
IEEE TRANSACTIONS ON NEURAL SYSTEMS AND REHABILITATION ENGINEERING, VOL. 29, 2021 1213

Determining Factors that Influence Adoption of
New Post-Stroke Sensorimotor Rehabilitation

Devices in the USA
Corey M. Morrow , Emily Johnson , Kit N. Simpson, and Na Jin Seo

Abstract— Rehabilitation device efficacy alone does not
lead to clinical practice adoption. Previous literature identi-
fies drivers for device adoption by therapists but does not
identify the best settings to introduce devices, the roles
of different stakeholders including rehabilitation directors,
or specific criteria to be met during device development.
The objective of this work was to provide insights into
these areas to increase clinical adoption of post-stroke
restorative rehabilitation devices. We interviewed 107 per-
sons including physical/occupational therapists, rehabilita-
tion directors, and stroke survivors and performed content
analysis. Unique to this work, care settings in which therapy
goals are best aligned for restorative devices were found
to be outpatient rehabilitation, followed by inpatient reha-
bilitation. Therapists are the major influencers for adoption
because they typically introduce new rehabilitation devices
to patients for both clinic and home use. We also learned
therapists’ utilization rate of a rehabilitation device influ-
ences a rehabilitation director’s decision to acquire the
device for facility use. Main drivers for each stakeholder
are identified, along with specific criteria to add details to
findings from previous literature. In addition, drivers for
home adoptionof rehabilitationdevices by patients are iden-
tified. Rehabilitation device development should consider
the best settings to first introduce the device, roles of each
stakeholder, and drivers that influence each stakeholder,
to accelerate successful adoption of the developed device.

Index Terms— Stroke, stroke rehabilitation, rehabilitation
device, occupational therapy, physical therapy, implemen-
tation, technology.

I. INTRODUCTION

THERE are an estimated 7.8 million adult stroke survivors
in the US with additional 795,000 strokes occurring
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each year [1], [2]. Two thirds of stroke survivors are left
with some chronic impairment post stroke [3]. Post-stroke
physical impairments diminish stroke survivors’ abilities for
daily activities including self-care, hygiene, employment, and
leisure, which decreases their independence and quality of
life [4], [5].

Therefore, many sensorimotor rehabilitation technologies
are being developed to enhance post-stroke patient outcomes.
These technologies typically focus on increasing experience-
dependent neuroplasticity and restoring function [6], [7]. Some
examples include: virtual reality based rehabilitation games
to increase repetitions of therapeutic movements to restore
function [8], [9], wearable sensory stimulation to increase
cortical activation during therapy [10], wearable devices that
facilitate joint movements [11], [12], biofeedback [13], smart
objects [14], [15], and vibratory cuing devices to remind
stroke survivors to move their affected upper extremities more
frequently [16], [17]. Many of these restorative rehabilitation
devices have shown efficacy in enhancing motor outcomes of
stroke survivors [18], [19], [20]. However, many devices do not
translate to clinical practice, even with proven efficacy from
large, well-designed clinical trials [21], [22]. This significant
gap in translation from clinical trials to practice [23] indicates
that there is a need to better understand what drives adoption
of new rehabilitation devices [22].

Literature provides some insights to clinical adoption of
new rehabilitation devices. First, a new rehabilitation device
should be suitable and aligned with the treatment focus and
approaches of the particular rehabilitation setting to which
it is introduced [24]. However, existing literature does not
specify which settings are most appropriate to introduce new
restorative rehabilitation devices based on therapy approaches.
Feasibility studies for new rehabilitation devices conducted
in research labs [25], [26] do not replicate clinical settings
and do not inform adoption feasibility in clinics. Additionally,
many devices are designed for home use [27], [28] without
the knowledge of whether home is the optimal place for
introduction of the device.

Second, successful adoption requires consideration of stake-
holders [29]. At the conceptual level, there are technology
acceptance models [30], [31]. However, these models are
for general technologies such as new computers or smart-
phones, and not specifically for rehabilitation devices. Thus,
while these models provide a framework of how a sin-
gle consumer adopts technology, they do not account for
the dynamics in healthcare where multiple stakeholders are
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involved such as patients, healthcare providers, and rehabili-
tation facility administrators. At the practical level, drivers for
rehabilitation device adoption have been obtained from sur-
veys [24], [29], [32], [33], [34]. However, these studies do not
describe the interdependencies and influences among stake-
holders. In addition, viewpoints of rehabilitation directors (i.e.,
supervisors of therapists) have not been studied, despite the
fact that therapists need support from rehabilitation directors
to implement a new rehabilitation device [35]. Understanding
roles and dynamics of multiple stakeholders in healthcare may
elucidate how new devices should be developed to effectively
address the needs of all parties involved for better adoption.

