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Abstract

With decreasing inpatient rehabilitation lengths of stay, there may be a greater risk of spinal cord injury (SCI) populations being
discharged into the community without the self-management skills needed to prevent secondary complications. Recent advance-
ments in mobile health has made mobile apps a feasible method of delivering population-based, self-management interventions
to address SCl-specific secondary complications. The objective of this study is to describe stakeholder perspectives on the
development of a functional mobile app to facilitate self-management skills needed to prevent secondary complications following
recent SCI during inpatient rehabilitation. A user-centered design approach was used that involved an evolving mobile app and
the collection of prospective qualitative data. Stakeholders from three groups were enrolled in the study: individuals admitted for
rehabilitation following SCI (n = 20) and informal (n = 7) and formal (n =48) caregivers. Iterative feedback was gathered from
rehabilitation inpatients during ongoing interactions and via post-discharge exit questionnaires, from informal caregivers via one-
on-one interviews, and from formal caregivers via series of focus groups at various phases throughout the design process. Three
main themes emerged from the analysis: (1) being individualized and user friendly (i.e., developing an app that is simple and easy
to use to facilitate universal uptake), (2) targeting goals to promote self-management (i.e., adopting self-management skills
relative to personal goals and confidence), and (3) increasing participation and support-seeking to facilitate lifestyle change
(i.e., encouraging leisure activities to facilitate community integration). Key stakeholder perspectives contributed to the devel-
opment of a self-management mobile app that will be evaluated in future research.
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Introduction common secondary complications include autonomic

dysreflexia, problematic spasticity, genitourinary dysfunction,
Inadequate management of secondary complications can lead  pressure ulcers, and depression [1]. These secondary compli-
to adverse physical and psychological outcomes for people  cations may require costly interventions, which can lead to
living with spinal cord injury (SCI). Some of the most  reduced quality of life and in extreme cases, may be fatal [2].
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Self-management, which has been defined as “the in-
dividual’s ability to manage the symptoms, treatment,
physical and psychosocial consequences and lifestyle
changes inherent in living with a chronic condition,”
has been promoted as a means to reduce the prevalence
and severity of secondary complications [3]. Self-
management programs emphasize an individual’s central
role in managing their condition, and are aimed at in-
creasing their problem-solving and decision-making skills
to manage their condition [4].

With decreasing lengths of stay in inpatient rehabilitation
due to staffing and funding constraints, there may be a higher
risk of individuals with SCI entering the community without
the self-management skills needed to prevent secondary com-
plications [5]. A recent online survey found that nearly 75% of
people with traumatic SCI indicated that the development of
self-management programs for use following SCI was
“important” or “very important” [6]. Furthermore, there is
some evidence that self-management interventions can signif-
icantly reduce cost of healthcare utilization in comparison to
standard care [7]. For example, a systematic review on the
cost-savings in self-management interventions in chronic
muscoskeletal pain populations found that 69% of studies
(22 out 0of 32) demonstrated significant cost-savings over stan-
dard care [8]. However, there are accessibility barriers to the
proper utilization of self-management programs such as trans-
portation issues, lack of insurance coverage, and availability
of intervention resources [9].

Over the past decade, consumers have become in-
creasingly engaged with mobile health (mHealth) apps
for self-monitoring and self-managing their health [10].
Furthermore, the technological advancement of mobile
phones and tablets has made it possible for these tech-
nologies to provide population-based, self-management
interventions (i.e., reach wide audiences at little cost)
[11]. Sixty-three percent of survey respondents with trau-
matic SCI identified ‘internet-based’ self-management
programs as the best means of delivery (compared to
in-person at 30% and a series of DVDs at 7%), and a
similar proportion also felt that the program should ad-
dress the transition from rehabilitation to the community
[6]. However, challenges exist with the adoption of
mHealth interventions by healthcare professionals and
patients [12].

