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Abstract

Purpose: The purpose of this study was to design a mobile-friendly, Internet-based website, modeled on previously described
websites for Alzheimer caregivers, to equip stroke caregivers and potentially reduce caregiver burden.

Design: A mixed-methods study was performed to design and test the usability of the Stroke Caregiver Support System (SCSS).
Methods: An iterative, user-centered design approach was employed in three phases: (I) Focus Groups, (1) Structured Interviews,
and (lll) Usability Testing. Phase | and Phase Il provided information for the development of the SCSS website, whereas Phase Il
helped in gathering data regarding the usability and efficacy of the newly implemented SCSS website.

Findings: Qualitative data on caregiving and the content and design of the SCSS were obtained from focus groups and interviews.
In the usability test, the nine caregivers who completed Phase Ill (78% women, mean age = 46, SD = 17) exhibited a high level of
burden and depressive symptoms (median [Q1, Q3] Zarit burden score = 18 [16, 23], Center of Epidemiologic Studies-Depression
Scale =15 [8, 17]). Caregivers conveyed the usability of the SCSS but also expressed several needed improvements.
Conclusions: Participants reported the value of the SCSS, but further refinements are needed to maximize its usability and

potential efficacy.

Keywords: Caregiver; stroke; technology.

Clinical Relevance: The SCSS has potential to reduce caregiver burden in stroke.

INTRODUCTION

Stroke is the leading cause of adult disability in the United
States (Benjamin et al., 2018), and consequently, the esti-
mated prevalence of caregiver burden among informal
stroke caregivers is high, ranging from 25% to 54% (Rigby,
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Gubitz, & Phillips, 2009). The global estimated prevalence
rates of depression and anxiety in stroke caregivers are
40.2% and 21.4%, respectively (Loh, Tan, Zhang, & Ho,
2017). Thus, burden among stroke caregivers remains an
urgent public health problem.

Evidence suggests that the lack of adequate informa-
tion is a major risk factor for burden in caregivers of stroke
survivors (Camak, 2015; El Masry, Mullan, & Hackett,
2013). Educational interventions have employed face-to-
face or telephone sessions led by healthcare professionals
as methods of curricular delivery (Cameron et al., 2015;
Fens et al., 2015; Forster et al., 2015; Pozet et al., 2016;
Worrall et al., 2016). However, the American Heart Asso-
ciation recently recommended more research on technology-
based interventions to better meet the rapidly changing
needs of stroke caregivers (Bakas, McCarthy, & Miller,
2017). Technology-based interventions offer many advantages
compared to traditional curricular delivery, including ease of
implementation, increasing technological literacy, asynchro-
nous communication, use of multimedia platforms, and poten-
tial to reduce disparities by increasing the reach of resources.

We aimed to design the Stroke Caregiver Support Sys-
tem (SCSS), a mobile-friendly website for stroke caregivers.
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To maximize usability, we employed an iterative, user-
centered approach based on protocols from the Center for
Research and Education on Aging and Technology Enhance-
ment (Czaja et al., 2006), which ensures that members of the
target population contribute to the design of the intervention,
increasing its usability and potential efficacy.

Methods
Rationale and Overview of Study Design

An iterative, user-centered approach was employed to
develop the SCSS through focus groups, structured in-
terviews, and a usability study (Figure 1). Research asso-
ciates were trained based on protocols from the Personal
Reminder and Information Management System for
Seniors trial (Czaja et al., 2015). At each phase, feedback
from caregivers was used to refine the intervention. All
participants provided informed consent. This study was ap-
proved by the institutional review board at the University
of Miami Miller School of Medicine. All quantitative data
were captured using the RedCap Database at University of
Miami Miller School of Medicine (Harris et al., 2009).

Recruitment and Eligibility Criteria

Recruitment was done through advertisements and refer-
rals from the University of Miami Hospital and Clinics
and stroke providers throughout Miami-Dade County.
Eligibility criteria included (a) >18 years old, (b) self-
identification as an informal (i.e., relative or friend who
does not have a role as health care provider for the stroke
survivor) caregiver to a stroke patient, (c) self-report of
assisting the stroke patient with instrumental or basic ac-
tivities of daily living, (d) stroke within the past year, and
(e) access to the Internet and/or mobile device. Those who
participated in one phase were ineligible for participation
in a subsequent phase. Data gathered from Phase I and
Phase Il provided information for the SCSS website devel-
opment and implementation, whereas data from Phase III
provided insight on SCSS website usability and efficacy.