Third, while previous research provides general constructs
of drivers for technology adoption for therapists and patients,
the specific criteria to guide developers is unknown. For
example, it is known that the less effort it takes to implement
a device, the more likely the device would be adopted by
patients [36] and therapists [28]. However, there is no infor-
mation on how much effort is reasonable. Similarly, while low
cost is better for adoption [22], [37], [38], the reasonable cost
is unknown. Knowledge of the context for acceptable criteria
is expected to guide new rehabilitation device development.

The objectives of this project were to use the
I-Corps™ product development and market assessment
approach to identify 1) the appropriate setting to introduce
new restorative rehabilitation devices; 2) roles of multiple
stakeholders including patients, therapists, and rehabilitation
directors; and 3) drivers influencing each stakeholder with
specific criteria. This approach generates new knowledge that
integrates information on the main drives that need to be
considered and integrated to accelerate translation of new
rehabilitation devices into new products that are optimized
for multiple stakeholders and minimize barriers to clinical
adoption.

II. METHODS

A. Interview Procedure

The keystone of the I-Corps™ approach is to accumu-
late a deep understanding of stakeholders’ perspectives on a
new product. This is accomplished by interviewing at least
100 stakeholders in real-world settings. To obtain such rich
contextual information to address the objectives, we performed
interviews with stroke care stakeholders. The interviews were
performed as part of the I-Corps™ at the National Institutes
of Health (NIH) [39]. I-Corps™ is a federal initiative to
increase the economic impact of federally funded research by
engaging researchers and entrepreneurs in conversations with
potential customers, partners, and competitors to accelerate
translation of research technologies into the market. This work
did not require an approval from the Institutional Review
Board, as recommended by the NIH, since it is not a systematic
investigation of generalizable knowledge [39].

The interview process was guided by the I-Corps™ at
NIH program. Specifically, 3 interviewers were trained by
the I-Corps™ at NIH program coaches who are experts
in entrepreneurship with medical technology. Initially,
2-3 interviewers interviewed one person at a time, to ensure
consistency for approaches and processes [40]. During this

time, one interviewer led the conversation while the others
took notes. Interviewers took turns in roles in subsequent
interviews. Interviewers met with the I-Corps™ at NIH pro-
gram coaches daily for 3 consecutive days to discuss each
day’s interview processes (e.g., number of people interviewed,
interview flow), results (e.g., new information relevant for
the objectives), and the next day’s goals (e.g., what to find
out next, who to interview, how to obtain contact for poten-
tial interviewees). Once consistency among interviewers was
achieved, three interviewers conducted interviews separately.
Each interviewer led the interview and took notes at the
same time. Multiple people were interviewed each week.
Every week, interviewers and the I-Corps™ at NIH program
coaches met to discuss findings from the recent interviews
and determine the next information that should be sought and
who should be interviewed to obtain this data. We sought
stakeholders who could further explain our newly learned
information and also provide the next insights as we learned
more about the ecosystem of stroke care, rehabilitation therapy,
and rehabilitation devices [41], [42]. This process continued
for 8 consecutive weeks.

We started with a general list of stakeholders identi-
fied from the literature and looked for representatives of
these groups. Interviewees included healthcare profession-
als, patients/caregivers, and healthcare company representa-
tives. Healthcare professionals and company representatives
were contacted via existing relationships and word of mouth
referrals. Stroke survivors and caregivers were contacted via
solicitation for an interview in-person and via online stroke
support groups, friends and families, and word of mouth
referrals. Although we were encouraged to interview insur-
ance representatives regarding insurance coverage for devices,
we were unable to find insurance representatives who agreed
to interview. The I-Corps™ at NIH program coaches assisted
with emerging needs in the interview process and guided the
progression of interviewee selection based on these needs.

All interviews were with one interviewee at a time in order
to obtain ‘expert opinions’ or ‘key informant perspectives’
that are not influenced by group discussion dynamics [43].
This method can provide richer information about individual
experiences, thoughts, and feelings [44]. The interviews were
completed in person, via teleconference or via phone call.
In-person interviews took place in the interviewee’s preferred
location such as their office, a coffee shop, or their home [45].
Interviews were requested for 15 minutes to discuss their view
on “restorative rehabilitation devices”. Respondents were free
to define this term according to their personal interest, but
we used questions as needed to clarify the devices included.
We allowed interviews to continue as longs as the respondent
desired, and some interviews lasted for more than an hour.

