and filling the washing machine, adjusting the comforter if they
were too hot or cold, supporting them when transferring to the
toilet, and adjusting the electric bed.

Theinteraction with the robot a so led the participantsto expect
more advanced tasks, including tasks that would require the
robot to function outside the home. A few participants
mentioned assistance with their technical aids. One expressed
that, if the robot could follow him to his car and then roll his
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walking frame back to the apartment, that would be very useful
for him. Taking the tarpaulin off his outdoor el ectric wheelchair
and then putting it back on when he returned would also be
highly beneficial. One participant wished for the robot to be her
walking partner. She wanted the robot to assist with minor
repositioning of her hand so that she could control the joystick
of her wheelchair without fear of her hand faling off the
armrest. Another participant wanted the robot to control his car
lift for more effective boarding, and one suggested that the robot
could serve him water outside on hisverandaduring the summer.

Apart from physical assistance tasks, all but 1 participant
appreciated that the robot reminded them of their agenda. They
suggested integrating the software with their phones, noting
that registering appointments and activities in multiple digital
calendars would be cumbersome:

That [robot giving reminders] would have been useful

for me, just ask my wife (laughter). [Participant 4]
During the user test, the participants interacted with the robot
both in an automated mode (using aWizard of Oz methodol ogy)
and a mode in which the robot was operator controlled,
simulated as“municipality services-personnel” controlling the
robot. They found the ability to operate the robot remotely to
respond to emergencies or perform actions that the robot had
not yet learned to be both useful and necessary. However, they
preferred the robot to be automated for most tasks. One
participant stated the following:

It's good to have the opportunity to do that [distant
operating], but then, you should be told that “ now
we can see into your home?” [Participant 4]

Another said the following:

Yes, so it has to have that function...well there will

always be some challenging tasks, there are no homes

or ingtitutions that are the same, so there may be

physical thingsthat makeit possiblefor it to messup.

[Participant 2]
When discussing how the robot could be useful for fulfilling
their needs, the participants that received assistance in personal
care stated that the robot could never replace their human carers
completely. By watching the robot in action, they realized that
it could not assist them in tasks such as using a breathing mask
or catheterization. One participant stated that, the previous year,
she could have benefitted from the practical assistance that was
demonstrated by therobot, but as her function had deteriorated,
especialy her breathing and the risk of having something stuck
in her throat, she could only be without her human helpers for
very short periods of the day.

Several of the other participants stated that they aready had
assistants or home services attending to most of their needs.
Still, the partici pants sometimes experienced pressure ulcers or
infections, which forced them to bed rest. They suggested having
the robot present during these periods to assist in fulfilling the
tasks they needed.

However, most participants agreed that such a robot could
replace some of their assistants' time and be particularly useful
in the gaps when they did not have a human helper:
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As a backup, they [the assistants] are out driving a
lot with the kids to training and so on, and they are
shopping for me, it's nice for me to be at home, but
during summer | have to drink a lot of water, so then
it could be nice [to have a robot assisting].
[Participant 5]

Ease of Use

Through the interviews, it appeared that the participants had
above-average technological knowledge. They had advanced
wheelchair controls, smart house functions, and different
technical aids. None of the participants expressed any worries
about being able to control the robot. All agreed that voice
control was preferred. Some stated that a combination of voice
and gestures and lights would be fine. All agreed that the robot
would need to express some kind of confirmation on having
received and understood acommand, preferably through sound
as the robot could be out of itsuser’'s sight at the time:

But you never know if the robot has confirmed or
not...you need to know that it has received...if it
repeats what it is supposed to do...that it confirms
that it hasreceived, for examplewhen | ask for a glass
of water, it should say “ yes, it has been received, |
will fetch a glass of water” [Participant 2]

One participant also commented that the robot’s eyes and face
should follow its users for more normalized communication.
The participants expressed that the speakers and microphone
for EVE would need to be of a better quality. All wanted a
humanlike voicefor the robot and the ahility to choose the voice
of the robot. One participant expressed that, similarly to his
smart home control, he expected the robot to learn his voice
and that he would be able to extend commands to the robot and
they would learn from each other.

