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ARTICLE INFO ABSTRACT

Keywords: Anticipatory guidance delivered via a mobile application (app) can support people with burn injury during the
Mhealth early recovery period. We sought to create a prototype app (Burn Connect and Recover — BurnCORE) to com-
Burn

plement care provided at burn centers and serve as a transition to the burn survivorship community. We
User-centered design employed a user-centered design (UCD) approach in collaboration with a diverse group of burn care and tech-
UX nology stakeholders (e.g., patients, carers, clinicians, software engineers) to determine key content, functions,
ul and interface preferences. UCD is an iterative design process where a multi-disciplinary team of application
designers receive feedback from future end-users to improve understanding of user requirements, optimal fea-
tures of user experience (UX), and user-app interface considerations (UI). We performed UCD according to its
phases: Phase I-community advisory for foundational inspiration; Phase II-cognitive interviews with patients,
their carers, and clinicians to determine key content and features; and Phase Ill-iterative co-design with
stakeholders using low-fidelity prototypes. Participants in Phase I suggested that we focus on key gaps in
knowledge of the timeline and domains of burn recovery, strategies to promote self-agency and motivation,
eliminating barriers to using burn-specific resources, and select issues that aimed to improve UX. Stakeholders
recommended several major application features: understanding the initial burn experience, visualizing recov-
ery, and habituation of daily/weekly tasks. Examples of iterative stakeholder feedback include addition of re-
covery performance tracking, monitored community chat functions, and better ways to visualize recovery over
time. UCD allowed us to confirm important burn recovery domains, define valuable features, and elicit from
stakeholders key UX/UI features to optimize app engagement.

App development

1. Introduction

After burn injury, people often experience pain, anxiety, depression,
stress symptoms and difficulties with body image, community integra-
tion and return to work.[1-5] However, assistance in recovery through
anticipatory guidance and development of self-agency is beneficial and
can improve outcomes.[6] Although comprehensive burn centers, sur-
vivorship networks, and advocacy groups collectively have resources to
optimize patients’ recoveries, these resources are not always
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coordinated or conveniently accessible on-demand. Mobile health
(mHealth) applications have emerged as an effective means for both
managing health and administering health interventions [7-12], and
recent research also signals that mHealth is an acceptable medium for
people with burn injury and applications have begun to fill this gap
[13,14].

Although thousands of mHealth apps have been brought to market
[71, the continued usage rate of such apps is disappointing [8,15] with a
significant proportion (45.7 %) experiencing abandonment during
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Fig. 1. Phases of user-centered design (UCD).

targeted use periods[8]. To fully realize the potential of mHealth,
ensuring continuing app engagement is critical. To address the issue of
app engagement, an evidence-based specific technique from the disci-
pline of Human-Computer Interaction (HCI) called User Centered Design
(UCD) [16-18] can be utilized. UCD is an iterative design process where
a multi-disciplinary team of platform designers iteratively receive
feedback from users to improve understanding of user and task re-
quirements, optimal features of user experience (UX), and key user-app
interface considerations (UI). UCD design iterations involve usability
interviews and exercises with between 3-5 users each and low-fidelity
UX prototypes — 80 % of UX problems and actionable feedback are
identified by the first four participants [19]. Therefore, each design
iteration is efficient and cost-effective. However, the increase in us-
ability and likely user engagement per iteration can be very high [16].
As an important note, major UX changes often require significant soft-
ware changes. Software changes are expensive; locking down optimal
UX features for maximizing engagement using the UCD process is much
more cost effective than performing multiple software iterations. UCD
significantly increases user engagement and positive outcomes in
mHealth apps [9-11]. For example, McCurdie et. al [9] report a 49.6 %
increase in the frequency of blood glucose measurements with a UX-
optimized app relative to an unoptimized app. Similar findings from
optimization of a weight loss management app suggest that improve-
ments in health can be gained when UCD is used early in the develop-
ment of mHealth technology [11].