Interviews were semi-structured in which the high-level
key questions were predefined and asked to everyone, while
interviewers or interviewees were allowed to ask follow-up
questions in order to pursue an idea or response in more
detail [40], [46]. This approach is frequently used in health-
care, as it provides interviewees with some guidance on the
topics, and at the same time, provides flexibility for the
discovery or elaboration of information that is important to
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interviewees but may not have previously been thought of as
pertinent by the interviewers [46].

The high-level key questions were formulated to attain
the objectives stated above. Specifically, the key questions
for healthcare professionals were (i) the primary treatment
focus and approaches of their respective settings and (ii) their
roles in administering rehabilitation therapy or devices. If the
participants were rehabilitation therapy providers, they were
additionally asked for (iii) drivers and barriers to use reha-
bilitation devices. For patients/caregivers, key questions were
about their post-stroke care and rehabilitation therapy expe-
rience, drivers and barriers to use rehabilitation devices, and
how they received information for post-stroke rehabilitation
treatment. In addition, to characterize the patient/caregiver
interviewee pool with regards to rehabilitation needs, we asked
for the top 3 problems they have struggled with post stroke,
and the rehabilitation devices they have used. For healthcare
company representatives, the key interview question was what
methods they use to engage stakeholders in rehabilitation
devices. Though not stakeholders, they were interviewed to
capture their perception of the major product features for their
devices, and the strategies they use to increase sales of devices.

B. Analysis
Knowledge from each week’s interviews were discussed

through the weekly team meetings and documented in weekly
presentations for the I-Corps™ at NIH program. Major learn-
ing points from all interviews were finalized for the final
presentation of the I-Corps™ at NIH program, based on the
review of the weekly presentation documents and guidance
from the coaches.

A direct approach to content analysis [47] was used. Two
authors created a preliminary code book for drivers of reha-
bilitation device adoption informed by previous literature (for
healthcare providers [24], [32] and patients/caregivers [30]).
The authors then independently coded all interview notes. New
themes were allowed to emerge. The authors discussed codes
when a new theme emerged. A high agreement [47] in coding
between the two authors was found with a Cohen’s Kappa
of 0.83.

In addition, codes were tallied to provide a ranking of
themes [46]. Specifically, we reviewed the interview notes
from healthcare providers who have a role in administering
rehabilitation therapy and/or utilizing rehabilitation devices.
We tallied the treatment approaches and drivers for rehabilita-
tion device adoption mentioned. The number of interviewees
who mentioned each treatment approach or each driver was
divided by the total number of interviewees in that category
to compute the percentage of interviewees who mentioned
the treatment approach or driver. Similarly, we reviewed
the interview notes from patients/caregivers and obtained the
percent of patients/caregivers who mentioned each driver for
rehabilitation device use and source of information.

III. RESULTS

A. Interviewees

A total of 107 persons were interviewed, including
34 healthcare professionals, 54 stroke survivors and caregivers,

TABLE I
INTERVIEWEES (TOTAL N = 107)

and 19 healthcare company representatives across the U.S.
(Table 1). We had a goal of 100 interviews. Through snowball
sampling and data collection until theme saturation, our final
number was 107. Caregivers responded for the stroke survivor
they cared for.

The healthcare providers with a role in rehabilitation
mentioned experience with the types of rehabilitation devices
including splints/braces/orthosis (63%), electrical stimulation
(58%), app/games (33%), exercise equipment such as station-
ary hand/leg bikes (25%), activity monitor such as pedome-
ter (25%), and workstations such as Dynavision™ (17%).
Characteristics of stroke survivors interviewed are as follows.
Their top 3 problems post stroke included: upper limb mobil-
ity/strength/dexterity (86% of the interviewees), lower limb
strength/walking/balance (61%), pain (20%), numbness (18%),
speech (16%), cognition (16%), emotion (16%), fatigue (12%),
and social support (6%). They had some experience using
therapy supplies and/or rehabilitation devices, such as therapy
putty and bands (64%), splints/braces/orthosis (32%), electri-
cal stimulation (32%), and stationary hand/leg bikes (14%).
The healthcare company representatives included 10 persons
in leadership roles (e.g., CEO, Board of Directors) and
9 developers (e.g., engineers).

B. Appropriate Setting to Introduce New Rehabilitation
Devices Based on Therapy Approaches

To determine the appropriate setting to introduce new
restorative rehabilitation devices, treatment focus and approach
of various rehabilitation care settings were clarified from inter-
views with healthcare professionals. Specifically, 5 settings in
which stroke rehabilitation therapy is provided (3 inpatient,
1 outpatient, and 1 home health) were considered (Figure 1).
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Fig. 1. Stroke care flow describing transition from one care setting to another post stroke. Within each setting, the focus and therapy approaches
relevant to use of rehabilitation devices are listed.