Perceived Adaptiveness

The participants expressed that the robot would need to be
adapted to their particular needs. As most of the participants
had reduced ability to grip objects, they were concerned with
therobot handing over objects and particularly waiting to release
the grip until they had managed to get a grip around the item.
They mentioned the need for the robot to adapt to be able to
navigate around the users’ homes. Some were concerned with
the robot’s ability to understand the different Norwegian
didects:

So if...you can go in...and teach it commands, that
you can go in and type in commands and then it will
execute it, | think in Norway where are so many
dialects, you haveto find a way that you can override
that [the programming] ...so that the robot can teach
itself. [Participant 2]

Another participant stated the following:

[ About receiving an object from the robot] It worked out really
well. | was very unsure about when it would release the grip,
because | was unsure if the operators were watching...I would
like to have it like...if | said “ ok;" then it would let go, that it
was sort of an agreement. [Participant 3]

https://rehab.jmir.org/2025/1/e63641
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Personal Norms

Privacy and Trust

Seven participants stated that they were not concerned at all
with any privacy issues regarding having the robot in their
homes. Even though they had been informed about how the
robots used cameras for navigation and that remote operators
would be able to connect through the robot, they did not find
thisdisturbing. However, they did appreciate theidea of asound
or light announcing that someone was connecting from the
operating central. Two participants were concerned about the
idea that someone “looked” into their house without being
informed. They suggested regulations that illegalized this and
alog that could be checked for any distant use. One participant
stated the following:

| haven't thought about privacy at all, because |
would never communicate any details to such a
machine anyway that | couldn’t handle being exposed.
[Participant 1]

Another said the following:

It's kind of important that it [the robot] manages to
do things automatically in relation to privacy...and
so that no one sits looking into your house all the
time, yes, because then you're alone, then you know
that, thisis my place and there’s no one else lurking
around. [Participant 4]

All of the participants stated that they would trust the robot.
One mentioned that he would trust it if he had a log to check
for distant on-logging. They related this both to privacy issues
and also physical safety. One participant said the following:

It will be the same as an alarm company...| have an
alarm here...they can connect to the cameras at any
time in theory, but you have to have confidence in
it...and if someone abusesthis, it must be prosecuted,
so it's about trust and that you have legidation if
something illegal was going to happen. [Participant
2]

Autonomy and I ndependence

The participants had varying views on whether such a robot
would increase their independence or autonomy. Most (n=7)
believed that the robot could enhance their sense of freedom by
assisting with necessary tasks, allowing them to do what they
wanted, whenever they wanted, without waiting for assistants,
home nurses, or family members. Two participants felt that the
absence of a human caregiver and reduced need for constant
human interaction would be advantages of robotic assistance.
In addition, 2 participants mentioned that having robotic support
during times without human assistance would make them feel
safer rather than providing afeeling of autonomy:

Yes exactly, | think it’s very fascinating and it’s also
a bit...because | get a little tired in my head from
having people here all the time because...I cannot
help but feel like being at “ work” inaway, that | feel
| haveto bein such a nice positive mode and do some
nicethings|for and with the assistants] . Because even
though | know that it isnot in thejob role of personal
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assistants, it is my life that should be lived the way |
want to live it, but | have to practice that extremely
much, to completely relax when there are other people
in the house. Yeah, | wish | could zero out my head
and | think | would have donethat easier with arobot
than a human in a way. [Participant 9]

Social Norms

Social Influence

Within this subcategory participants shared how others' opinions
on whether they had a robot as an assistant mattered to them.
Four participants stated that others’ opinions would not affect
their decision to have robotic assistants as they did not care
about others' opinions. Two participants were concerned about
others' opinions, especially on the robot’s physical appearance
in the room when having visitors:

..it matters a little to me if they [guests] feel alright
in room. [Participant 9]

Three participants stated that, somehow, they were often affected
by others’ opinions, but this was not particularly connected to
robotic assistance. They cared about whether others had opinions
on having assistance in general and on using technical aids:

Yes, it matters to me what people think, whether it's
robots or assistants or the wheelchair, so of course
you have that in the back of your mind, but from
experience, so...knowledge and exposure tend to solve
alot of it. [Participant 2]

Another participant stated something similar:

I've actually thought the same about having

assistants...yes that “ he's in such a poor condition

that he must have assistants,” they'd probably think

that it was very strange [to have robotic assistance].