Initial Design of SCSS

The template for the SCSS was the “Caring for the Caregiver
Network” (Czaja, Loewenstein, Schulz, Nair, & Perdomo,

Phase |: Focus Phase II: Structured 5| Phase lll: Usability
Group (N=7) Interviews (N=4) Study (N=9)

| | |

Phase | Data Used to Refine SCSS  Phase Il Data Used to Refine SCSS

Figure 1. Overview of study design.
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2013), a technology-based intervention for dementia care-
givers. Consultation from stroke specialists (G. H. and
C. B. W.), publically available resources from the American
Stroke Association and National Stroke Association, and
existing literature on stroke caregiving were used to guide
the initial prototype. The online teaching platform Moodle
(https://moodle.org/) was used to build the SCSS.

Phase I: Focus Groups

The objectives of Phase I were to identify the concerns of
stroke caregivers and to gather preliminary qualitative
feedback on an initial prototype of the SCSS. The focus
group guiding script is presented in Table 1. Focus groups
were conducted in the preferred language of the caregiver
(English or Spanish). A sociodemographic questionnaire
and the 12-Item Zarit Burden Interview (Bédard et al.,
2001) were administered prior to the focus group. The fa-
cilitator inquired about challenging domains of caregiving
and technology use by asking participants to raise their
hand if they agreed/disagreed with a statement. The num-
ber of participants who agreed/disagreed was recorded.
Participants were then asked about their personal expe-
riences and resources that would have benefited them.
Finally, participants were presented with the SCSS prototype
via PowerPoint presentation and asked about the design and
content of the prototype. Sessions were audio-recorded and
annotated. Data from these focus groups were used to refine
the SCSS for Phase II.

Phase IlI: Structured Interviews

The purpose of the structured interviews was to gather
detailed feedback regarding the design and potential
usability of SCSS. Structured interviews were conducted
in the preferred language of the caregiver (English or Spanish).
Participants completed the sociodemographic and 12-Item
Zarit Burden Interview (Bédard et al., 2001) questionnaires
before the interview. A research associate asked the partici-
pants about the modules, design (color scheme, font, legibil-
ity, etc.), and potential value of the SCSS. Feedback from the
structured interviews was used to further refine the SCSS for
Phase III. The final version of the SCSS contained modules
with an introductory video custom-made by the research
team and resources from the American Heart Association
and the National Stroke Association, organized by topic
area (Figure 2).

Phase llI: Usability Testing

The objectives of the usability test were (a) to test usability
of the mobile-friendly website, (b) gather more feedback
for intervention refinement, and (c) collect preliminary data
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Table 1 Guiding script for focus group

Caregiving Questions

1. What types of challenges do caregivers of stroke patients
confront?
a. How many of you think “physical”?
b. How many of you think “emotional”?
¢. How many of you think “cognitive”?
d. How many of you think “behavioral”?
e. How many of you think “communication”?
f. How many of you think “financial and/or legal”?
g. How many of you think “resources in the community”?
h. How many of you think “stress management"?

2.What do you think are the main concerns about being a caregiver
to a relative who has had a stroke?

3. What type of barriers do you think stroke caregivers confront in
terms of accessing needed care and support?

4. Do you feel stroke caregivers have problems getting needed
informal care and needed social and emotional support?
a. How many of you think “YES"?
b. How many of you think “NO"?

5. What were some positive aspects of caring for your loved one after
their stroke?

Curriculum Video and Design Questions

1. How many of you use other applications on your smartphones?
What types of smartphone applications do you currently use
a. Social media (Facebook, Twitter, etc.)
b. Resources (recipes, maps, etc.)
c. Entertainment (online games, entertainment news, etc.)
d. Shopping (Amazon, Hautelook, etc)

2. Please take a moment to look at the prototype for our smartphone
application. What are your initial thoughts?
a. Do the menu options/icons make sense? Do they flow logically?
b. Would you rather have the options/icons at the top of the
screen? On the right/left side?
c. Is the font legible?
d. Is the color scheme easy to look at?
e. What are some areas of improvement?