To facilitate the uptake of mHealth interventions, an itera-
tive, user-centered design process has been recommended,
which involves key stakeholders at all phases of product de-
velopment (i.e., prototyping, testing, analyzing and refining a
product) [12]. Therefore, a study was undertaken to describe
stakeholder perspectives on the development of a functional
mobile app to facilitate the self-management skills needed to
prevent secondary complications following recent SCI during
inpatient rehabilitation.
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Methods

This study employed a user-centered design process [13] that
involved on-going input and feedback from participants,
which was solicited via focus groups, one-on-one interviews,
and post-discharge exit questionnaires at three phases
throughout the study. Ethical approval was obtained from
the University of British Columbia’s Behavioral Research
Ethics Board and the Vancouver Coastal Health Research
Institute. The study is reported according to the Standards
for Reporting Qualitative Research guidelines [14].

User-centered design approach

A user-centered design approach to development that follow-
ed the International Organization of Standardization’s Part
210 of ISO 9241 was implemented in this study (Table 1).
Part 210 of ISO 9241 is a four-phase model for iterative,
user-centered design [15]. Phase 1 of Part 210 involves under-
standing and specifying the context of use for our mobile app.
During the first focus group session with formal caregivers, a
presentation was given that outlined how a mobile app is
being developed specifically for rehabilitation inpatients with
SCI. Pictures of a mobile app prototype with three examples
of general health tools was also presented to give participants
a basic understanding of our technology. Phase 2 of Part 210
involves specifying the usage requirements [15]. During each
of the three phases of focus groups, formal caregivers provid-
ed feedback on the types of general and SCI-specific tools that
should be incorporated into the app. Furthermore, needs as-
sessment research conducted by Munce and colleagues on the
self-management needs of individuals with SCI was drawn
upon at this phase [6]. Phase 3 of Part 210 involves develop-
ing design solutions. After each of the three phase of focus
groups, SCl-specific health tools were developed based on
formal caregivers’ feedback and input [15]. Patient and infor-
mal caregiver participants were also involved at this stage as
they provided additional design recommendations. Phase 4 of
Part 210 involves evaluating design solutions against usage
requirements [15]. Formal caregivers, informal caregivers,
and patients had the opportunity to test the tools they recom-
mended in the app so that they could be further refined during

Table 1  Data collection timeline throughout various phases of iterative
development of the mobile self-management app (o = Phases 1/2 of ISO
9241; 3 = Phases 3/4 of ISO 9241)

Item 2015 2016

Q2 Q3 Q4 QI Q2 Q Q4

Focus Groups o« f B
One-on-one Interviews B B f B B B
Exit Questionnaires B B B B B B




J Med Syst (2019) 43: 145

Page30of 12 145

development. Since this paper focuses on the development of
the mobile app rather than usability testing, usability results
are not reported and only the first three phases of Part 210 of
ISO 9241 are reported on.

Qualitative approach

A qualitative descriptive approach was taken in this study.
This approach seeks to gain a rich description of participant
experience about a phenomenon of which little is known [16].
Two key components of the qualitative descriptive approach
are (1) learning from participants and their rich descriptions,
and (2) applying their knowledge towards an intervention
[17]. For this study, a qualitative descriptive approach was
used to gain detailed feedback on mobile app design recom-
mendations and apply them towards the iterative development
of the mobile self-management app.

Setting

This research was undertaken at a Canadian, in-patient, rehabil-
itation center. The facility has approximately 68 beds, and pro-
vides inpatient and outpatient services to individuals with SCL.

Participants

Three types of participants were recruited for the study: indi-
viduals admitted for rehabilitation following traumatic or non-
traumatic SCI, informal caregivers, and formal caregivers. To
be included in the study, patients needed to be 12 years of age
or older, be receiving inpatient rehabilitation for their first SCI,
provide their own consent or assent with the consent of a
parent or guardian, and communicate in English. Patients
who had had a co-morbid diagnosis of traumatic brain injury
or other cognitive impairments were excluded from the study.

The unit where the study was conducted had previously
admitted adolescents between 12 and 18 years of age; howev-
er, none were admitted during the time of the study. As a
result, no adolescent participants were recruited in this study.
Informal caregivers needed to be friends or family members of
patients enrolled in the study, 19 years of age or older, and
fluent in English. Formal caregivers (e.g., physiatrists, phys-
iotherapists, occupational therapists, etc.,) were invited to par-
ticipate if they were employees of the local rehabilitation cen-
ter, 19 years of age or older, fluent in English, and experienced
in providing services to patients with SCI. All participants
provided informed consent.

