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Objective: This paper reports the iterative redesign, feasibility and usability of the Comprehensive Mobile
Assessment of Pressure (CMAP) system’s mobile app used by Veterans with SCI.

Design: This three-year, multi-staged study used a mixed-methods approach.

Setting: Minneapolis VA Health Care System, Minneapolis, Minnesota.

Participants: Veterans with spinal cord injury (N = 18).

Interventions: Veterans with spinal cord injury engaged in iterative focus groups and personal interviews,
sharing their needs and desires for the CMAP app redesign. App developers used these data for the
redesign. The redesigned CMAP app was tested for six-weeks in users’ homes.

Outcome Measures: Quantitative (surveys) and qualitative (interviews) methods measured feasibility for self-
management of seating pressure. Qualitative data were audio recorded, transcribed, anonymized, and
coded. Survey data were analyzed using summary statistics.

Results: After the CMAP system’s redesign, the in-home use interview found: (1) any tool that can assist in
prevention and monitoring of skin ulcers is important; (2) the desired key features are present in the app; (3)
the main barrier to CMAP use was inconsistent functionality; (4) when functioning as expected, the live
pressure map was the central feature, with reminders to weight shift also of high importance. The survey
found: power wheelchair users tended to score closer than manual wheelchair users to the positive response
end ranges on two separate surveys.

Conclusions: Overall both the power and manual wheelchair users reported that they wanted to use the system,
felt confident using the system, and that the functions of the system were well integrated.

Keywords: Wheelchair seating, Pressure injury prevention, App, Mixed methods

Introduction
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27,000 Veterans with SCI and related injuries annually.’
Spinal trauma may require the use of a manual or
motorized wheelchair for mobility. Use of a wheelchair
imposes an almost permanent seated position on the
person and creates a daily threat of acquiring a life-
threatening sitting-related pressure injury.

Sitting-related pressure injuries result from damage to
tissue to the sacral, ischial and sacrococcygeal areas.
Risks for injury include but are not limited to pressure,
shear, friction, moisture, poor nutrition, immobility,
and lack of adherence to acknowledged preventative
behaviors.>* In the US, 25% of adults with paralysis
will have one or more pressure injuries at any given
time.>® Pressure injuries are a primary reason (secondary
only to diseases of the genitourinary system) for hospital
readmission for those with a SCI across all time periods
(1-20 years post SCI).”'° With pressure injury recurrence
rates as high as 79%' "1 there exists a critical clinical need
to target prevention of pressure injury development to
avert serious complications and death.'*!*

Education is a key component for the prevention of
sitting-related  pressure  injury  development.'>'®
However, retention of the education provided during
their inpatient rehabilitation is a mere 50% after 30
months, contributing to suboptimal adherence to preven-
tion recommendations.'> Even with careful adherence to
skin health recommendations and education, pressure
injuries still occur from seat cushion failures, inadequate
equipment, and poor positioning strategies.'”'®
Appropriately fitted equipment and user positioning in
a wheelchair can be effectively determined in the rehabi-
litation clinic using seat interface pressure mapping,'® !
but translation of that information to users’ daily routine is
often unsuccessful. Furthermore, routine clinic visits for
equipment replacement occur annually or every few
years, allowing serious problems with equipment fit to
go undetected between those visits.

Our team developed a prototype pressure mapping
system for personal daily use to address the more
common contributors to pressure injury: infrequent
pressure reliefs, undetected cushion failures; incorrect seat
positioning by the wheelchair user and their caregivers.
The prototype of the Comprehensive Mobile Assessment
of Pressure (CMAP) system includes a Bluetooth-enabled
pressure mat that sits atop the user’s wheelchair cushion
and communicates real-time pressure map images to a per-
sonal smartphone via a mobile application.

An important consideration for successful use of any
new assistive technology is the principle of technology
abandonment.”” The top factors of technology aban-
donment are (1) poor device performance, (2) the lack
of consideration of user opinion in selection, and (3)
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changes in user needs or priorities.”> To move the proto-
type CMAP system forward, the next step was to assess
and address these technology abandonment factors. In
this current study, we prioritized abandonment factors
of user opinions (factor #2) and changes in user needs
or priorities (factor #3) to improve the CMAP
system’s mobile application.