3. Please take a moment to look at the prototype for our website.
What are your initial thoughts?
a. Do the menu options/icons make sense? Do they flow logically?
b. Would you rather have the options/icons at the top of the
screen? On the right/left side?
c. Is the font legible?
d. Is the color scheme easy to look at?
e. What are some areas of improvement?

4. Please take a moment to watch this curriculum video. What are
your initial thoughts?
a. Is the information relevant?
b. Is the information presented clearly?
¢. What are some areas of improvement?

5. Do you think that stroke caregivers would find this useful?
a. If not, how can we make it more user-friendly/useable?

on the main outcome measures of interest. Participants were
asked to attend initial and follow-up in-person assessments
and utilize the SCSS for approximately 2 months. During
the initial assessment, participants completed the sociode-
mographic questionnaire (Czaja et al., 2006) and a battery
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based on the “Caring for the Caregiving Network” protocol
(Czaja et al., 2013), which include the 12-Item Zarit Burden
Interview (Bédard et al., 2001), Activities of Daily Living
(Katz, Ford, Moskowitz, Jackson, & Jaffe, 1963), Instru-
mental Activities of Daily Living (Lawton & Brody, 1969),
10-Item Center for Epidemiologic Studies-Depression Scale
(Radloff, 1977), Social Support (Barrera, Sandler, & Ramsay,
1981; Krause, 1995; Krause & Markides, 1990), Prepared-
ness (Archbold, Stewart, Greenlick, & Harvath, 1990),
and Caregiving Self-Efficacy (Steffen, McKibbin, Zeiss,
Gallagher-Thompson, & Bandura, 2002). Research asso-
ciates introduced participants to the intervention on a
laptop or desktop computer and mobile device. Partici-
pants were assigned a username and password and access
to the first three modules (Table 2). Research associates
instructed the participants to watch the introduction video
for each module, then peruse and utilize the resources best
suited for their situation. Two modules were released
biweekly per the module schedule (Table 2). Participants
were e-mailed weekly reminders and asked to complete a
brief survey about each module. During the follow-up as-
sessment, participants completed the above assessments
and a program evaluation, data from which will be used
to improve the intervention for future studies.

Data Analysis
Qualitative Data Analysis

For Phases I and II, qualitative data were recorded by a
trained research associate and summarized using matrix
analysis methods with a rapid assessment approach (Miles,
Huberman, & Sandafa, 2014), which is designed for inter-
ventions that require faster assessment due to continuously
developing technologies or emerging public health problems.
Matrices allow for the analysis of responses by domains
of caregiving and/or design feature.

Quantitative Data Analysis

Questionnaire responses were summarized with frequencies
and percents (for categorical data) or means (standard devi-
ations) or medians (25th percentile, 75th percentile; for
continuous data). Medians were presented for nonnormal
data. Because of the small sample size of this study, data
are presented per participant. Data management and anal-
ysis was conducted in SAS 9.4 (SAS Institute, Cary, NC),
and plots were generated in R using the ggplot2 package
(Wickham, 2009).

Results

Phase |

A total of seven stroke caregivers (n = 3 English-speaking,
n = 4 Spanish-speaking) participated in two focus groups
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Welcome to An Introduction to Caregiving

We know that becoming a caregiver to a stroke survivor can be overwhelming. We hope this page
will provide you with resources that will help guide you through your journey as a caregiver.

B Latest Updates
Click here for some of the latest updates to this page.

.‘; Stroke Family Warmiine

Call 1-888-4-STROKE (1-888-478-7653) to reach the Warmline team and speak to an
American Stroke Association team member who can provide more information about
stroke.

Source: American Stroke Assoclation

What is Caregiving?
This section will help you understand what caregiving Is.

-]

& | IHOPE: Creating a Caregiving Support System
This webinar is given by Sara Palmer, PhD, and provides information on the caregiving role,
social support, and self-care.
Source: National Stroke Association

@ | Carogiver Poem

This poem, by a fellow stroke caregiver, summarizes common feelings that are experienced
when caregiving.
Source: American Stroke Association

Figure 2. Screenshot of standard module format.