[Participant 7]
However, most partici pants believed that opinions about robotic
assistance would not be negative, whereas one participant was
concerned that health care empl oyees might worry about losing
their jobs.

Societal | mpact

In addition to discussing the robot as a potential assistant for
themselves, the participants also talked about how the robot
could be useful for others. Severa of the participants were
concerned about the challenges in health care and how this
might affect access to help for peoplein need of assistance and
saw robots as a natural part of future health care services. One
stated that the home nurses were so busy all the time and it
would be good if robots could take some pressure off them,
acknowledging that robotic assistance might not involve direct
care but could instead focus on meeting practical assistance
needs:

| amvery positiveto theidea that health professionals
should berelieved of all therunning...not necessarily
the care...like wound care, but ask if you're okay and
so on...and serving breakfast or taking a breakfast
order. [Participant 3]
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Sociability

The participants discussed the robot’s communication abilities
and whether these abilitieswereimportant to them. For instance,
several of the participants stated that they felt that it was natural
to be polite to the robot and thank it for its services. They
attributed this to its human likeness. As mentioned previously,
one participant expressed dissatisfaction with the robot’'s
inability to make eye contact during communication, suggesting
that eye contact would make the interactions feel more natural.
Most participants indicated that they did not prefer or need to
engage in extensive communication with the robot beyond
issuing commands as they preferred to fulfill their social needs
with other humans. However, some noted that social interaction
with the robot could be beneficia for individualswho live aone
or feel isolated.

Control Beliefs

Anxiety

None of the participants reported feeling general anxiety or fear
during the interactions. At one point, the robot moved behind
the participants to lower a curtain, which they could hear but
not see. Despite this, none of the participants expressed feeling
uneasy. However, some participants described the robot’'s
appearance and movements as“ somewhat frightening,” “alittle
creepy,” or “not particularly nice looking.” One stated the
following:

Yes, but it was really only when it came in there and
did that stuff, when it took that blanket and bent down
it was almost like a snake person...and it doesn’t say
anything...just completely silent, just some ventilators
running that’s what was a bit creepy. [Participant 7]

Another participant said the following:

No, it wasn't uncomfortable at all, but | wondered
what hewas going to do, but then | looked to the side,
and | saw the blind coming down, then he pulled it
all the way down. [Participant 6]

Safety

The participants reported feeling safe in the robot’s presence,
and it was suggested that the robot should be ableto alert health
services in case of an emergency. The participants who had
children in the house did not feel particularly concerned about
the robot causing any harm; they simply stated that they
expected the robot to be safe before implementation. One
participant stated the following:

No, not at all [felt unsafe] and it was because | saw
that it was so steady on the wheels, | analyzed it
before it started driving. Another thing is that if
something were to happen that there could have been
a connection so that he[therobot] could have notified
someone, to call someone at the home-services
station: “ now you have to come” [Participant 1]

Facilitating Conditions

Regarding physical facilitating conditions, all participants stated
that their home was already wheelchair accessible, so both
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placing the robot and the robot moving around was not seen as
aproblem:

...if people have a wheelchair, then it is very adapted for people
who are on wheels, so in that sensg, it is almost better that the
robot is on wheelsthan if it should walk. [Participant 2]

This was supported by another participant:

Yes, it's good to have houses and apartments for

wheelchair users because there are few thresholds,

there are open solutions and things are kind of in

such a way that it's easily accessible...l have my

technical room around the corner there[| would have

placed it there], but then it's a bit far away, so then

it would take 20 seconds before he came into place,

but if there are some automatic tasks, then it's ok.

[Participant 3]
Three participants expressed that they would prefer to have the
robot placed in a separate room—to keep it out of sight—just
as they did with other technical aids. Some participants were
curious about the organization of arobot service. They expressed
concernsthat, if each robot required a separate remote operator,
it would affect the possible societal impact.