The objectives of the overall project were to work
collaboratively with the targeted end-users, the
Veteran with SCI at risk for pressure injury, to: (1)
determine the preferred features for redesign of the
initial CMAP prototype along with usability of the
redesigned app; and (2) determine feasibility and
usability of the redesigned system during personal use
in the field.

The primary purpose of this paper is to report on the
iterative redesign, feasibility and usability of the
Comprehensive Mobile Assessment of Pressure
(CMAP) system’s mobile app used by Veterans with
SCI in their natural environment for six weeks. We
hypothesized that by engaging the future user in the
design, we could potentially offset the second and
third technology abandonment issues.

Methods

This study was funded by the Department of Defense,
number W81XWH-15-1-0484, and was conducted at
the Minneapolis VA Health Care System (MVAHCS),
Minneapolis, Minnesota. The study was approved by
the MVAHCS Institution Review Board and the
Research and Development Committee, and the US
Army Medical Research and Materiel Command,
Human Research Protection Office prior to study
initiation. All participants signed the approved consent.

Phase 1a - Year 1
(n=12)
Formative Focus Group

Phase 1b - Year 2
(n=12)

Tutorial Interviews plus follow-up
Focus Groups

Phase 2 - Year 3
(n=6)

Field Testing-Interviews and Surveys

Figure 1 Study design overview.



Study design

The three-year study was multi-staged and used a mixed
methods approach governed by an experience-based
design methodology.” See Fig 1 for study design overview.

The CMAP system

The Comprehensive Mobile Assessment of Pressure
(CMAP) system consists of: (1) a pressure mat consisting
of a 22 x 22 inch sensor array (BodiTrack Seat System,
http: //www.vista-medical.com/subsite/stretchseat.php,
Vista Medical, Winnipeg, Manitoba) that is commer-
cially available, met basic criteria for longer term use®*
and designed for detecting seated pressures in wheelchair
users, (2) a portable power bank by Anker (https://www.
anker.com/), (3) a mobile app on an iOS mobile phone,
and (4) a Raspberry Pi (https://www.raspberrypi.org/)
minicomputer coded for pulling pressure data from the
pressure mat to the mobile app by a USB cable (for the
testing in the MVAHCS) or wireless via Bluetooth (for
the at-home testing). See Fig 2.

Protocol

Veterans from the MVAHCS Spinal Cord Injury and
Disorders Center were recruited to participate. See
Supplemental Information for Recruitment details.
The study consisted of two phases. Phase la and 1b
were conducted within the Center setting. Phase 2 was

conducted in the participant’s home. See Supplemental
Information for details of protocol.

Outcome Measures

Focus groups and interviews: The Phase 1 focus group
semi-structured moderator guide (Table 1) was devel-
oped using the prevailing principles outlined by
Krueger and Casey.””> The Phase 1 focus groups and
interviews as well as Phase 2 in-home interviews were
all shaped by experience-based design methodology.*?
See Fig 3: Overview guides for observation, feasibility,
usability and follow-up interviews.

System Usability Scale (SUS)

The SUS (Digital Equipment Co Ltd., Reading,
United Kingdom) is a simple, ten-item scale, com-
pleted by the CMAP user to give an overall view of
the user’s assessment of usability and learnability.”®
Ten statements are presented to the user who selects a
response on a scale of 1 (strongly disagree) to 5
(strongly agree). See the Supplemental Information
for details on the SUS.

User Experience Questionnaire (UEQ)

The UEQ contains 26 pairs of semantic differential
items on six scales: attractiveness, perspicuity, efficiency,
dependability, stimulation, and novelty.”” The attrac-
tiveness scale contains subjective item relating to

NoSwm &
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Figure 2 CMAP components and app image.
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Table 1 Phase 1: Focus group guide.

(1) Regarding current/past experiences with seating pressure
ulcers and technologies related to pressure ulcers e.g.

(a) Describe experiences with seating pressure ulcers;

(b) Describe prior experiences with applications (apps),
gadgets, tools related to seating pressure or ulcers.

(2) If you could have a device at home that pressure maps your
seat, how would you use it? Prompts included:

(a) Imagine if you were given this for free. How do you think
you would use it, if at all?