(Table 3). All the caregivers were women and ranged in age  five reported greater than a high school education, and six
from 49 to 72 years (mean [SD] = 60 [9]). Of the seven care-  identified as Hispanic/Latino. The median Caregiver Burden
givers, four identified as the spouse of the stroke survivor,  Score for these seven caregivers was 18 (Q1, Q3: 12, 20;
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Table 2 Phase lIl: Schedule of module release

Time Name of Module

First Assessment  Introduction to the Stroke Caregiver Support System
What Is Stroke?

Introduction to Caregiving

Week 2 Stress Management
Behavioral and Emotional Aspects of Stroke
Caregiving
Week 4 Cognitive Aspects of Stroke Caregiving
Physical Aspects of Stroke Caregiving
Week 6 Financial and Legal Issues
Week 8 Communication With Stroke Survivors

Communication With Healthcare Providers

maximum possible score = 44), suggesting elevated care-
giver burden in our sample.

Stroke caregivers reported many challenges across all
domains of caregiving (Table 4). In particular, caregivers
reported concerns regarding the physical aspects of care-
giving, especially ambulating and fall risk. Also, caregivers
reported difficulties with time constraints, concerns with
the lack of trained professional caregivers, and financial
difficulties. Emotional challenges reported included accep-
tance of caregiving situation, depressive symptoms, and
stress management. Behavioral and cognitive issues experi-
enced by the stroke survivors were also of concern to the
caregivers, especially memory problems and resistance to
accept help. Caregivers reported a lack of information re-
garding caregiving from their physicians, with a desire
for more information upon hospital discharge. Caregivers
also reported positive aspects of caregiving, including the
ability to help their family and improvement of the stroke
survivor’s function.

Almost all caregivers reported regular, current use of
smartphones. Feedback for the prototype of the interven-
tion included addition of a chat forum, integration of
videos with resources and demonstrations, improvement
of design, and information regarding accessibility and
cost of resources (Table 4).

Given these data, we added a module on Financial and
Legal resources and a chat forum and redesigned the videos
to address resources available in each module.

Phase Il

A total of four caregivers participated in one-on-one, struc-
tured interviews to provide detailed feedback regarding the
intervention, which was refined upon based on Phase I
data. All four caregivers were women, with a mean (SD)
age of 57 (3) years and reported greater than a high school
education. Of the four caregivers, two were English-speaking,
three were children of the stroke survivor, and two iden-
tified as Hispanic/Latino. This sample exhibited a median

MR. Caunca et al.

Burden score of 7 (Q1, Q3: 6.5, 9.3, maximum score
possible = 44), which indicates a relatively low level of bur-
den in this sample (Table 3).

These caregivers provided feedback regarding the de-
sign of the intervention (Table 5). One caregiver reported
the font was too small in some modules. Low volume of
the videos was a common criticism of the interface. Most
caregivers preferred accessing the website through their
smartphone browser rather than their computer (Table 5).

Caregivers also provided detailed feedback regarding
each module of the intervention (Table 6). Generally,
most modules were considered well-organized, complete,
and necessary, with helpful information and adequate
resources. The discussion of different stroke types in the
“What Is Stroke” module was appreciated by most par-
ticipants. One participant warned about terms that may
be “too scientific” for the audience. Caregivers also expressed
that caregiver burnout and mental health should be em-
phasized more in the “Introduction to Caregiving” module.
Two out of the four caregivers found the “Stress Manage-
ment and Self-Care” module helpful and necessary. The
“Physical Aspects of Stroke Caregiving” module seemed
particularly important to caregivers who expressed a need
for this information and confusion about where to find it.
The modules concerning behavioral and emotional issues,
cognitive issues, and communication modules were appreci-
ated by the caregivers.

Given these data, we increased the font size of the
SCSS, edited and re-recorded videos if needed to address
low volume issues, and revisited each module to address
complexity of language.

Table 3 Participant Characteristics for Each Study Phase

Phase | Phase Il Phase |l
N=7) N=4) N=9)
Frequency (%)
Female 7 (100) 4 (100) 7 (78)
English-speaking 3 (43) 2 (50) 7 (78)
Spanish-speaking 4 (57) 2 (50) 2 (22
Relationship to care recipient
Spouse 4 (57) 0(0) 1071
Child 3(43) 3(75) 6 (67)
Parent — — 2(22)
Greater than high school 5(71) 4 (100) 7 (78)
education
Identifies as Hispanic/Latino 6 (86) 2 (50) 6 (67)
Mean (SD), Range
Age (years) 60 (9), 49-72 57 (3),53-59 46 (17),
25-68
Caregiver Burden Scale® 18(12,20), 76593, 19(16,23),
(median [Q1, Q3]) 2-27 5-16 8-38

“Maximum possible score = 44.
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Table 5 Phase II: Rapid assessment matrix analysis of style and design of the Stroke Caregiver Support System

General Features

Video Quality Phone Version

General comments Font size and color adequate well-organized,
feedback survey had appropriate questions.
All approved of the forum.