We found that restorative rehabilitation supports the focus of
outpatient rehabilitation better than those of other settings.

The focus of outpatient therapy is to preserve and restore
neurologic function by driving neuroplasticity, such as reduc-
ing compensatory movements and refining movements since
the basic living needs have been taken care of by previous
settings. As such, outpatient therapists mentioned approaches
including use of rehabilitation devices (100%), home exercise
prescription and training (71%), spasticity management (57%),
and splinting/taping (43%).

The secondary entry point may be inpatient rehabilitation
facilities. Inpatient rehabilitation facilities house patients who
are able to tolerate daily intensive therapy but are not yet safe
to go home. Thus, the focus of treatment is to provide rigorous
therapy to enable patients to return home [48]. Therapists in
inpatient rehabilitation facilities mentioned that their primary
treatment approaches include training in ADLs (Activities
of Daily Living) (67%) including compensatory techniques
and family and patient safety training such as car transfers,
home exercise training (56%), splinting/taping (44%), and use
of rehabilitation devices such as hand bikes and functional
electrical stimulation (33%).

Other settings are less aligned for use of restorative rehabili-
tation devices. Specifically, skilled nursing and long-term care
facilities have stroke patients who cannot tolerate intensive
therapy due to severity of stroke or co-morbidities. In addition,
therapy is typically provided by external contract companies
that do not receive incentives for bringing additional rehabil-
itation devices. Home health is focused on patient safety at
home and limited to devices that can be easily carried in and
out of the therapists’ car or owned by patients.

C. Stakeholders Relevant for Rehabilitation Devices

Healthcare professionals and patient interviewees mentioned
that those who play a role in administration of sensorimotor

rehabilitation therapy or devices are physicians, occupational
and physical therapists and therapy assistants, and rehabili-
tation directors. Physicians in neurology and physical medi-
cine and rehabilitation provide medical interventions such
as spasticity management via oral medication or botulinum
toxin injection, prescribe orthotics and functional electrical
stimulation to be implemented by therapists, and refer patients
to therapy. Some primary care physicians also refer patients
to therapy per their patient’s request. Physicians and nurse
practitioners also prescribe assistive devices that involve no
more than low risk (e.g., FDA Class I devices such as
walkers) [49].

Of all healthcare professionals involved in rehabilitation,
physical/occupational therapists are the primary users of reha-
bilitation devices. If they believe the device will improve
patients’ functional recovery, therapists advocate to rehabilita-
tion directors for the need for rehabilitation devices to serve
patients’ best interests. Rehabilitation directors are the decision
makers to purchase rehabilitation devices to be owned by
inpatient or outpatient rehabilitation facilities and used with
their patients (Figure 2A).

Aside from rehabilitation devices owned by rehabilitation
facilities, patients are also able to purchase some rehabilitation
devices for home use. Most patients used rehabilitation devices
at home if instructed or recommended by their therapist
(Figure 2B). Some patients mentioned that they proactively
inquired their therapists about purchasing the rehabilitation
devices that they had been using during therapy sessions
so that they could continue using the devices at home
even after discharge. Therapists facilitate the acquisition of
devices by educating the patient on need, providing the ven-
dor contact, and/or completing medical necessity paperwork.
Caregivers/family members also assist with the acquisition
process for patients with cognitive or communication deficits.
Some patients mentioned finding out about new rehabilitation
devices from stroke support group meetings, after they were
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Fig. 2. Drivers for multiple stakeholders for clinic (A) and home use (B).
New results are indicated in green.

already discharged from therapy. Upon learning about new
devices, some patients contacted their previous therapists or
physicians or performed a web search to find a device company
representative to access the new device. However, the majority
did not follow up since they were no longer in direct contact
with therapists.

In summary, therapists are the primary influencers for
rehabilitation device adoption for both clinic and home use.
Rehabilitation directors are the decision makers for purchase
of rehabilitation devices for rehabilitation facilities. Patients’
motivation plays a large role in home use of rehabilitation
devices.

D. Drivers and Barriers of Rehabilitation Device Adoption

Drivers for adoption of rehabilitation devices are summa-
rized for each stakeholder for clinic use (Figure 2A) and home
use (Figure 2B), based on the interviews. They are detailed
below.