Data collection
Three main methods of data collection were developed by the

research team: focus groups, one-on-one interviews, and exit
questionnaires (Table 1). The purpose of all three methods of

data collection was to gather participants’ (stakeholders’)
thoughts and impressions of the app throughout its develop-
ment in order to develop a functional mobile self-management
app in the inpatient rehabilitation setting (Fig. 1). Rehab inpa-
tients and informal caregiver participants had the opportunity
to use the mobile app and shared their experiences and design
recommendations for the mobile app throughout the develop-
ment process. Formal caregivers provided feedback on design
changes in the app based on their professional experiences and
training. A multi-methods approach to data collection was
taken to provide each group of participants (individuals with

Good Evening,

John

Daily Health Check-Ins

No Check-Ins completed

Medications - No Reminder

1 medication(s)

Daily Moods

How are you feeling today John?

® ©

Symptom Tracker

Monitor your symptoms over ti...

.

My Journal

Your thoughts around your heal...

n/.

Daily Vitals >
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Fig. 1 SCI Health Storylines™ mobile self-management app on the
Apple i0S© platform. The app was developed based on an existing
platform that included a variety of general health tools (e.g., medication
tracker, appointment calendar etc.,). To facilitate self-management skill
development for patients with SCI, SCl-specific tools were developed
(e.g., SCI goal-setting tool, bowel and bladder tracker, spasticity tracker,
etc.,). To encourage health lifestyle change, tools such as a nutritional
planner and a recreational resources tool were also developed
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SCI, formal caregivers, and informal caregivers) with a differ-
ent medium to provide qualitative feedback on the develop-
ment of the mobile app.

Focus groups

All three focus groups phases occurred at the rehabilitation
center and were audio recorded. Immediately prior to the start
of the first focus group phase, formal caregivers were given a
10-min presentation of the overall study, its goals, and were
presented with a prototype of the mobile with no SCI-specific
health tools developed. During the next two focus-group
phases, participants were presented with a demonstration of
new and improved features of the app and asked about their
impressions and design recommendations. Examples of ques-
tions that were asked during focus groups included:

What do you like about the mobile app?
What would you like to have added or changed?

How can we facilitate using this in clinical practice with
future patients?

A minimum of two co-investigators (faculty members) and
one research coordinator attended each focus group. Upon
completion of each focus group, audio recordings were tran-
scribed, and any names or personal identifiers were removed
from the transcripts. Focus groups ranged in size from 3 to 12
participants.

One-on-one interviews

One-on-one interviews with informal caregivers took place at
the local rehabilitation center. Examples of questions that were
asked during one-on-one interviews included:

Did you find the mobile app burdensome to use? Please
explain.

Do you feel that your friend or relative has had a pos-
itive experience using the mobile app? Why or why not?

Interviews were conducted by a research assistant (fourth au-
thor) who wrote detailed notes about participants’ responses.
No prior interaction existed between the research assistant and
participants.

Post-discharge exit questionnaire
Newly-admitted rehabilitation inpatients with SCI were pre-

sented with a prototype of a mobile self-management app that
they used on their smartphones or tablets. Three months post-
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discharge from inpatient rehabilitation, participants completed
post-discharge exit questionnaires about their overall impres-
sions and thoughts of the app. In keeping with the tenets of
iterative design, patients were recruited to use the mobile app
as it was being developed. This resulted in some patients hav-
ing access to the apps during initial phases of development
and others having access in later phases. Examples of ques-
tions in exit questionnaires included:

Did you find the app burdensome to use? Why?
What was your most/least favorite app tool? Why?

How would you improve the mobile app? What features
would you add or remove? Why?

For data collection, qualitative description accommodates the
use of a variety of data collection methods, such as semi-
structured interviews, focus groups, and questionnaires [18].
In this regard we collected qualitative data during focus
groups with formal caregivers, exit questionnaires with reha-
bilitation inpatients, interviews with informal caregivers, since
each of these approaches to data collection is gathering partic-
ipant experience on the same phenomena (the mobile self-
management app) [18].