(b)  What might be the first questions you would have about
it?

(c) How would you use a pressure mapping system at
home in your daily routine if one were available to you?

(d)  When or how often do you think you would you use the
app on your phone to check your seated pressure in a
typical day?

(e) Would you want to share your pressure mapping
information with anyone (Email? Texting?),

(f)  Would you want to save the information from a pressure
mapping app?

() How would vyou use
information?

(8) Technical/technology issues e.g.

(a) What is your comfort level using a smartphone and the
internet?

(b) How do you interact with your phone now? (touch
screen, voice, switch scanning);

(c) What features of an app make it easier for you to access
information in the app?

(d) What are your privacy and
concerns?

(4) Alerts and Reminders within the pressure mapping app.
Prompts included:

(a) What sorts of alerts and reminders do you think would
be useful to you for helping you prevent pressure
ulcers?

(b) There are a number of different ways to receive
reminders to change position. For example, (audio,
vibration, notification on screen of phone, text message).

(c) How would you prefer to receive reminders related to the
need to change your position?

(d) Tell me about how alerts built into a pressure mapping
app might be helpful to you.

(e) How much control would you like to have over when
alerts are sent to you?

(f) Do you see a difference between reminders and alerts?

saved pressure mapping

information  security

general appeal. The items in the perspicuity, efficiency,
and dependability scales of the UEQ describe ease of
learning and understanding, effort required, and
amount of user control, while the remaining scales
(stimulation and novelty) are concerned with motivation
and interest of the wuser. See the Supplemental
Information for details on the UEQ.

Analysis

Qualitative data analysis

Qualitative data collection and analysis were guided by
the experience-based design methodology, where techni-
cal experts and end-users iteratively collaborate to opti-
mize the function, fit and feel of health technology. All
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tutorials, interviews and focus groups were audio
recorded, transcribed and anonymized. Transcripts
and fieldnotes were entered into specialized qualitative
software (NVivol2, QRS International, 2018) for data
management and analyzed using the framework
method.?® Following the framework method our quali-
tative researchers (J.LE.+ K.C.) categorized and coded
transcripts and fieldnotes to develop common themes,
then interpreting the coded data in conjunction with
the multidisciplinary team.

Quantitative data analysis

Summary statistics were calculated for the survey data.
The SUS survey data were analyzed by calculating
overall scores for each participant as follows: subtract
1 from odd numbered items and subtract 5 from even
numbered items, resulting in 10 scores that range from
0 to 4. These scores were summed and then multiplied
by 2.5 to obtain a total usability score. A usability
score of 68 is average. The UEQ survey data were ana-
lyzed using the UEQ Data Analysis Tool (http://
www.ueq-online.org/). Scores were entered into the
Excel-based tool for calculation of the scale mean and
standard deviation per item, with confidence intervals
for the scale means and mean of each item.

Results

Demographics

Twelve male Veterans with SCI participated in Phase la
and 1b (Table 2), with slight imbalance in representation
in injury level (paraplegia vs tetraplegia) and wheelchair
type (manual, power, or both). The distinct set of six
Veterans with SCI participating in Phase 2 were on
average slightly older, but had equally distributed
injury level and wheelchair type (Table 3).

Qualitative research results

Formative Focus Groups (Phase la): The two focus

groups conducted with Veterans in July of 2016

yielded important direction for the multidisciplinary

team. Namely, five key themes emerged from the semi-
structured discussion:

(1) Veteran users confirmed that skin ulcer prevention is
important and expressed their interest in its preven-
tion through pressure reliefs and reminders.

(2) Veteran users’ desired CMAP to be simple to use,
especially because some users may have limited
experience with Smartphones. Veterans welcomed
app customization to the extent that it not make
things more complex.

(3) Veterans’ desired a more integrated system where the
many components of the technology integrate and
work reliably.
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A) How quickly does V appecr to gain independence or “comfort” with this task?
B) How engaged does V appear with this task?

C) How will this featwre’s cuwrrent usability impact V's seating?

D) What is the interaction like between V and S for this task?