1) Therapists’ Drivers: For therapists, drivers for rehabili-
tation device use included perceived effectiveness (84% of
respondents), patient acceptance of a rehabilitation device
(52%), and effort expectancy for therapist (48%) (Figure 2A,
Therapist). Perceived effectiveness entailed whether they think
their patients will improve, whether the improvement will be
faster and long-lasting, whether use of the rehabilitation device
is expected to improve task performance in functional activ-
ities, perceived effectiveness from prior experience with the
same or similar devices, and/or scientific evidence. Interest-
ingly, scientific evidence was not the top driver for therapists’
perceived effectiveness. Even with strong scientific evidence,
therapists may not use a treatment approach unless it aligns
with their patients’ clinical disposition. For example, many
therapists find it easy to conceptualize and apply functional
electrical stimulation to stimulate patients’ nervous systems.
However, some therapists are hesitant to use stimulation for

sensory-impaired patients since these patients cannot verbalize
if the stimulation is too high, which could damage tissues.
Some therapists also do not use functional electrical stim-
ulation with patients with flaccidity in their arm, as they
perceive that patients without motor activity would not benefit
from the stimulation. Additionally, although faster results are
desired, outpatient therapists mentioned a willingness to try
a device for 1-2 months before changing over to another
treatment approach if they knew it would require long-term
use to see benefits. For example, one therapist mentioned an
infrared treatment for neuropathy for revascularization that
required approximately 13 sessions for results but significantly
decreased the patient’s pain, so it was therefore deemed
worthwhile. In addition, therapists are more likely to use a
treatment approach if they perceive that it would help improve
functional ADL tasks that are meaningful to their patient.

Patient acceptance influences therapists’ adoption of reha-
bilitation devices, because therapists are trained to be client
centered. Patient acceptance included not only device comfort
and safety, but also increased motivation and excitement with
new devices. If not accepted by enough patients, therapists
may forget the device, resulting in discontinued use of the
rehabilitation device.

Effort expectancy for therapists included ability to quickly
access the device without spending time away from the patient,
device portability, patient setup time, ease of use, training
needs, and discovery of new devices. Therapists are under
the pressure of high productivity demands. Specifically, they
must maintain 75-85% billable patient hours out of total work
hours. The remaining time is left for team meetings, patient
care conferences, documentation not completed at point of
care, walking from room to room, session clean up, and a
myriad of other tasks. Importantly, time for device setup,
training on new devices, and device troubleshooting is not
billable time. Thus, therapists cannot spend extra time on
device setup, unless they set up equipment concurrently while
providing patient education verbally or supervising patients
working on another therapeutic task. In addition, short training
is preferred by most therapists such as during their typical
60-minute lunch break or after work. Therapists also prefer
trainings that offer Continuing Education Units. Additionally,
they have little time or means for troubleshooting rehabilitation
devices. Therefore, any technical issues encountered with the
device (e.g., screen freezing) typically lead to discontinued
use. Therapists mentioned that they hear about new devices
from peers, physicians, conferences, scientific journals, email
lists, and vendors.

To reduce the effort needed for adoption, some device
companies offer promotional trial periods so that therapists can
trial the device in their clinics. This engagement of therapists
is important as they play a role in administering or referring to
rehabilitation device and have influence over patient decisions.
Other engagement methods include in-service information
sessions, providing specialized certifications and/or continuing
education credits, and growing a brand with reliable customer
service.

2) Rehabilitation Directors’ Drivers: For rehabilitation direc-
tors, drivers for adoption of rehabilitation devices were
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therapist use rate, impact on therapist productivity, and cost
(Figure 2A, Rehabilitation Director). All 4 rehabilitation direc-
tors interviewed mentioned that their first consideration in pur-
chase is their therapists’ needs. Specifically, they all mentioned
that they buy devices that are projected to be used frequently
based on therapist interest and an appropriate patient caseload
(i.e., high number of patients with the diagnosis and functional
level for which the device is effective in the facility). Ther-
apists that have to borrow rehabilitation devices from each
other and set sign-up schedules to share use demonstrate this
demand.

For therapist productivity, rehabilitation directors consider
time consumption for setup and training for devices. If the
device is likely to negatively impact productivity, it may not
lead to rehabilitation director approval.

As for cost, rehabilitation directors mentioned that low-
cost items (such as therapy putty and bands, disposable
electrodes for rehabilitation devices, and splinting supplies)
can be readily purchased at their discretion if within their
budget. However, high-cost items over $2,500-5,000 need to
be requested during the following fiscal year budget planning
and approved before the purchase can be made. The approval
typically requires justification for how the new device will
benefit patient outcomes, safety, or clinic marketability. Finan-
cially, the interviews indicated that the purchase of rehabili-
tation devices does not yield direct financial benefits to any
party involved in rehabilitation, including patients, therapists,
rehabilitation directors, or rehabilitation facilities. Indirect
benefits may exist for rehabilitation facilities from potential
patient referrals; however, such referrals typically only accrue
from larger devices such bodyweight support systems or
robotics.