To the best of our knowledge, design methodologies based on
existing HCI methods, and UCD in particular, have not been used to
design a highly engaging app to facilitate improved recovery after burn
injury. To address this gap, we used UCD to inform essential content,
feasible UX paradigms, key design elements, and desired functions of a
mHealth app we have termed Burn Connect and Recover (Burn CORE).
By doing so, our findings might serve as the foundational step toward the
development of a highly engaging app that enhances self-agency and
recovery after burn injury.

2. Methods

This work followed core tenets of UCD (Fig. 1) [17]. The UCD process
focuses on integration of potential app users as expert collaborators with
lived experience, soliciting of key requirements, and frequent, iterative
validation of findings and prototypes to validate and improve UX design.
The UCD process we followed is standard in the HCI community [19,20]
and the specific UCD steps and methods we employed are outlined
below. The project was approved by the University of Washington
Institutional Review Board Human Subjects Division. All stakeholders
provided informed consent prior to participation.

2.1. Phase I: Planning and conceptualization

Our first step in this process involved soliciting advice from the
Consumer Advisory Board (CAB) of our regional burn center. The CAB
consists of more than 20 people living with burn injury, parents, care-
givers, experts in burn care from multiple disciplines, employers, labor
and industry representatives, and patient advocates. The CAB suggested
that we focus our efforts on making burn recovery and rehabilitation
information more centralized and user-friendly for our diverse popula-
tion. In response, we convened an inter-disciplinary team consisting of
burn clinicians, a burn survivor and experienced software engineer, and
researchers from our Department of Human Centered Design and En-
gineering. We used existing research and resources from the Burn Model
System, Model System Knowledge Translation Center, and other groups
(e.g., American Burn Association, Phoenix Society for Burn Survivors)
that focused on understanding the lived experience of patients with burn
injury and their carers to design a semi-structured interview guide to
understand key content and features of a burn recovery app (Supple-
mentary Material).

2.2. Phase II: User research

Semi-structured interviews are essential to UCD and were used to
gather information about the aforementioned topics and allowed
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Fig. 2. Key user-experience (UX) functions of BurnCORE recommended by stakeholders.

exploration when new themes emerge [19-22]. UX development and
usability testing in UCD generally does not involve more than 4-5 users
each round [23,24].

We performed and transcribed interviews with patients, carers and
burn providers. Transcribed interview data were coded using Dedoose
(http://dedoose.com). Codes were identified by two coders working
independently followed by a reconciliation process with an additional
arbiter. Excerpts were grouped by code and themes were identified [21].
Themes were grouped into functional blocks based on semantic simi-
larity. Major functional blocks were grouped into three categories
(medium, large, extra-large) by the number of excerpts for importance
ranking. The extra-large and large blocks represented major app UX and
UI features to be initially designed. Relations between major functional
blocks were made explicit to link different pieces of UX functionality
together in the design of an app. The relationships and functional blocks
(of themes) directed the development of a UX prototype in the next step
of the UCD process.

2.3. Phase III: Prototyping and co-design

The functional blocks identified in Phase II were used to create the
initial UX prototype using the Figma UX prototyping tool (https://figma.
com) We used this UX prototype to drive iterative guided and interactive
discussions with the same groups of stakeholders as above. We used co-
design methods [25-29] that involve stakeholders actively exper-
imenting with the UX design, proposing UX design changes to the pro-
totype, and identifying missing features [30]. The feedback was grouped
into four categories:

a. Important to stakeholders and works as designed;
b. Important but needs re-design;

c. Important but missed in the prototype; and
d. Not a user requirement.

2.4. Phase IV: Future UCD

The feedback from co-design sessions was used to create iterative
prototypes that were again evaluated by the same stakeholder groups
until no further changes were recommended. The final prototype is
ready to be developed into a high-fidelity UX prototype that can be used
to confirm UX design in preparation for app coding and usability testing.

3. Results

We discuss the results within accordance with the UCD phases out-
lined above. Given the density of information gathered during the UCD
process, examples are presented to illustrate key findings.

3.1. Phase I: Planning and conceptualization

Discussions with the CAB via three sessions were used to develop and
optimize the interview guide to be used in Phase II (Supplementary
Material). The interview guide focused on key gaps in knowledge of the
phases and domains of burn recovery, identifying strategies to promote
self-agency, soliciting barriers to finding and using burn-specific re-
sources, and other questions that aimed to explore technology utiliza-
tion, motivators for recovery, and strategies to improve user-app
engagement (e.g., density of notifications, recovery goal setting and
progress tracking, interface with burn centers).
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Table 1

Key findings from user-centered design (UCD) interviews for BurnCORE.