Participant 1 (English) —

Participant 2 (Spanish) Thought that font was too small in some

modules

Participant 3 (English)
Participant 4 (Spanish)

Low volume on intro video Prefer phone over laptop “looks
even better” on the phone
Low volume Prefer phone over laptop

Content informative

Adequate size and image quality
— Prefer laptop over phone

Low volume Prefer phone over laptop

Content informative

Adequate size and image quality

Phase Il

Baseline characteristics for the participants in this phase
are presented in Table 3. Most caregivers were women,
English-speaking, children of the care recipient, had a
greater than high school education, and identified as
Hispanic/Latino. The mean (SD) age of our sample was
46 (17) years.

Figure 3 displays the baseline measures in the outcomes
of interest for each caregiver. The median (Q1, Q3) Zarit
Burden Score was 18 (16, 23; maximum score = 44), indi-
cating a relatively high level of burden in our sample.
Caregivers exhibited a high number of depressive symp-
toms (median [Q1, Q3] =15 [8, 17], maximum score = 30),
with about half of the caregivers in our sample exhibiting
elevated depressive symptoms (Center for Epidemiologic
Studies-Depression Scale score > 15). Caregivers helped
their care recipients with more Instrumental Activities of
Daily Living (median [Q1, Q3] = 7 [7, 8], maximum
score = 8) than Activities of Daily Living (median [Q1,
Q3] =3 [1, 6], maximum score = 7). Caregivers reported
adequate social support (median [Q1, Q3] = 36 [33, 39],
maximum score = 53) and preparedness (median [Q1,
Q3] = 2 [1.25, 2.13], maximum score = 4). Finally, care-
givers reported a relatively high level of self-efficacy (median
[Q1, Q3] = 196 [180, 208], maximum score = 12).

Results from the project evaluation generally reflected
potential for the SCSS to aid in caregiver preparation and
alleviate caregiver burden. Overall, participants reported
that they benefited from participating in the study (mean
[SD] = 1.5 [0.84], maximum possible score = 2). Partici-
pants reported that the website was easy to use (mean
[SD] = 1.7 [0.52]) and that the information provided by
the website was easy to understand (mean [SD] = 1.7,
[0.52]). Six participants used the SCSS once a month, three
participants reported weekly use, and half of the partici-
pants used the SCSS on their mobile device. Overall, care-
givers appreciated the “easily accessible and organized”

resources and the specific resources on stress management.
Caregivers also noted that the website was “useful because
[it was] accessible anytime” and that the “information was
well-organized.” One caregiver noted that, “the resources
were very useful to explain stroke and they helped me
handle stress and anxiety.”

Results from the project evaluation also highlighted
several important points for improvement. Caregivers re-
ported that the SCSS improved the stroke survivor’s life
only “some” (mean [SD] = 1 [0.63]). The modules that
were least useful were “WhatIs Stroke?” (mean [SD] = 1.2
[0.98]) and “Behavioral and Emotional Challenges of
Stroke Caregiving” (mean [SD] = 1.2 [0.75]). Also, care-
givers reported that the module videos were only some-
what useful (mean [SD] = 1 [0.89]). Overall, caregivers
found the “website layout not engaging,” “first two mod-
ules too generic,” and the information in the videos “not
specific.” Caregivers also reported that they would prefer
if all modules were provided at the beginning “as stroke is
sudden and all patients have a different journey.” Finally,
caregivers would like videos “with real-life experiences of
other caregivers” and “with more practical information.”