3) Stroke Survivors and Caregivers’ Drivers: The primary
driver for rehabilitation device utilization for patients was
therapists’ recommendation (45%) (Figure 2A, Patient). The
majority of patients used devices because they were recom-
mended by their therapist. Throughout their rehabilitation,
patients rely on therapists to recommend treatments and reha-
bilitation devices for the best possible outcomes.

Secondary drivers for patients were perceived effectiveness
(30%) and ease of use (23%). Perceived effectiveness included
instant gratification (e.g., the electrical stimulation made their
hand open while they could not open the hand by themselves),
device delivering the effect that it promises (e.g., a device for
foot drop helps patients to not trip), instant feedback of their
performance/improvement (e.g., game scores), and readiness
for the next level of treatment. Ease of use included comfort
(e.g., strap that does not cause pain), device function (e.g.,
a device broke; a step counter under-recording the step counts
is frustrating) and convenience (e.g., having to place electrode
pads for an electrical stimulation device at each use 3 times a
day at home is inconvenient).

Many patients favored some therapeutic activities to com-
plete at home as opposed to just during clinic visits (70%)
to gain or maintain function. Additional drivers for home
use of rehabilitation devices included affordability (70%),
motivating/engaging (60%), and connecting with others and/or
getting information (57%) (Figure 2B, Home Use Features).

These drivers are specific to home use. In clinics, since devices
are part of therapy service and therapists use devices on
patients, patients are not concerned with affordability or other
features.

For affordability, more than half of the respondents were
upfront that they could afford nothing without insurance cov-
erage as many of them are on Medicaid and/or Social Security
Disability. Unfortunately, most rehabilitation devices are not
reimbursed by insurance. Thus, some people liked a loaner
device while they were in therapy but could not afford to own
for home use. For a small portion of patients with financial
resources to acquire new rehabilitation devices, the spending
ranged from tens, hundreds, to thousands of dollars out of
pocket for home devices.

For motivating/engaging, patients mentioned they would
be motivated to improve functional use of the affected limb
in ADLs (81%), upper/lower limb mobility (74%), dexterity
(64%), strength (62%), and sensation (38%). Some mentioned
that the typically prescribed exercise routine is boring, and
they do not enjoy participating in exercise. Some people also
did not like a device that gives a perception that they are
impaired (e.g., walker). More acceptable examples include
rehab devices that mimic common apparel, such as wrist-
watches, necklaces, or a device that can be hidden under
regular clothing. Other patients mentioned that they got dis-
charged from therapy because the therapist had run out of
treatment options and/or the patient had plateaued but are
still motivated if a new device provides a new opportunity.
Additionally, 11% of respondents mentioned that they want
stroke rehabilitation focused on younger people’s needs with
age-relevant goals of returning to work and caring for family
members.

Lastly, patients mentioned that they value connecting with
peers and getting information. Their current methods for
connecting with peers and getting information about stroke
rehabilitation options included in-person or online stroke sup-
port groups (70%), therapists (56%), online searches (49%),
primary care physicians (47%), neurologists (23%), and other
professionals including acupuncturists, nurse practitioners,
physician assistants, personal trainers/other fitness instructors
(16%), and stroke magazine/emails (4%). The stroke sup-
port groups were the primary source of information, likely
because the majority of patients interviewed were recruited
from stroke support groups. Also, the majority of patients
had already been discharged from therapy at the time of
interview. Thus, therapists include not only those whom they
are currently receiving services from, but also those whom
they received service from in the past or know from stroke
support group meetings or personally. Among those who see
primary care physicians, 25% mentioned inadequate fit for
their post-stroke care needs (e.g., their primary care physician
could not answer all their questions about their rehabilitation
needs).

The healthcare company representatives mentioned that they
intend to support this interest of patients in connecting with
others and getting information to engage patients for stronger
client relationships and continued use of rehabilitation devices.
Specifically, methods for engaging patients include helping
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patients understand their results, helping patients share their
progress in communities, providing motivation to continue,
and providing ongoing technical support as well as ongoing
updates for new features. Digital platforms help deliver these
engagement methods.