Intention to Use

Although the participants were impressed by the robot’s
functions and its ability to perform tasks aligned to their needs,
they did not see the robot asready for implementation. However,
they were willing to test the robot in their own home and were
positiveto using it when the technical readiness had progressed
to a point at which the robot could perform most assistance
tasks they needed autonomously. All participants saw the robot
as a service to be combined with other assistance, and they
would accept someone operating the robot from a distanceiif it
was necessary. The mistakes that the robot made during the
interactions, such as dropping an object or the fan being very
loud at times, did not affect their willingness to have the robot
at home. Some participants said the following:

...aslong asit correct its mistakes. [Participants 3, 4,
and 6]

Another stated the following:

| can do that, | would be willing to try [the robot as
a home service]...but of course | wouldn't have it
instead of the care that the home care service comes
with, | wouldn't replace that, no. So, care in the
bathroom and care with inserts and things like that,
| wouldn’t have wanted to use a robot for those kind
of tasks. [Participant 6]

Discussion

Principal Findings

The aim of this study was to investigate the useful ness, ease of
use, and acceptance of the prototype humanoid assistive robot
EVE among userswith physical disabilities, framed around key
concepts from the Almere model and the model of DSRA:
hedonic attitudes, utilitarian attitudes, personal norms, social
norms, control beliefs, and facilitating conditions [27,28].
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Our methodology used directed content analysis, initialy
applying a deductive approach to analyzing statements from
participant interactions with the robot EVE. Subsequently, we
adopted an inductive strategy, anticipating the discovery of
statements misaligned with concepts from the Almere and
DSRA modelsgiven their focus on assistive and domestic social
robots for users without disabilities. Contrary to our
expectations, theframeworks by Heerink et al [27] and de Graaf
et a [28] aligned quite well with participant feedback,
underscoring the relevance of these models even in contexts
involving assistive robots for individuals with physical
disabilities. However, we modified the subcategory
Attractiveness to encompass the subcategories Appearance and
Animacy. Participants were less concerned with the robot’s
attractiveness but more with its appearance, discussing issues
such as size, speed, design, and anthropomorphism. Opinions
on the robot’s size varied among participants. Some felt that
therobot wastoo large and appeared masculine, whereas others
appreciated its ability to reach objects at higher levels. Most of
the participants emphasized its humanlike appearance without
it being unsettling. They preferred functional aspects over a
fully humanlike appearance to avoid a “creepy” effect. This
sense of discomfort has been termed the “uncanny valley” by
Mori et al [55]. They noted that robots with humanlike features
are generally more appealing to people but only to a certain
extent. Beyond the uncanny valley, peopl€e's attraction turns
into unease and a propensity to feel frightened.

While participants primarily valued the robot's assistive
capabilities over its potential for entertainment, several noted
that interacting with the robot was enjoyable and anticipated
that having it at home would be fun. Hedonic factors such as
appearance and enjoyment are crucial for acceptance and have
been shown to directly influence the intention to use a robot
[27,56]. Although robots designed for physical assistance are
primarily utilitarian, they also incorporate hedonic aspects. Even
if these hedonic elements are only partial, enjoyment remains
a critical construct in any acceptance model for robotic
technology.

Thefunctionality of the robot impressed nearly all participants,
especialy its ability to perform precise tasks such as picking
up and handling objects without spillage. Participants valued
the robot’s potential to assist with personalized tasks, although
they recognized that it could not replace their human caregivers
for more sensitive tasks. Participants al so expressed ideas about
how others might use the robot and noted that its deployment
could potentially aleviate the burden on heath care staff,
highlighting its societal impact. Most participants in this
interaction study had previously participated in a focus group
that explored user needs and requirements after viewing videos
of therobot EVE[15]. Although their identified tasksthat would
make the robot useful were similar to those mentioned in the
focus group study and fell within the “Activity and
Participation” category of the ICF framework [15,53,54], we
observed that their expectations of the robot significantly
increased after seeingitinreal life. Studies on thisissue present
mixed results, revealing that users' expectations can either differ
or remain consistent acrossvirtual and real-life encounterswith
robots [57-59]. Readl interaction may demystify a technology,
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making it more approachable and less intimidating. Once
participants witnessed firsthand what the robot could do, their
comfort with the technology may have grown, consequently
raising their expectations. Direct interaction exposes users to
the robot’s practical applications and capabilities, potentially
surpassing their initial assumptions based on mere descriptions
or videos. This exposure could shift their expectations as they
begin to envision more ways in which the robot could be
beneficial in their daily lives. Moreover, after experiencing the
robot’s assistance, participants might recognize that it can
perform tasks more effectively or efficiently than anticipated.
This realization leads them to expect more from future
interactions, seeing the robot’'s potential more clearly and
imagining broader or more sophisticated applications for its
use. In addition, the fact that the tasks performed by the robot
were personalized specifically to meet their needs and executed
exactly as the participants had described may have enhanced
the overall experience.