UX function

Participant Feedback

Example in BurnCORE

Description of
my recovery
path

Recovery Task
Habituation

Community
with survivors

Patients wanted to visualize the
temporal path of recovery in
multiple domains.

Patients viewed recovery tasks
within domains such as wound
care as being on recovery paths
and wanted clear, concise, and
visual instruction to perform
tasks.

As outpatients, access to
materials (e.g., wound care
supplies) was identified as a
problem since they did not know
where to get such materials
locally.

Realistic expectations for
recovery were viewed as
important by providers (e.g.,
expectations of wound, graft,
and scar appearance).
Visualizing recovery paths and
both healthy and unhealthy
trajectories was found to be an
important UX function.
Trustworthiness and patient
comprehensibility of
information/tasks was viewed as
especially important with strong
patient preferences for image
and video over text.

Patients and providers both
identified the need for becoming
habituated to performing
recovery tasks.

Personal and survivor persona
specific goals and progress
tracking were recommended to
motivate task performance.
Celebrating progress towards
such goals was very motivating.

The ability to dovetail recovery
tasks and everyday tasks that
patients already do to minimize
task overload and promote
habituation was considered
critical by providers.

The ability to set personal
schedules and reminders for
recovery tasks was considered
important by both providers and
patients.

Patients wanted community with
other people with burn injury
and showed a distinct preference
for community with people of
similar survivor personas (e.g.,
relatively similar in age,
employment, injury pattern).
Patients did not want providers
to be part of this community,
preferring to use existing
electronic health record system-
based mechanisms for provider
communication.

Streamline transition from local,
monitored forums to the broader
burn survivorship community
forums once acute injury has
been managed (e.g., The Pheonix
Society for Burn Survivors).

Recovery timelines showing
experiences and recovery
tasks in multiple domains.

Resources and purchasing
links to recovery materials.

Resources and images to help
patients establish realistic
expectations for recovery.

Images of patient recovery
paths with both healthy and
unhealthy trajectories.

Clinician-generated and/or
vetted videos and images to
accompany text information.

Stepwise recovery tasks
tutorials with images and
short instructional videos.

Recovery goal and progress
tracking in multiple
domains.

Encouraging messages for
recovery progress and goal
achievement.

Tips and strategies to
integrate recovery tasks and
everyday tasks.

Recovery task schedules and
reminders.

Integrated burn survivor
community forums and
survivor testimonials for
various etiologies and
patient demographics.
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3.2. Phase II: User research

We performed interviews with six patients, three carers, and six burn

providers (e.g., surgeons, therapist, nurse, psychologist, vocational
rehabilitation counselor) that resulted in 13 h of transcribed text in-
terviews. Transcribed interview data were coded to yield 711 excerpts
and 70 codes with 6 major codes. Thematic analysis yielded three blocks
of UX functions representing major app features (Fig. 2). Table 1 sum-
marizes the key findings.

3.3. Phase III: Prototyping and co-design

We developed a low-fidelity prototype in Figma to demonstrate five

primary app functions: recovery timelines, task tutorials, daily dash-
board, progress tracking, and community forums. The goal of this pro-
totype was to convey the general functionality and layout of features to
aid in further ideation during co-design interviews. Some screenshots
from the UX prototype used to drive co-design are shown in Figs. 3 to 8.
Ilustrative features and iterations are also described:

1)

2

—~

3

—

4)

Initial experience: When the app first starts, the initial screen
(Fig. 3a) provides general information about first aid for burns and
directs the patient to the nearest emergency unit or burn center. The
reason for burn center referral is that without knowing what survivor
persona the patient falls into, the app cannot display the most rele-
vant UX. Furthermore, being evaluated at a burn center and then
referred to BurnCORE was said to provide an important facet of trust
used toward the app and exploration of a ‘burn survivor’ persona.
Visualizing recovery: Visualizing recovery was an important theme
identified by stakeholders and the app presents experiences that
patients are likely to face in the temporal course of physical, mental,
and psychosocial recovery (Fig. 3b) and when they wish to return to
school or work (Fig. 4). The physical recovery UX shows the expe-
riences for the sample persona.

a) Stars identify recovery tasks (e.g., wound care, stretching

regimen). Clicking on a star brings up UX to schedule and com-

plete the task (not shown).