IV. DISCUSSION

A. Best Entry Points for Rehabilitation Devices

We recommend new restorative rehabilitation devices to be
first introduced in outpatient rehabilitation facilities because
of the alignment with their treatment focus and approaches.
Specifically, outpatient therapy is focused on maximizing
neuroplasticity through functional restoration and refining
skills (such as non-compensatory movements and fine motor
control/dexterity) more than other settings. Thus, restorative
rehabilitation devices are well suited to support the focus of
outpatient therapy. Consistently, all outpatient therapist inter-
viewees reported using rehabilitation devices (100% vs. 33%
of inpatient therapists).

Moreover, the outpatient setting is practical to initiate
self-directed home use of a rehabilitation device by patients.
Since the initial stress of the new stroke has subsided; patients,
caregivers, and therapists can now work on incorporating
home therapy protocols into their new life routine. Therapists
typically prescribe home therapy exercises for patients [50]
to reach the repetitions necessary for neuroplasticity and
functional recovery [51] and may recommend using a reha-
bilitation device at home if feasible. Once patients learn
how to use the device at home via multiple consults with
therapists, some patients continue using the device even after
discharge. It is difficult to reach stroke survivors for new
rehabilitation devices after they discharge from outpatient
therapy.

Although the treatment focus is more on ADLs and transi-
tion to home, inpatient rehabilitation facilities may provide a
secondary entry point for rehabilitation devices if the device
can be incorporated in ADL/functional task practices. Acute
care, home health, and skilled nursing facilities are less
appropriate settings for restorative sensorimotor rehabilitation
devices due to a lack of fit with the treatment focus.

B. Stakeholders

Another finding from this work is that developers should
consider the diverse needs of all stakeholders (hierarchically
based on their importance), because they all have roles in
the adoption process. For clinic use of rehabilitation devices,
therapists, patients, and rehabilitation directors are the primary
stakeholders. Our results show therapists are the primary
influencers for rehabilitation device adoption at rehabilitation
facilities, by using devices with patients during therapy and
requesting new devices from rehabilitation directors. Ther-
apists’ need influences rehabilitation directors’ justification
for purchasing devices for clinic use. Patients are the bene-
ficiaries of devices. Typically, patients follow their therapists’
recommendation but voice their preferences, which influence
therapists. There is no direct financial benefit of buying a

rehabilitation device for any party including patients, thera-
pists, rehabilitation directors, or facilities. Indirect financial
benefits may include less spending from faster discharge for
inpatient rehabilitation facilities and more referrals for outpa-
tient rehabilitation facilities for potentially better outcomes.
For home use of rehabilitation devices, patients decide to
buy, typically out of pocket, due to recommendations from
therapists.

C. Drivers for Rehabilitation Device Adoption in Clinics

1) Drivers for Therapists for Clinic Use: Consistent with
previous studies [24], [32], [34], [29], drivers for therapists’
device use in the clinic are perceived effectiveness, patient
acceptance, and effort expectancy. However, our interviewees
provided more specific criteria to assist device developers.
For perceived effectiveness, first, therapists use a device only
if they perceive the theoretical mechanism fits their patients’
needs. Second, therapists should perceive functional improve-
ment in patients within 1-2 months of outpatient rehabilitation,
even if therapists understand delayed gratification is expected.
Third, devices that improve ADLs/functional activities are
more desired. Finally, scientific evidence is helpful [52], but
many therapists find it not directly translatable.

For effort expectancy, it is our opinion that device setup
time should be less than 7 minutes. To bill for a full 4 units
of therapy within an hour session, patients must be treated for
minimum 53 of 60 minutes per Medicare’s 8-minute Rule [53].
It means that no more than 7 minutes could be spent for
nonbillable time such as device setup. In addition, devices
that are easy to use autonomously without cognitive demand
(e.g. requiring only a few button clicks) are preferred because
therapists typically educate patients and set up devices at the
same time to ensure full billable units.

2) Drivers for Patients for Clinic Use: This work found that the
primary driver for patients to use rehabilitation devices in the
clinic is therapist recommendation. While previous literature
showed perceived effectiveness and ease of use as important
drivers in technology acceptance [30], [34], [29], in the clinic,
patients rely on therapists to decide and use devices. Thus,
patients’ perceived effectiveness and ease of use play a lesser
role in the clinic than in the home.

3) Drivers for Rehabilitation Directors for Clinic Acquisition:
Unique to this work, drivers for rehabilitation directors were
examined. Our results indicate their drivers are therapist use
volume, productivity, and cost. Devices <$5,000 can be more
easily authorized by the rehabilitation director than higher cost
items [38] that require administrative approval.