Recent guidelines for categorizing participant recruit-
ment based on the size of the research project state that
for small projects 6 to 10 participants are recommended
for one-on-one interviews and groups of 6 to 10 partic-
ipants are recommended per focus group [19]. Since a
series of three focus group phases with two rounds of
focus groups in each phase were done with formal care-
givers, a greater total number of formal caregivers (n=
48) were recruited in the study (Table 2). A sample size
of 7 informal caregivers was achieved for the one-on-one
interviews via consecutive sampling. For the post-
discharge exit questionnaires, a consecutive sample of
patients with SCI was recruited until a desired sample
size of 20 was achieved. This sample size was selected
in light of the development nature of the study and re-
sources available. Furthermore, previous similar studies
employing iterative design in the development of
mHealth apps have recruited between 12 and 20 end-
users [20-22].

Analysis

Data were analyzed thematically in NVivo 10 (QRS
International, Victoria, Australia) according to the five-
step inductive process outlined by Braun and Clark [23].
In step one, transcripts were repeatedly read to increase
familiarity and to generate initial ideas. In step two, ini-
tial codes were developed independently by the second
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Table 2 This table includes
demographic data of formal
caregivers that participated in

Focus Groups with Formal
Caregivers (n=48)

One-on-One Interviews with
Informal Caregivers (n=7)

Exit Questionnaires with
Inpatients with SCI (n=20)

focus group sessions (n =48),

informal caregivers that Age (%)

participated in one-on-one inter- 19-30 15

vie;ws (n= 74),}1nd patients with 31-40 35

spinal cord injury that completed

the post-discharge exit question- 41-50 25

naires (n = 20) 51-60 23
61+ 2
Gender (%)
Male 4
Female 96
Profession (%)
Physiotherapist 44
Occupational Therapist 8
Social Worker 10
Physician 4
Registered Nurse 8
Nurse Aide 2
Personal Care Aide 2
Rehab Assistant 4
Educator 6
Recreational Therapist 8
Dietician 2
Use Mobile Health Apps (%)
Yes 29
No 69
No Response 2

Age (%) Age (%)
19-30 14 19-30 45
3140 43 31-40 5
41-50 29 41-50 20
51-60 14 51-60 10
61+ 0 61+ 20
Gender (%) Gender (%)
Male 14 Male 85
Female 86 Female 15
Relationship to Patient (%) Injury type (%)
Friend 14 Traumatic 75
Parent 14 Non-traumatic 25
Sibling 29 Para vs. Tetra (%)
Spouse 43 Paraplegia 25
Partner 0 Tetraplegia 75
Other 0 AIS Score (%)
A 40
B 25
C 30
D 5
E 0
Use Mobile Health Apps (%) Level of Injury (%)
Yes 86 Cervical 75
No 14 Thoracic 20
No Response 2 Lumbar 5

author by performing preliminary coding of the first six
of nine focus group transcripts. Based on discussion
among the first three authors, a coding guide was devel-
oped, which included twenty-seven unique codes that
was applied to all the transcripts. In step three, codes
were grouped together to form initial sub-themes, and
ultimately, overarching broader themes. A mind-map
was used to facilitate this process. In step four, provi-
sional themes were refined by a two-level review pro-
cess: (1) comparing themes with coded data and (2)
checking that themes related to the entire data set. In
step five, themes were defined and reflected upon to
see the overall story they told about the data.

This study employed a variety of trustworthiness strat-
egies including data triangulation, peer debriefing, and re-
flexivity. Having multiple investigators independently
code the transcripts acted as a form of investigator triangu-
lation. Collecting focus group data in three phases allowed
for triangulation of data sources and repeated uses of
methods over time. Peer debriefing was carried out by con-
sulting within the research team, which facilitated reflec-
tion on the emerging analysis and research results.

Interview notes and memos served as tools to detail the
analytic process and facilitate reflexivity.

Results

The analysis identified three overarching themes regarding
the development of a mobile app to assist self-management
following SCI. These themes include: (1) being individu-
alized and user-friendly, (2) targeting goals to promote
self-management, and (3) improving participation and
gaining support to facilitate lifestyle change. Participants
were labelled and identified using a coding system
consisting of a sub-group identifier (Formal Caregiver =
FC; Informal Caregiver =IC; Patient with SCI=PP) and
a participant number (i.e., 1, 2, 3, etc.,).