1. Initial set-up of pressure mapping app (connecting to mat, connecting all the parts, seeing app on
phone screen)

2. Making changes to settings (frequency, duration, type of reminders and alerts)
3. View oflive map (size, dlarity/simplicity, refresh rate during live mapping)

4. Logging in after closing app (time, number of steps required)

5. Reminder functionality

6. Alarm functionality

7. Graphs/charts (clarity, amount of information)

Figure 3 Overview of guides for observation, usability and follow-up interviews.

Table 2 Phase 1a and 1b: Participants’ demographics (focus about privacy or sharing any data that would be col-
group and interviews). lected with their health care provider.
Sex/Male 12/12 Usability Study Inler\'zlews and Focus Groups ( Phase
Age (average) 61.5 years (range 52-73 years) ~ 1b): There were varying degrees of comfort with the
Injury Level introduction of the new technology—not only the app,
Paraplegia 5 (42%) but i ¢ vh d th .
Tetraplegia 7 (58%) but in some cases, a smart phone and the accessories
Chair type in the study, (associated mat, wires, wireless connection,
Manual 4 (33%) etc.). Participants were impressed and appreciative with
Power 5 (42%) h ) ) ]
both 3 (25%) the progress made on the app. Those who had used

smart phones prior were able to navigate the app
version more easily. Many felt it was the intuitive,
straightforward product they had asked for in the

(4) Veteran users viewed the real-time pressure mapping L .
initial groups. See Table 4: Phase 1b: Participant

as the primary asset of the app as it could be seen

and responded to almost-automatically. Feedback: Topic and the Protocol and Design
(5) Veteran users saw CMAP as a medical adjunct that Response.
their doctor/therapist would introduce to them and Field Use Feasibility Interviews (Phase 2): Six in-

instruct them on. There were no major concerns  home interviews took place in the winter of 2017-

Table 3 Phase 2: Participants’ demographics (six weeks field testing).

Age LOI/AIS PI
ID (Years) Sex Race Score Date/Cause of SCI History Wheelchair Type Cushion Type
P1 64 Male C C-6/AISC 2009/ Fall No Permobil M300 with JAY Fusion
power ftilt.
P2 69 Male C T8-11/AIS A 1998/secondary to a No Quantum Q6 Edge JAY Fusion
spinal cord tumor with power tilt
M1 68 Male C T12-L1/AIS A 2001/Small aircraft crash  Yes Invacare Terminator JAY J2 Deep
Contour
M2 61 Male C C8/AISC 1988/Snow mobile Yes Permobil TiLite ZR JAY 2 DC cushion
accident
M3 67 Male C T11/AIS A 2006/MVA Yes Quickie Ti ROHO Quadtro
High Profile
P3 57 Female C C5-6/AISC 2003/ Cervical No Permobil with power tilt  JAY Fusion
Spondylosis

C, caucasian; LOI, level of injury; AlS, American Spinal Injury Association Impairment Scale (http://asia-spinalinjury.org/wp-content/
uploads/2016/02/International_Stds_Diagram _Worksheet.pdf); PI, pressure injury.
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Table 4 Phase 1b: Participant feedback: topic and the
protocol and design response.

Regarding the complexity of system

e Comprehensive manual provided

e Training provided

e Technical support by phone

Regarding accessibility

e Increasing font size

e Slider buttons changed to discrete buttons for easier use

e App opened with voice control

e In addition to sounds and vibration for alerts, screen flashes
were added

Regarding app functionality

e App runs in background so timers continue

e Reminders can be snoozed or turned off

Regarding battery life

e System comes with external battery which will last 3 days
before needing charging

2018. While some topics of discussion were similar to
findings from Phase 1, other themes emerged as partici-
pants used the app at home:

(1) Skin ulcers are serious and unwelcome, so any tool
that can assist in prevention and monitoring is key.

(2) The desired key features are in the app, and unnecess-
ary ones were minimal.

(3) The main barrier to in-home use was the inconsistency
of function due to many components requiring inter-
connectivity (wireless/Bluetooth connection, wires,
batteries, app, cushion, mat).

(4) When it worked, the live pressure map was seen as the
central feature, with reminders to weight shift also of
high importance.

(5) Suggestions for dissemination of the technology.

(6) Want to be able to use on other surfaces that put their
skin at risk.