Participants familiar with various technologies expressed
confidence in their ability to operate (ease of use) the robot,
favoring voice control as the primary mode of interaction.
Although the robot made some mistakes, such as freezing for
some seconds or dropping an object, the participants did not
react negatively to this, stating that this would be expected of
novel technology. This finding is different from those of other
studies whose participants became frustrated with the robots
errors [60,61]. It is likely that this could be related to age or
previous experiences with technology. This highlights the
importance of designing robotswith effective error management
and recovery strategies to minimize frustration and enhance
user interaction.

The consensus on the necessity for robots to adapt to specific
user needs highlights a critical area of development in assistive
robotics [22]. This adaptation is particularly crucial in tasks
such as handling objects with care and effectively navigating
home environments. Traditionally, the capacity for robots to
adapt to the unique needs of individual users has been seen as
overly complex and cost prohibitive. The challenges stemmed
from the need for sophisticated sensing technologies and
algorithms capabl e of understanding and responding to adiverse
range of human behaviorsand environmental contexts. However,
recent advances in Al have begun to shift this perspective. Al
technologies, particularly thoseinvolving machinelearning and
deep learning, have made significant stridesin enabling robots
to learn from interactions and adapt their behaviors over time.
It will now be possibleto analyze vast amounts of data generated
from user interactions to continually refine and improve robot
performance according to specific user preferences and needs.
The integration of Al alows for greater personalization in
robotic systems, which has been highlighted as crucia for
adoption in several studies[22]. This can include adjusting the
grip strength when handling objects or enhancing the robot’s
ability to operate in complex environments, such as typical
home settings where every space is unique.

To our surprise, privacy concerns were minimal among most
participants despite their awareness of therobot’s data collection
capabilities. They expressed a prominent level of trust in the
robot, equating its use to that of other everyday technologies
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such as smartphones and home alarm systems. Participantsal so
indicated that they were accustomed to the frequent presence
of visitorsin their homes, which may have contributed to their
relaxed attitude toward privacy. During discussions about remote
operation, participants preferred the robot to handle tasks
autonomously. However, they acknowledged the necessity for
remote intervention in situations in which the robot had not yet
learned a specific task or during emergencies. de Graaf et al
[28] discovered that lower levels of privacy concerns were
associated with a higher likelihood of using arobot.

Although robots may be a means to solve some of the future
health care challenges, we believe that the primary goal of using
a physically assistive robot is to support the user’s sense of
autonomy and independence. Therefore, weincluded questions
on this topic in our interviews despite its absence as an
influential factor in existing literature on the acceptance of socia
robots. Previous studies have emphasized the importance of
being able to act independently, doing what one wants, when
one wants [15]. Participants have also highlighted the
significance of not feeling like a burden to caregivers and the
value of experiencing freedom from human carers occasionally
[15]. We suggest including concepts on independence and
autonomy when investigating the acceptance of robots assisting
with daily activities.

Participants expressed varied opinions on the significance of
others perceptions regarding their use of robots as home
assistants. Some were indifferent, whereas others cared to a
degree similar to the degree to which they cared about others
reactions to other forms of assistance or technical aids. When
interacting with the robot, participants were polite, stating that
this behavior came naturally; however, they emphasized that
their primary expectation of the robot was for physica
assistance, not for engaging in conversation. Social norms play
acrucial rolein shaping individuals' attitudes toward robots by
setting expectations for their behavior and societal acceptance
[28]. These norms both directly and indirectly affect one's
willingness to adopt and integrate robots into daily life. In
addition, the degree to which robot use is viewed as normal or
endorsed by one's socia circle significantly influences an
individual’s decision to use robots [28].