Being individualized and user-friendly
Participants identified the importance of developing a mobile

app that had a simple design and was accessible to facilitate
universal user uptake. For example, a nurse (FC12) indicated

@ Springer



145 Page 6 of 12

J Med Syst (2019) 43: 145

that the app needed to be “user friendly [and] useful at pro-
viding the information in a lot of different ways.” Some pa-
tients appreciated the variety of tools provided within the app
that addressed several patient self-management needs. A
young male adult patient with tetraplegia (PP6) stated:

There [are] enough different tools in [the app] and
each person can use related tools for themselves...
For example, for me, the spasticity tool was useful
[during inpatient rehabilitation] but when I go home
now, the medication tool [will be] helpful.

In contrast, other patients felt that tools within the app
could be simplified and merged together to reduce clutter
and have better visual appeal. For example, a patient with
tetraplegia (PP9) stated, “combin[ing] tools related to each
other to make [the mobile app] less busy.” To provide a sim-
pler design and more user-friendly experience, a scrolling list
of tools are displayed on the main user menu of the app
(Fig. 2). Formal caregivers discussed the need to provide flex-
ibility in the tools within the app so that they were tailored to
patients’ individual needs:

I think [patients should] pick and choose [tools], be-
cause if there [are] too many, they could get
overwhelmed. Especially the older patients. If the [tools]
that they need are there, and nothing else is, then I think
they’ll use it more. Or they’ll be able to track it easier. —
Nurse (FC42)

Fig. 2 Changes to the design of
the mobile app to include a

Similar views were also expressed by 4 patients with
tetraplegia and 2 patients with paraplegia, who felt that
some of the self-management tools provided in the apps
“were unnecessary to [their] health needs.” As a result, a
variety of patient and clinician-recommended SCI-specif-
ic tools were incorporated into the app to provide greater
accessibility to meet the various different health needs of
individuals with SCI (Fig. 2). These tools were iterative-
ly added to the mobile app after each of the three focus
group phases with additional input taken from informal
caregivers and patients. Examples of SCl-specific tools
include a water intake tracker, pain tracker, bowel move-
ment tracker, and a bladder tracker.

Being able to self-monitor changes in health outcomes
and observe overall trends was a key educational com-
ponent to an effective mHealth app identified by formal
caregivers.

I think that being able to see the trends would be [very]
educational [for patients...] doing their daily life rou-
tine. [For example], it would be interesting [to see]
how [emptying of] bowel and bladder relate.

— Recreational Therapist (FC35)

Formal caregivers indicated it was essential to direct pa-
tients towards educational resources as a form of support by
making them accessible from within the mobile app rather
than overloading them with health information. For example,
an occupational therapist (FC10) stated:

Good Morning, @)
scrolling list of tools (left) and the B choks = Water Tracker ?
mclu.smn ofa V.arlety of SCI- Daily Health Check-Ins
specific tools (right) o . .
No Check-Ins completed A4 [z« My SCI Profile >
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How much is too much information? How do you
parse it to give it to people, so... if your routine is
taking longer than this amount of time, then maybe
you want to seek support in terms of making that
or reviewing it rather than “here is all of the
information” At least try and give people enough
to direct them towards resources and then try to
make use of those resources.

Similar views were shared by 3 patients with tetraplegia
who felt an information overload would potentially make it
difficult to track and understand changes to their health out-
comes. To overcome potential barriers related to health litera-
cy and understanding one’s personal health data, a health data
summary feature was developed for this app (Fig. 3). This
feature allows individuals with SCI to monitor and review

®

John's Storylines
Oct 19 - Today

Medication - No Reminder

PULMICORT NEBUAMP 0.5 MG/ML
v

Fri;iay Toaay

Daily Moods

Positive

Negative /

Friéay Toctiay

Symptom Tracker

Bk A @ B

Fig. 3 Inclusion of a health data summary feature

health status over multiple weeks and outline day-to-day
trends between various health outcomes.