D. Drivers for Rehabilitation Device Adoption for Home

Even though patients are the decision makers, payers, and
beneficiaries for home use of rehabilitation devices, therapists
still play a significant role in their acquisition decision. Many
patients mentioned their reason for using new rehabilitation
devices independently at home was by way of therapist recom-
mendation. Stroke survivors also learn about new rehabilitation
devices from support groups and online. However, without
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their trusted professional’s opinion, stroke survivors may not
fully buy in to a device.

For perceived effectiveness, rehabilitation devices associated
with immediate gratification and improved quality of life are
easier to adopt. For devices that lack immediate gratification,
patients may not know if they are using the device correctly
in the absence of therapist guidance and may give up too
early if they do not see immediate results. For those devices,
patient education should clearly outline time needed to see
results to minimize disappointment. For ease of use at home,
patients desire “magic bullet” devices that involve no inter-
ruption to their daily routine, no setup, no maintenance, and
no pain.

Additional drivers specific to home use include afford-
ability, motivating/engaging devices, and ability to connect
with others and get information. While these constructs have
been identified before [54], [24], [33], our results provide
detailed personal accounts. For example, more than half of
stroke survivors in our interviews have financial difficulty,
and only a small portion can afford rehabilitation devices.
Some healthcare companies have dedicated case managers to
assist patients with payment programs or scholarships/grants
to increase rehabilitation device acquisition.

For motivation, most patients are motivated by a device that
will help them improve functional use of their limbs. This
is particularly important for younger stroke survivors with
active lifestyles and familial roles. Additionally, rehabilitation
devices can be motivating by providing new treatment options
especially if a patient has plateaued in recovery. Some patients
are motivated by new exercise routines with devices, while
others consider exercise to be boring. Lastly, devices that
mimic common apparel or can be hidden are preferred over
devices that make patients appear impaired.

For connecting and getting information, some healthcare
companies use online platforms to host patient interactions
with their peers and engage patients with their companies’
rehabilitation devices. However, the success of these plat-
forms is unclear for stroke survivors who are typically older
adults [54].

E. Limitations

The focused probing and clarification techniques used did
not include audio recording and transcription of the interviews
which may increase the risk of subjective interpretation of
the information. However, recording would have jeopardized
anonymity of respondents because voice prints are identifiable.
Exact length of time of interviews was not routinely docu-
mented. In addition, we were interested in U.S. market issues,
so all interviewees were from the United States. Therefore, our
findings are not generalizable to other countries and healthcare
systems. The sample size of rehabilitation directors was low.
People who agreed to interview may be more social and
motivated and therefore might not represent all stakeholders.
Interviewees had experienced different rehabilitation devices;
therefore, drivers mentioned may be specific to certain devices
and not generalizable. The scope of this work was limited
to low-profile devices, as our interviewees’ experience was

predominantly in low-profile devices. High-profile devices
such as robotics systems will have different product char-
acteristics of importance for adoption [55], [56]. We did
not examine differences in themes by demographics, such
as education level, socio-economic status, gender, level of
technology anxiety, self-efficacy, stroke severity, and attitude.
We did not complete a stakeholder analysis to rank importance
of stakeholders’ drivers.

V. CONCLUSION

This project contributes several new ideas to improve reha-
bilitation device adoption. First, we recommend the best set-
tings for introducing new low-profile restorative rehabilitation
devices are outpatient followed by inpatient rehabilitation
facilities due to their therapy focus on restoration of function.
Second, we introduce rehabilitation directors as one of the
stakeholders in rehabilitation device adoption. We also identify
influences that stakeholder groups have on each other. Specif-
ically, therapists are the primary influencers by advocating for
device needs to rehabilitation directors for facility acquisitions,
and also by recommending a rehabilitation device to patients
for home use. In turn, patient acceptance influences thera-
pists’ use of rehabilitation devices. Rehabilitation directors
make purchase decisions based on therapists’ utilization rate,
productivity, and budget.

Third, we separate stakeholders and drivers for clinic vs.
home use of rehabilitation devices. Fourth, this work provides
detailed accounts and contexts for developers to understand
stakeholder needs. For example, we recommend device setup
time to be less than 7 minutes to meet therapists’ productivity
demands while abiding by the 8-minute Medicare Rule [53].
This provides an important setup benchmark for developers
to consider. This project also specifies devices <$5,000 can
be purchased at the discretion of rehabilitation directors
without requiring higher administration approval. Purchase
of a rehabilitation device results in only cost and no direct
profit for all parties involved in rehabilitation. These new
findings are expected to contribute to accelerating translation
of rehabilitation devices in clinics and home to ultimately
improve patients’ recovery.
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