Table 5 System Usability Scale (SUS)*

Survey results

System Usability Scale (SUS): The SUS scores for the
six at-home pressure map users ranged from 47.5 to
100; Mean = 72.1, SD = 19.07 (Table 5). Items with
the poorest scores reflected challenges users faced with
the technology functioning consistently. For example,
the lowest score overall was for Item 6, “I thought
there was too much inconsistency in the system”. The
highest scored response reflected users’ confidence
using technology: Item 10 “I felt very confident using
the system.”

User Experience Questionnaire (UEQ): The mean
UEQ scores for each of the 6 scales were all above
0.8 (Table 6) indicating a positive experience. UEQ
scores range from —3.0 to 3.0. Scores between —0.8
and 0.8 represent neutral responses. Scores above 0.8
indicate a positive response and those below —0.8 rep-
resent a negative response. “Dependability” was
ranked as the lowest scale (M = 1.23, SD 1.088) and
within that scale, Dependability was impacted greatest
by the specific item for “Predictability”. Scale items
“Novelty” (M = 2.33, SD = 0.86) and “Stimulation”
(M =2.79, SD = 1.14) were ranked the highest by
the Veterans who used the CMAP system at home
(Fig 4).

Skin Checks: By placing the pressure sensing mat
between the seat cushion and the person, there is risk
that the additional material could wrinkle or otherwise
change the pressure-relieving properties of the cushion
by reducing immersion or changing the microclimate.
In this study, participants conducted daily self-examin-
ations of their skin after sitting on the mat and no
changes in skin integrity were reported.

Strongly Strongly
Disagree Agree
1 2 3 4 5

| think that | would like to use this system frequently. M3, M5 M4 P1, P2, P6

| found the system unnecessarily complex. P6 P1, M3 M4, M5 P2

| thought the system was easy to use. M5 M3, M4 P1 P2, P6

| think that | would need the support of a technical person P1, M3, P6 M4 P2, M5

to be able to use this system.

| found the various functions in this system were well M5 P1, M3, M4 P2, P6

integrated.

| thought there was too much inconsistency in this system. M3, P6 M4, M5 P1 P2

| would imagine that most people would learn to use this MP4 M3, M5 P1, P2, P6

system very quickly.

| found the system very cumbersome to use. P1, P2, P6 M3 M4, M5

| felt very confident using the system. M4 P1, P2, M3, M5,

P6
| needed to learn a lot of things before | could get going P1, P6 M3, M4 M5

with this system.

*P1, P2, and P6 were power wheelchair users; M3, M4, and M5 were manual wheelchair users.
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Table 6 User Experience Questionnaire (UEQ): Scores, means, and standard deviations.

Attractiveness Perspicuity Efficiency Dependability Stimulation Novelty
P1 2.67 3.00 1.25 0.00 2.50 2.75
p2 1.67 3.00 3.00 3.00 3.00 3.00
M3 1.00 1.75 1.25 0.50 2.00 2.75
M4 0.50 0.00 0.25 -0.25 1.50 1.00
M5 2.33 0.75 1.25 1.75 2.25 1.50
P6 3.00 3.00 2.75 2.50 3.00 3.00
Mean (SD) 1.86 (0.98) 1.92 (1.31) 1.63 (1.05) 1.25(1.36) 2.38 (0.59) 2.33 (0.86)

P, power wheelchair users; M, manual wheelchair users.

Discussion
Pressure mapping performed in rehabilitation clinics can
effectively determine appropriate seating equipment and
positioning strategies for wheelchair users,'>! but
translation of that same information integrated with a
wheelchair user’s daily routine has not been previously
addressed. The CMAP system is a seat interface pressure
monitoring system that provides real-time imaging
24 h/day to the wheelchair users with SCI. This
real-time biofeedback tool, compensating for absent or
reduced sensation via visual images, may have the poten-
tial to prevent pressure injuries, facilitate potential
remote monitoring of seating needs, and limit unnecess-
ary medical visits.