Targeting goals to promote self-management

Participants emphasized goal setting as a key component of
self-management. For example, an occupational therapist
(FC16) stated, “goals are big here. We are always talking
about goals, and this [mobile app] is a way to [encourage]
people to define their own goals.” Formal caregivers felt it
was important to incorporate tools that promote goal-setting:

Making a goal and [planning is critical...] Getting peo-
ple to learn to write [a goal] down or put it in their phone
... posting it where they can see. Reaching out [to them,
they’ll say to me, “I’ll get to it” or ““you know my pain is
going to be so bad, I know I am not going to go.” But I
will say to [them], “make the plan” because if you wake
up and you feel crummy, you can change the plan but if
you don’t ever make the plan, then it is just never going
to happen. — Physiatrist (FC19)

In addition, formal caregivers emphasized monitoring was
a necessary but not sufficient element of self-management,
which was needed to facilitate goal identification: “When
you are [monitoring] bowel or bladder, you should actually
[choose] some goals relative to that [health outcome] within
the app, and then the system could help monitor how that is
going.” Informal caregivers felt that incorporating tools that
promote goal-setting could increase autonomy in patients to
become more independent and take control over their health
outcomes. For example, the spouse of a rehabilitation inpa-
tient (IC4) stated:

Especially with the [app] in their hands because they are
trained and geared to be independent, that they can be
their [case] manager by seeing their bowel and bladder
and report[ing] back to their family doctor. It is like they
are their own case manager.

Similarly, a patient with tetraplegia (FC12) appreciated
having the ability to independently stay on top of his health
outcomes.

Participants strongly felt that by engaging in goal-setting
and planning, patients could identify health problems proac-
tively, encouraging preventative care over curative care. For
example, a physiotherapist (FC9) stated, “It’s one thing to
track retroactively and then another to make plans for im-
provement or things to change moving forward. Something
like that would be a nice solution.” Based on experiences from
previous mHealth apps, an educator (FC44) suggested incor-
porating a tool that provides motivational quotes to encourage
patients to take more initiative in self-managing their
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secondary complications: “It is a core [tool that] gives moti-
vational quotes, it’s really minimal in what it does, but I think
[this app] should try to incorporate [it].” Likewise, a patient
with tetraplegia (FC16) felt that consistent encouragement
from family to use the app motivated him to use the app
regularly. As a result, goal-setting and confidence tracking
(Fig. 4) tools were developed to motivate patients to set
short-term and long-term goals for a variety of health out-
comes (e.g., pain management, bladder control, etc.,) and po-
tentially facilitate positive behavioral change.

Improving participation and gaining support
to facilitate lifestyle change

Participants felt that increasing community participation
and support-seeking was an important focus for an app
to promote healthy self-management behaviors. Formal
caregivers discussed the importance of incorporating
tools that promote leisurely pursuits and how these tools
can facilitate lifestyle balance. For example, an occupa-
tional therapist (FC4) stated:

Learning to input some meaningful stuff, you know the
physical, creative, the social, the intellectual, the spiritu-
al... they can log themselves and see where they are in
the balance and their leisure pursuits marry with their
work, school, family life, and chores.

Fig. 4 Inclusion of a goal setting

A physiotherapist (FC18) described how a tool focused on
promoting leisurely pursuits could be incorporated to provide
patients with options on the types of activities they can get
involved in relative to their individual needs.

Think along the lines of exercise. They have an incom-
plete injury ... how far are they going, [or] the kind of
distance they are travelling. It is a possibility, just giving
people options of what types of activities they [can do]
during their day as well as looking at some recreational
activities that they [can get] involved in.

Formal caregivers also felt it was important to incorporate
tools promoting a variety of extra-curricular activities and
programs.

Healthcare providers emphasized the importance of provid-
ing social support for clients that were previously discharged
from inpatient rehabilitation. For example, a recreational ther-
apist (FC06) stated:

[Social support] would be really important to track for
people or to at least get thinking about and aware of too
because there are so many clients that come as outpa-
tients later, 2 years later, and they are socially isolated.

Developing tools that promote socialization and gaining
support to reduce social isolation was an important consider-
ation for formal caregivers. For example, a recreational thera-
pist (FC35) stated:

tool (left) a confidence tracking .
ool (tight) < My SCI Goals < My SCI Confidence
My Bladder Goals Rate your confidence in your ability to

4 hours!