Discussion

The present study describes the development of a mobile-
friendly, web-based curricular intervention targeting stroke
caregiver burden. An iterative, user-centered approach was
employed to maximize the usability and potential effi-
cacy. Results indicate that informal caregivers experience
emotional stress attributable to caregiving. Caregivers also
expressed the potential usability of the SCSS, but further
refinements are needed. Examples of these refinements in-
clude making all modules immediately available for the
caregiver and greater individualization of modules to meet
the specific needs of the caregiver.

These findings support the American Stroke Association
recommendations to explore technology-based interventions
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Figure 3. Baseline measures for usability test (N = 9). CES-D = Center for Epidemiologic Studies-Depression Scale; ADL = Activities of Daily Living;
IADL = Instrumental Activities of Daily Living.
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for stroke caregiver burden (Bakas et al., 2017). The acute
and heterogeneous nature of stroke necessitates a tailored
and flexible intervention, which could be addressed with
a technology-based intervention. Given the caregivers’
preference for the mobile version of the website, leveraging
mobile technologies could increase the reach of the SCSS.
A mobile-friendly, web-based intervention has been tested
in a multinational European study (Barbabella et al., 2016),
but because caregivers for many different diseases were
studied, further work is needed to tailor interventions spe-
cifically for stroke caregiving. Pierce et al. investigated the
role of an e-rehabilitation team in responding to caregivers’
concerns by e-mail as part of the Caring ~ Web web-based
intervention. This study showed how the Caring ~ Web
interevention helped the caregivers deal with their new
caregiving role and with caregiving burden by providing
information through e-mails on community services, med-
ication management, and physical well-being of the stroke
survivors (Pierce, Steiner, Khuder, Govoni, & Horn, 2009).
Our study extends this work through a standardized set of
modules based on existing resources that can be accessed
by the stroke caregivers both through mobile phone or per-
sonal computers. Unlike Caring ~ Web, we did not provide
a one-to-one e-mail service nor did we have specific resource
modules, which should be improved in future studies.

Indirect evidence supports the use of mobile technol-
ogy for stroke caregiver burden. Telephone interventions
have been used to improve skill building (Pfeiffer et al.,
2014) and reduce task difficulty (Bakas et al., 2009). In
addition, a recent proof-of-concept trial tested an e-Health
intervention to improve stroke patient outcomes through
caregiver-mediated mobility exercises facilitated by tele-
rehabilitation services and showed reduced strain and
improved self-efficacy in caregivers (van den Berg et al.,
2016). Though promising, this intervention did not in-
clude targeted curricula on stress management or non-
physical consequences of stroke. Other interventions
similarly target specific deficits in stroke, such as apha-
sia or depression, and are not comprehensive (Woodford,
Farrand, Watkins, Richards, & Llewellyn, 2014; Worrall
et al., 2016). The comprehensive nature of the SCSS can
help fill this gap in the literature. The SCSS also must in-
corporate a more tailored curriculum that is individual-
ized to the needs of the stroke caregiver, including the
status of the stroke survivor recovery similar to other inter-
ventions that maximize caregiver support during particular
phases in poststroke recovery (Cameron et al., 2014). Future
enhancements of the SCSS will increase the usability and the
potential efficacy to reduce caregiver burden.

Limitations of this study should be noted. The small
sample size limits the generalizability of the findings. Usabil-
ity can still be reliably assessed in a small sample (Lewis,
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1994), but data on outcome measures should be interpreted
with caution. History effects and the lack of a control group
are also potential sources of bias. Most of our participants
were women; two participants of Phase IIl were men.
African Americans were underrepresented in our sample,
which is a limitation of this study given the high risk of
stroke in this racial group (Benjamin et al., 2018). Future
studies should include a larger, diverse sample to enhance
generalizability. This study also has several strengths. First,
our sample included Hispanic/Latino participants, an ethnic
group at higher risk of stroke compared to non-Hispanic
Whites (Benjamin et al., 2018). Second, we employed an
iterative, user-centered design, which maximizes potential
usability and involves the target population in each stage
of development. Finally, the SCSS was based on evidence-
based caregiver interventions in older adults (Czaja
etal., 2013).

Overall, the SCSS has the potential to alleviate stroke
caregiver burden and can be an extremely useful tool in
stroke rehabilitation nursing. Reducing caregivers’ stress
and burden will ultimately benefit stroke survivors’ health,
well-being, and recovery poststroke. Feasibility studies are
warranted to determine potential usability and gather data
on a broader sample.
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