The time to expected re-epithelization for the sample survivor

persona is about 2-4 weeks and this is indicated by fading out the

experience when no longer relevant.

c) A new (related) domain (e.g., itch, scar) will appear when
appropriate along the wound care UX when appropriate (e.g.,
during re-epithelialization, after wound closure). This allows the
UX to seamlessly weave together different but relevant domains
and associated tasks.

Habituation: Tasks such as appointments, are displayed on the UX
(Fig. 3c). Since stakeholders recommended the capability of enabling
recovery task habituation, recovery tasks also appear on the ‘tasks’
page of the app, which becomes the default page once recovery tasks
are scheduled (Fig. 4a). A daily activity schedule with reminders is
shown in Fig. 4b. Some scheduled tasks are automatically activated,
based on dependencies, such as taking pain medication or learning
about non-pharmacological pain management techniques before
wound care tasks.

Community: Fig. 4c shows a prototype of online forums. As in other

forums, some curated posts are at the top based on specific topics [e.

g., selected tips on return to work (RTW) and links to state-specific

RTW resources]. Stakeholders preferred local, monitored forums if

possible focused on topics related to recovery from and adaptations

to living with acute injury. Additionally, stakeholders recommended

a streamlined process to transition from local, monitored forums to

the broader burn survivorship community forums once acute injury

is managed (e.g., The Phoenix Society for Burn Survivors, TPSBS)
and local peer support groups (e.g., Phoenix SOAR Programs and
others) via a direct link.

b

=
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Fig. 3. Example screen shots from BurnCORE low-fidelity prototype that illustrate key user-experience (UX) features.

Over 7 h of interviews were conducted with an additional three
providers and five patients during the co-design sessions of Phase III.
[24] We grouped the feedback into four categories to inform the
development of a high-fidelity UX prototype. Table 2 is a summary of
illustrative findings. Co-design resulted in the identification of several
new functions described in Table 3.

4. Discussion

Uncertainty after burn injury can be partially remedied by accessible
information and engagement in recovery can be developed through
education and motivation via optimal UX in a mHealth app. Although
there is an abundant amount of high-quality online information that
describes burn injury and its sequelae, most content is generic and
contains no personalized anticipatory guidance, motivation, or perfor-
mance tracking. Therefore, we posited that the existing resources are of

limited utility. We employed UCD combined with co-design methods
[25-29] to develop a mHealth app prototype that guides the burn-
injured patient through early recovery. We followed the four estab-
lished phases of UCD, namely planning and conceptualization, user
research, co-design and prototyping, and future UCD [16-20]. In phase
I, we identified important burn recovery domains and designed the
interview guides for UCD from consultation with our CAB, UCD re-
searchers, people with lived experiences and a software engineer. Phase
II confirmed the recovery domains and identified important UX com-
ponents. In Phase III, co-design and iterative prototyping sessions tested
potential visualization tools, their utility, accessibility, and usability.
These sessions generated valuable information on needed changes to the
prototype. By doing so, the BurnCORE app prototype is ready for coding
a high-fidelity prototype with the potential to markedly improve
anticipatory guidance and self-agency in the recovery of burn-injured
patients.
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Fig. 4. Additional example screen shots from BurnCORE low-fidelity prototype that illustrate key user-experience (UX) features.

Table 2
Findings from iterative co-design sessions using low-fidelity prototypes of
BurnCORE.