4times

oy
\\./J 5times

218

o~
( ) 2.5L
@)

3L

Remember, you should empty your bladder every 3-

To pee this many times per day:

More than 5 times

To drink this much water per day:

manage the following aspects of SCI.

Date and Time of Response

Oct 24,2018 at 10:37 AM |4

AD (Autonomic Dysreflexia)
3

l 10 (Complete confidence)

Assistive technology (e.g. mobility devices,
bathroom devices, etc.)

7
0 (No confidence) l

Bladder
3

l 10 (Complete confidence)
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I think it would be good to have social aspect like
how many times have you had social contact in
the last week... these are new integrations that
are more important for our health, our long-term
health.

Formal caregivers felt that incorporating tools that fo-
cus on leisure pursuits should strike a balance between
patients being able to get out of the house and into the
community and connecting socially. Recreational activity
journaling and planning (Fig. 5) tools were incorporated
into the mobile app to help individuals to identify and
target activities within the community that they can en-
gage in.

Discussion

Building on recommendations to develop an internet-
based self-management program for individuals with
SCI [6], this study used an iterative design approach
to develop a novel self-management app. The discussion
that follows has been organized based on the three
themes that were identified by key stakeholders as im-
portant to the development of the app. Visual design
changes to the app are also provided based on each
theme identified by key stakeholders.

Fig. 5 Development of a
recreational activity planning tool
(left) and a recreational activity
journaling tool (right)

Date and Time of Response

Oct 24,2018 at 11:02 AM R4

1. What leisure and recreation activities do you
actively participate in now?

Being individualized and user-friendly

The emphasis on simplicity and flexibility resonates with find-
ings from previous research. For example, a previous study
suggested that problems with adoption of mHealth apps are
primarily related to poor app architecture and tool design that
does not meet the requirements of patients [24]. To facilitate
mHealth uptake, it is recommended to develop tools that are
perceived as user-friendly and useful to patients’ individual
health needs [25]. Involvement of stakeholders via iterative
design has also been suggested as a way of increasing com-
mitment, trust, and a positive attitude towards eHealth tech-
nologies [12]. A recent qualitative study exploring the use of a
user-centered model in designing mHealth apps found that
identifying users’ health needs can lead to the development
of a more functional and accessible mobile app [25].
Furthermore, a study on the development of an mHealth app
promoting self-management behavior among cancer patients
outlined the importance of taking into consideration the per-
ceptions of users throughout the development process as they
are most aware of their own condition [26].

A variety of challenges exists for people to use mHealth
data to make health behavior changes. Providing a visual rep-
resentation or trend of their personal health outcomes may be
important for patients to be able to attribute meaning to data
entered into a mobile app and, if necessary, become aware of
the need to make health behavior changes. According to a
recent survey, only 12% of US adults demonstrate proficient

< Leisure Activity Journal < Leisure Activity Planner

Date and Time of Response

Oct 24,2018 at 11:01 AM B4

1. What recreation or leisure activity do you have
difficulty doing or would you like to try?
Take a look at your Leisure Activity Journal tool for

ideas that you've brainstormed!
Click here

2. List activities you once enjoyed doing (but are not
longer able to or you haven't tried since your SCI)

TIP: Think about activities that you used to enjoy
doing and identify what you enjoyed about them.
Think about how these activities impact different
areas of wellness.

2. What barriers do/might you face in doing this
activity?

Barriers may include things like finances,
transportation, confidence, etc.
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health literacy—one’s capacity to obtain, process, and under-
stand basic health information required to make important
health decisions [27]. Issues with health literacy may make it
difficult for patients to interpret data that are not provided in an
easy-to-read format. A lack of proficient health literacy in
adult populations can be further exacerbated by incompetent
digital literacy skills, or inability to properly utilize internet
and mobile devices [28]. These barriers can make it difficult
for patients with SCI to understand personal health data and be
in a position to effectively self-manage their health, highlight-
ing the importance of having a user interface that facilitates the
intuitive display of behavior tracking data.