The purpose of this study was to redesign the CMAP
system’s mobile app, and iteratively test feasibility and
usability of the system. Further, we specifically

abandonment®” by (1) engaging the future user in the
redesign and (2) implementing the future user’s
opinions, needs, and priorities for the CMAP system.
We utilized Krueger and Casey’s focus group
methods®> during Phase la of the study to solicit
Veteran users (n = 12) opinions about the CMAP
system. Participants shared how important skin issues
are to Veterans with SCI, that the Veteran user wanted
a simple design with a more integrated system with
quick access to their live pressure map. They also envi-
sion the CMAP system as a technology available to
them through the VA HealthCare System. This infor-
mation guided the CMAP initial redesign team’s
actions, simplifying the app information available to
the Veteran user and ensuring that the live pressure
map was the first information to be viewed when the
app was opened up. The follow-up interviews and

addressed two known factors for technology  focus groups in the usability study in Phase 1b revealed
USER EXPERIENCE QUESTIONNAIRE
— D1 P2 PG seseses M3 ceccece M4 eceese M5
Attractiveness (Overall
Impression)
4
Novelty (Innovative &

Creative)

Stimulation (Exciting &
Motivating)

Dependability (User's Sense of
Control)

Perspicuity (Ease of Learning)

Efficiency (Effort Required)

Figure 4 User Experience Questionnaire.
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to researchers they were successful meeting many of the
Veteran user requests. However, many priorities were
identified by the participants for improvement prior to
the field testing. The design was advanced through
improved accessibility and user control of app alerts.
Additionally, training and a user manual assisted in
reducing the perceived complexity. During Phase 2 of
the study, a distinct set of Veteran’s with SCI (n = 6)
used the redesigned CMAP system in their home.

Phase 2 participants completed SUS and UEQ
surveys after using the CMAP system in their homes
for 4 weeks. Overall, results of the self-reported SUS
and UEQ scales indicated the CMAP technology is
innovative, useful and liked by the Veteran users.
Specifically, there was strong agreement on the SUS
(Table 5) regarding confidence using the system and
that the parts of the system were well integrated. This
can be interpreted to mean the initial focus group
requirements were met. On the UEQ survey, scales for
stimulation and novelty scored high, which may reflect
continued interest in this type of technology for mana-
ging pressure injury prevention, validated by data from
the initial focus groups.

Pattern variations on both surveys, between power and
manual wheelchair users are worthy of discussion. On the
UEQ survey (Table 6), power wheelchair users tended to
score closer to the positive response end ranges for each
word choice whereas the manual wheelchair users
tended to score more moderately between the two given
words. This is similar to the pattern observed on SUS
for both groups of wheelchair users. This may indicate
that power wheelchair users are more inclined to use
the CMAP system possibly because they have less
control over body movement in comparison with
manual wheelchair users who have more movement
control. Also, on the UEQ survey, the power wheelchair
users responded that the system was easy to use, that they
would like to use it frequently, and that it would be simple
to learn. This was surprising given they also had less
finger/hand dexterity in some cases which made phone
navigation more challenging. It would be expected the
power wheelchair user would have less difficulty mana-
ging the actual mat positioning/smoothing because
they used a lift system for transfers versus the manual
wheelchair user who did self-transfers. Power wheelchair
users also had caregivers available to facilitate equipment
charging, cord management, and mat repositioning if
needed. Further, power wheelchair users appear to
adopt technologies to supplement their limitations and
to enhance their daily living, compared to manual wheel-
chair users, who have fewer limitations. The manual
wheelchair users reported the system was cumbersome
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to use possibly reflecting the movement of the mat on
the cushion during their self-transfers and possibly self-
management of the multiple parts and cords. These
survey data were validated in the in-home interviews.
Another interesting finding in the UEQ survey was the
dependability scale, which was the lowest scored scale
for both groups. These scores were validated during the
in-home interviews with the users mentioning multiple
times the difficulty with system’s hardware.

Some of the Veteran users had difficulties with the
hardware management. This aspect was not part of
this redesign study. The lowest scores on the surveys
were on “inconsistency” (SUS) and “dependability”
(UEQ) of the system. However, the average score in
these domains remained favorable. The content of the
weekly phone calls from Veteran users to the study
nurse validated the SUS and UEQ findings, as the
issues were primarily related to the hardware functional-
ity of the CMAP system. Specifically, Veteran users
identified inconsistency in connectivity between the
pressure map and the app.