Category UX functional areas Prototype changes
Important — Recovery experience Refine timeline scrolling,
works as visualization micro interactions and color
prototyped App functionality should be palette
present from day 0, not just Expand task scheduling
outpatient interface
Home page with sc---hedules
and critical notifications
Home page with sc---hedules Expand task scheduling
and critical notifications interface
Important — Forum experience should not Integrated and secure
redesign include common social media forums
needed

Progress tracking was too
complex and did not dovetail
with personal goals

Simplified progress tracking
visualizations

This work builds on the foundational work by Abrams and colleagues
who demonstrated acceptability and feasibility of using mHealth to
support burn care coordination and basic recovery education. Their app,
“The Bridge,” was a groundbreaking advance in the burn community
and was specifically developed to support patients being discharged
from regional burn centers during their next 90 days. “The Bridge”
contains core content aligned with the bio-psycho-social model of health
and collects patient data in multiple domains on a HIPAA-compliant
mainframe [13,14] to support post-discharge care. Evaluations of how
the app changed engagement in rehabilitation or self-agency, app
abandonment rates, or its impact on health and function have not yet
been reported. We aimed to advance this work by prioritizing patient
engagement, personalization, and user-centered motivations as key
success criteria. We used UCD to drive usability and engagement at
every stage in the design process. Additionally, UCD can maximize

health literacy and improve health equity by using patient personas and
aligning relevant information and tasks along the temporal course of
patient recovery. Prior work has shown that providing health education
using this “just in time” approach simplifies the consumption of recovery
information by patients and strengthens engagement, accessibility, and
effectiveness in motivating users [16-18]. In our case, UCD allowed us
to explore UX design more completely and in tandem with patients at
very low cost and eliminate the late-stage re-design of UX features that
lead to disengagement. Finally, making major UX changes after launch is
extremely expensive since it requires extensive software re-design and
re-testing. Thus, in addition to other benefits, UCD is a very cost-
effective technique for designing a more engaging online recovery
platform.

Our prototype also learned from the growing number of apps that
support patients navigating other illnesses and injuries. There were
lessons learned from both chronic conditions and surgical interventions.
For instance, in the Power to the Patient (P2P) heart failure project
(Indianapolis, IN) [31,32], the researchers used distinct patient personas
to formulate patient requirements and care expectations. We adopted a
similar approach during our Phase 1. Our personas permitted us to
predict specific challenges based on common sociodemographic features
and injury patterns. For example, younger patients with injuries to the
face and hands may deal with significant swelling that requires active
movement and compression. The platform can notify the user to expect
this swelling and provide instructions on how to mitigate it (recovery
tasks). Another example is that of working people who could benefit
from timed prompting and evidence-based milestone assessment for
returning to work. We intentionally drafted survivor personas with
diverse backgrounds, gender and circumstances, and tried to anticipate
issues of access to care and follow-up. Admittedly, online access is by
itself an equity challenge for vulnerable individuals; however, even
clinic-based access to the app can be used to improve self-agency during
recovery among apps with very intuitive UX [33,34]. Surgical prepa-
ration and recovery apps such as RECOVER-E for total hip and knee joint
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Table 3

Additional features and user-experience (UX) recommended by stakeholders

during co-design sessions with low-fidelity prototypes of BurnCORE.

Feature Participant Feedback Example in BurnCORE

Day 0 app Full app functionality Earlier introduction and
introduction should be present from day onboarding of BurnCORE

0 (at the burn center) rather =~ upon admission to the clinic.
than unfolding over time.
Idle time (e.g., clinic waiting
periods) was viewed as an
opportunity to increase app
engagement and set up the
app correctly (e.g., get
recovery tasks and
schedules configured while
under the immediate care
and direction of a burn
center).

Privacy in Participants uniformly Process for authenticating
community voiced that forums need to new users to provide
forums be trustworthy. Someone pseudonymity for the user

who has access to the forum  while ensuring specific
must be a person living with  attributes such as ‘survivor’
a burn injury since patients personas are accurate.

seek to interact with similar ~ Links to local or larger peer
‘survivor’ personas. support and survivorship
However, to protect patient networks.

privacy, partial anonymity

is also desirable.

Chronologically Grouping health Ensure that experiences in
ordered information according to common domains (mental/
experiences when experiences (such as physical/social) are

physical symptoms) would organized on a timeline
manifest made consumption  according to the start/end of
of information easier based each experience.
on a learn- as-you-go model.