Targeting goals to promote self-management

The importance of goal setting in terms of health and wellness
tracking, as emphasized by participants, is congruent with
findings from previous studies. Setting daily and weekly goals
in order to increase discipline and facilitate behavior change
was recommended by participants in a study of users’ percep-
tions of mHealth apps [29]. In order to encourage patients to
develop a habit of setting weekly and monthly goals, a goal
setting tool was incorporated into the app. Goal specificity has
been identified as a strong predictor of goal achievement in
asthma self-management [30]. Identifying specific goals may
provide individuals with a clear target to strive towards,
whereas general goals that are poorly described are unlikely
to motivate or self-encourage behavioral change [31]. It has
been found that when individuals are engaged in a behavior
that provides a just-right challenge, they are more likely to
repeat that behavior [32].

Bandura’s self-efficacy theory, which indicates successful
behavioral change is predicated on one’s self-confidence in
carrying out an action and desire to achieve a particular goal,
supports the importance of goal setting in promoting self-
management behavior [33]. Participants in this study shared
the view that confidence and motivation are important facilita-
tors to successful behavioral change. In a recent study explor-
ing the views of people with traumatic SCI on the components
of a self-management program, approximately 40% of partic-
ipants indicated that a tool on increasing confidence was
“extremely important™ [6]. Furthermore, it has been found that
maintaining control over one’s care is an important facilitator
to self-management among individuals with SCI [6].

Improving participation and gaining support
to facilitate lifestyle change

Participants’ emphasis on incorporating tools that promote
engagement in leisurely pursuits and social support are not
surprising considering they are essential to increasing commu-
nity participation and facilitating lifestyle change. Beyond fo-
cusing on reducing medical secondary complications, positive

@ Springer

self-management behavior can be important for facilitating
social participation and improving overall wellbeing as indi-
viduals transition from rehabilitation into the community [34].
Challenges experienced by individuals with SCI reintegrating
back into the community are partly attributable to limited op-
portunities for meaningful social participation, including lei-
sure pursuits [35]. A study found that for individuals with SCI,
injured at least 10 years prior, participation in sport and recre-
ational activities decreases from 84% pre-injury to 47% post-
injury [36]. The most frequently reported reasons for poor
participation reported in a recent study, evaluating a commu-
nity reintegration outpatient program for community-dwelling
individuals with SCI, included the lack of opportunity to en-
gage in several indoor and outdoor recreational activities (e.g.,
sailing, hand cycling, strength training, etc.,) [37]. Findings
from the study show that engagement in recreational activities
elevates both mood and self-efficacy in people with SCI, un-
derlying the importance of developing tools that promote en-
gagement in leisurely pursuits [38]. There is also evidence that
social support (the supportive relationships built around an
individual including the support of family, friends, community
peers, and formal caregivers) is a key facilitator to the long-
term adoption of an mHealth app [39]. Thus, tools that facil-
itate socialization and support seeking may have the potential
to reduce an individual’s sense of isolation.

Strengths and limitations

A key strength to this study is that it involved ongoing in-
volvement from a variety of key stakeholders through-out
the development process. There are also several limitations
to this study. Although efforts were made to probe for negative
cases, a social desirability bias may have encouraged partici-
pants to focus on more positive experiences with the app.
Furthermore, the exploratory nature of the study (e.g., only
including participants in inpatient rehabilitation) may limit
the transferability of findings. In light of budgetary con-
straints, we were unable to achieve saturation. Additionally,
since interactions with rehabilitation inpatients and informal
caregivers were not audio-recorded, limited direct quotes
could be reported. Future projects could be pursued to explore
the perspectives of community-dwelling individuals with SCI
in the iterative development of the app. Furthermore, a similar
study including participants from a variety of cities, provinces,
and countries could provide a broader perspective.

Conclusion

To the authors’ knowledge, this is the first in-depth study on
the iterative development of a functional mobile app to assist
self-management following SCI during inpatient rehabilita-
tion. Involving key stakeholders into the iterative design
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process resulted in the emergence of three central themes im-
portant to the mobile app’s functionality, which include offer-
ing a user-friendly app experience, including tools with a goal-
setting focus, and encouraging user engagement towards lei-
sure activities. Future research is needed to evaluate the effec-
tiveness of this mobile app in SCI populations. These findings
may have long-term implications on the manner in which
mHealth self-management interventions are delivered within
the inpatient rehabilitation and community settings.
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