The Veteran participants had varying previous experi-
ences with using technology. Further the average age of
the first formative focus group was 61.5 years and the
average age was even older (64.3 years) for the in-
home users. Five out of the six Veteran user in-home
participants had very little previous experience using a
mobile app on a smart phone. Our surveys indicated
that the participants found the CMAP useful. This posi-
tive attitude towards use of assistive technology in older
adults is supported by Mitzner et al.?® findings which
disputed the stercotypes that older adults are afraid or
unwilling to use assistive technology.”’ Pape et al.,*°
suggests that knowing the meaning and context of the
assistive technology influences the users’ adoption of
the device. Specifically, persons with acquired disabil-
ities (SCI) need a sense of control when using the
device.*® Our findings, supported by the Tung er al.’!
review of literature,’! suggest that the participants in
this study, despite their older age and lack of previous
exposure to the mobile apps, maintained a high level
of interest in this assistive technology because it is
intended to help manage their skin health, a very mean-
ingful endeavor to them.

Limitations of the study deserve discussion. The small
sample and older users does not represent all Veterans
with SCI or the non-veteran with SCI. Further, the
sample does not represent the sex of Veterans or non-
veteran with SCI. Female Veterans with SCI represent
3% of the Veterans with SCI population.®? Within the
population of adults with SCI, about 22% of new inju-
ries are women.>* Results obtained from a convenience



sample such as used in this study must be taken in
context, and a larger study is indicated for future
study to ensure the redesign iterations of the technology
include the desired features and to allow successful
transfer to other age groups, race and ethnic groups
and women, who represent the SCI population. There
was no comparison technology in this study design.
That said, the Virtual Seating Coach (Permobil, Inc.,
Lebanon, TN) is a mobile app that provides feedback
to a power wheelchair user on their use of the power
seat functions of tilt and recline to perform pressure
relieving weight shifts. The app is similar in that it pro-
vides cues and information about past behavior for self-
tracking and differs in that it does not provide real-time
visual feedback about the distribution of pressure
between the user and their seat cushion, is not used on
manual wheelchairs, and is designed to work with exclu-
sively with one power wheelchair manufacturer. A com-
parable system may be challenging as the apps currently
available are primarily aimed at helping healthcare pro-
viders manage existing pressure injuries, not the person
with SCI. One system (SENSIMAT) provides basic
weight shifting feedback through a mobile app, yet it
is different from the CMAP in that it does not provide
a continuous visual display of their body and the
pressure map. This lack of available technologies for
future comparison is clearly an indication need for the
CMAP system.

Conclusion

The primary purpose of this paper was to report on the
iterative redesign, feasibility and usability of the CMAP
system’s mobile app according to the desires and priori-
ties of Veterans with SCI. The multi-staged, mixed
methods approach proved to be successful and informa-
tive for the app development. The iterative approach
was crucial to the study completion and success in that
it provided timely feedback for improvements to the
mobile app and the interdisciplinary study team (quali-
tative experts, clinicians, and engineers). Despite minor
to moderate challenges with the hardware and connec-
tivity, overall both the power and manual wheelchair
users reported that they wanted to use the system, felt
confident using the system, and that the functions of
the system were well integrated. Power wheelchair
users reported in both the survey and qualitative
results a higher interest in and satisfaction with the
CMAP system compared to the manual wheelchair
users. Power and manual wheelchair user responses on
the user experience surveys and in the interviews
suggested that they may use the system differently.
Responses by power wheelchair users suggested a

desire to use a pressure mapping system continuously,
every day while manual wheelchair user response
implied stronger motivation for wusing pressure
mapping for spot checks of their seating system as well
as testing pressure on different seating surfaces. Future
development and testing will focus on understanding
specific user needs; for example, between manual and
power wheelchair users and addressing hardware chal-
lenges based on the specific feedback received from
the Veteran users.

Abbreviations and symbols

CMAP Comprehensive Mobile Assessment of
Pressure

MVAHCS Minneapolis VA Health Care System

OT/AT Occupational Therapist/ Assistive
Technology

PCP Primary Care Provider

PVA Paralyzed Veterans of America

SCI Spinal Cord Injury

SCI/D Spinal Cord Injury and Disorder
SUS System Usability Scale

UEQ User Experience Questionnaire
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