Although participants noted that the robot appeared large and
masculine, they felt safe around it and experienced no anxiety
during their interactions. They al so expressed no concern about
the facilitating conditions as their living facilities were already
adapted for wheelchair use.

Methodological Strengthsand Limitations

The acceptance models devel oped by Heerink et a [27] and de
Graaf et a [28] have predominantly been applied to
guantitatively assess the acceptance of robots, particularly
among older populations. In our study, we adapted concepts
from these models to guide a qualitative investigation. We
contend that using qualitative methods is particularly
advantageous when seeking deeper, more nuanced insightsinto
the reception of novel technologies, such asthe humanoid robot
EVE used in this research. This approach allows us to capture
the rich, detailed user experiences and perceptions that
guantitative methods might overlook, providing acomprehensive
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understanding of how individuals interact with and react to
advanced robotic technologiesin real-world settings.

The use of purposive sampling in this study might have
introduced bias by including participants particularly interested
in robotic assistance, which could have influenced their
generaly positive attitudes toward the technology [15]. We
recognize that the small sample size of 9 participants may be
seen as alimitation. However, we believe that the information
power was sufficient, as defined by Malterud et al [62], who
suggest that such power is achieved when participants actively
sharetheir experiences, thereby fulfilling the study’s objectives.
Our participants, all of whom had physical disabilitiesand varied
levels of dependency on assistance, were engaged and provided
rich, insightful discussions about the potential of the robot asa
novel health care service. Thisdepth of qualitative data bolstered
the study’s information power. In addition, our findings were
rigorously analyzed through a 16-step process described by
Assarroudi et al [41], resulting in categories that align with
existing theories on robotic acceptance, directly addressing the
research questions and aims of the study [27,28,41].

A significant number of participants had experienced an SCI,
which could have introduced a specific bias in our results.
Degspite this, the needs expressed were strikingly consistent
across different disabilities, focusing on functionality over the
nature of the disability, such as impaired upper-limb function.
Moreover, the sample included more male participants,
mirroring the demographic trends observed in stroke and SClIs.
Degspite thisgender imbalance, there were no notabl e differences
in the needs or acceptance between male and femal e parti cipants
[63,64].

Using the Wizard of Oz approach raises an ethical concern due
to the element of deception as participants are often unaware
that a human operator is controlling the robot. This lack of
transparency can raise issues related to trust and honesty in
human-robot interactions. However, a study by Nasir et al [65]
explored the impact of revealing the “wizard” behind the robot
and found that participants' perceptions of the robot’s autonomy
remained largely unchanged even after the deception was
disclosed. While the Wizard of Oz method remains a valuable
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tool for simulating and testing robot behavior, managing
deception carefully is crucia, particularly in long-term
human-robot interaction studies.

Conclusions

Theresults of our study reveal acomplex interplay of functional
expectations, technol ogical readiness, and personal and societal
norms influencing the acceptance and intended use of a
physically assistive robot among individuals with physical
disabilities. Participants were generally positive about the
potential of robotic assistance to enhance their independence
and reduce reliance on human caregiversfor certain tasks, albeit
recognizing the robot’s current limitations and future potential.
While the robot was not deemed ready for immediate full-scale
implementation, participants were open to further testing in
their homes, with the condition that the robot could perform
most tasks autonomously in the future.

For developers, this study underscores the importance of a
human-centered, iterative design process. The feedback collected
has already informed improvements, leading to the devel opment
of asmaller, more functional robot with humanlike fingers and
enhanced automation, better tailored to individua user needs.
Health care managers, on the other hand, should recognizethat,
while robotic assistance is progressing, itsintegration into care
settingswill require significant adjustmentsto existing services.
This includes rethinking care delivery models, staff training,
and the balance between human and robotic caregivers.

Aswe move closer to successfully integrating robotic assistance
into users' homes, both developers and health care managers
should prepare for future implementation. This preparation
includes addressing system mai ntenance, remote operation, and
service delivery. The next steps should involve larger-scale
studiesto evaluate these aspectsin real-world care environments.

Overdl, the application of Al in robotics opens up new
possibilities for creating more adaptable and personalized
assistive technologies. This progress could reduce the costs
associated with personalized adaptations but also enhance the
effectiveness of assistive robots, making them a more viable
and helpful option for individuals with disabilities.
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