Simplified recovery Lastly, both patients and Simplified, exportable

progress report providers agreed that
progress tracking could be
distilled into a brief report

to facilitate more efficient

recovery progress reports.

and focused future clinic
visits or alert patients to

seek re-evaluation when

progress is insufficient or
not ‘on-track’.

replacement (Bielefield University, Germany) informed us on parallels
with preoperative teaching, postoperative progress tracking, and moti-
vational cues [35]. In the burn field, there is a major opportunity to
inform the user on preoperative indications and options for skin resur-
facing. Postoperatively, the app can use recovery tasks to guide patients
through the care for recipient and donor sites, increasing activities to
return the affected body areas to pre-injury function, weaning from pain
medications, and screening for psychosocial challenges.

We note there are limitations to the current prototype and our
methods. Perhaps, the most important limitation is the scope of Burn-
CORE. Restricting full platform access to patients who had been seen at a
burn center (i.e., subset of all acute burns) is very intentional. BurnCORE
aims to augment and not be a substitute for care received at a compre-
hensive burn center. Specifically, we were concerned that acutely
injured patients may access the tool instead of seeking initial burn
center-based care. The second scope restriction is the duration of
engagement. Recovery within the first month has sufficient common-
ality to permit the design of an app that addresses common physical,
psychosocial and return to school and work features. Prior work has
demonstrated that recovery trajectories would significantly diverge and
limit the utility of and engagement with BurnCORE [36]. Individuals
whose trajectory deviates from an optimal course after one month merits
further in-person care at a burn center. However, addition of multiple
and dynamically evolving application personas can support those with
differing recovery trajectories and identify those who are significant
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outliers to better allocate recovery and rehabilaition services to those
most in need. This methodology has already been trialed with the Na-
tional Institute of Disability, Independent Living, and Rehabilitation
Research-funded multicenter Burn Model System program. Participants
are given serial reports of their responses to patient-reported outcome
measures in comparison with their matched peers. This has been re-
ported to facilitate awareness of their recovery trajectory and its relation
to others with similar injuries, augment motivation and engagement in
rehabilitation, and serve as a nidus for conversations with their burn
care team. Data inputted by the user and collected via BurnCORE can be
used to benchmark and plan recovery trajectories for increasingly spe-
cific personas. Further, use of artificial intelligence technologies such as
personalization engines, reinforcement learning, federated learning, and
transformer models can add significant personalization of the app to be
most optimized to gain useful engagement from a particular person with
burn injury. Next, there will be much to learn about disengagement,
potential sources of dissatisfaction from users, and sustainability issues
with platform. Useful data garnered from the initial version will un-
doubtedly allow us to think about scope expansion. Generalizability is
another important limitation. BurnCORE is configured with well-
established burn recovery domains, and these were confirmed by our
stakeholders’ interviews. Nevertheless, there may be important blind
spots as it is designed to work conjunction with a burn center. For
instance, practice variations, such as wound care, use of specific self-
guided mindfulness interventions, and pain management protocols at
other burn centers may differ. Much of these limitations will be
addressed with larger scale testing and data collection via the app on
feature utilization, engagement, and correlates with both negative and
positive recovery trajectories.

We followed UCD principles to create a prototype burn recovery-
specific mHealth app. UCD and iterative co-design sessions allowed us
to confirm important burn recovery domains, define valuable features,
and elicit from stakeholders key UX and UI features to optimize app
engagement. In addition to demonstrating the process that led to
BurnCORE’s readiness for development of a high-fidelity prototype, this
report may inform the development of other injury- and illness-related
recovery mHealth apps using UCD principles.

Next steps in BurnCORE development and evaluation include high-
fidelity prototype testing using UCD, programming and maintenance
of the app for use at pilot burn centers, and evaluation of user-app
engagement and abandonment (e.g., bounce and churn rates, session
durations, drop-off points in user flows, feature usage metrics). After, we
plan to perform a multicenter randomized controlled trial of Burn-
CORE’s impact on users’ self-agency, multi-domain recovery trajec-
tories, and user-specific goals leveraging the Burn Model System and its
National Data and Statistical Center research infrastructure.
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