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Abstract

Background: Carefor children with special health care needsrelies on anetwork of providerswho work to address the medical,
behavioral, developmental, educational, social, and economic needs of the child and their family. Family-directed, manually
created visua depictions of care team composition (ie, care mapping) and detailed note-taking curated by caregivers (eg, care
binders) have been shown to enhance care coordination for families of these children, but they are difficult toimplement in clinical
settings owing to alack of integration with electronic health records and limited visibility of family-generated insights for care
providers. Caremap is an electronic health record-integrated digital persona health record mobile app designed to integrate the
benefits of care mapping and care binders. Currently, there is sparse literature describing end-user participation in the co-design
of digital health tools. In this paper, we describe a project that evaluated the usability and proof of concept of the Caremap app
through end-user simulation.

Objective: Thisstudy aimed to conduct proof-of-concept testing of the Caremap app to coordinate care for children with special
health care needs and explore early end-user engagement in simulation testing. The specific aims included engaging end users
in app co-design via app simulation, eval uating the usability of the app using validated measures, and exploring user perspectives
on how to make further improvements to the app.

Methods: Caregivers of children with special health care needs were recruited to participate in a simulation exercise using
Caremap to coordinate care for a simulated case of a child with complex medical and behavioral needs. Participants completed
apostsimulation questionnaire adapted from 2 validated surveys:. the Pediatric Integrated Care Survey (PICS) and the user version
of the Mobile Application Rating Scale (UMARS). A key informant interview was a so conducted with aliai son to Spanish-speaking
families regarding app accessibility for non—English-speaking users.

Results: A Caremap simulation was successfully developed in partnership with families of children with special health care
needs. Overall, 38 familiesrecruited from 19 different US states participated in the simul ation exercise and completed the survey.
The average rating for the survey adapted from the PICS was 4.1 (SD 0.82) out of 5, and the average rating for the adapted
UMARS survey was 4 (SD 0.83) out of 5. The highest-rated app feature was the ability to track progress toward short-term,
patient- and family-defined care goals.

Conclusions: Internet-based simulation successfully facilitated end-user engagement and feedback for a digital health care
coordination app for families of children with special health care needs. The families who completed simulation with Caremap
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rated it highly across several domainsrelated to care coordination. The simulation study results el ucidated key areasfor improvement

that translated into actionable next steps in app development.

(IMIR Form Res 2023;7:€43993) doi: 10.2196/43993
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Introduction

Background

Carefor >13 million children with specia health care needsin
the United States [1] often requires their parents or caregivers
to manage information and communication across a complex
ecosystem of providers and disciplines|ocated both within and
outside of traditional health care settings. These include, but
are not limited to, medical, social, behavioral, developmental,
educational, home care, and supportive therapy providers [2].
The organization of such acomplex care team requires effective
care coordination, defined as a “patient- and family-centered,
assessment-driven, team-based activity designed to meet the
needs of children and youth while enhancing the caregiving
capabilities of families’ [2-5]. Effective care coordination is
associated with better outcomes [3,4]; however, effective care
coordination for children with special health care needs is
challenging to implement and sustain at a systematic level.

Promising Tools for Care Coordination for Families
of Children With Special Health Care Needs

Two existing family-centered tools hold promise to facilitate
effective care coordination for families of children with special
health care needs: care binders and care maps. Care bindersare
manually organized by many families of children with special
health care needs to manage their child’s care and organize
relevant hedth information (history, procedures, and
medications) over time and across different health care systems
and providers [6,7]. Care mapping is a family-driven process
that visually highlights a family’s needs, strengths, and
interactions among all resources available to support the child
(Figure 1 [8]) [3,9,10]. Field experience with patients and
families has demonstrated that the process of manually creating
a hand- or computer-drawn care map can help families of
children with specia health care needs to prioritize needs,
identify service gaps, and facilitate communication with care
teams to clarify roles, responsihilities, and desired outcomes

https://formative.jmir.org/2023/1/e43993

[11]. Care mapping offersasummative overview of interrelated
connections across each child's multidisciplinary care team
members. Coupled with the traditional, family-curated 3-ring
binder, care mapping offers the ability for a family to
comprehensively archive health information and family-reported
insights over time.

Although care binders and care mapping can play an important
role in coordinating care for children with specia health care
needs, responsibility falls on families of children with special
health care needs to create and maintain these tools for the
organization of information across a complex network of
services and providers. Furthermore, these tools are not
integrated with electronic health records (EHRS). As a result,
rich insights from caregivers contained within binders and care
maps are difficult to share and largely invisible to health care
providers across sectors, ultimately contributing to care
fragmentation. Preserving the core benefits of these care
coordination toolswhile concurrently identifying waysto scale
up their use by both caregivers and health providers will be
important to broaden access to family-driven and
family-centered care coordination toolsthat may help to improve
health outcomes for children with special health care needs.

Digital health tools developed to meet the care coordination
needs of families of children with special health care needs
[12,13] have the potential to support effective care coordination,
but there has been limited research to date into the impact of
these tools on outcomes. Currently, there is a dearth of
measurable experiences of theimplementation of digital health
tools for children with special health care needs and their
families[14]. Furthermore, despite growth in digital health tool
development, there exist two major obstacles to broader
real-world implementation of digital care coordination toolsfor
children with specia health care needs: (1) the lack of
integration of patient- and family-reported content with EHR
data and (2) the inability of health care providers to visualize
insights recorded by patients and families over time.
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Figure 1. Anexample of ahand-drawn care map showing a network of support that contains various entitiesin health care, legal, financial, education,
community, and other resources centered around the patient’s family (reproduced from Lind [8] with permission from Cristin Lind).
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Caremap: A Digital CareMapping and Health Binder
Tool

A digital persona health record (PHR) is a digital health tool
designed to securely access, manage, and share hedlth
information. In contrast to paper-based tools such as care
mapping and care binders, a digital PHR can (1) access
information across multiple health systems, (2) store and share
family-reported health insights (eg, care goals and symptoms),
and (3) facilitate communication with providers. A digital PHR
can leverage Fast Healthcare I nteroperability Resources (FHIR)
open-data standards to securely access and share data among
multiple EHRs and mobile apps [15]. FHIR standards are
increasingly being adopted by health systemsfor digital health
apps [16,17], and the 21st Century Cures Act now requires
electronic health information to be shared freely with patients
by health provider entities [18]. By applying these features to
integrate the core benefits of care mapsand care binders, digital
PHRs are well positioned to facilitate care coordination for
children with special health care needs[19].

Caremap [20] is an FHIR-enabled digital PHR mobile app
designed by patients and families in collaboration with digital
health developers, clinicians, and researchers to support
family-centered care coordination for children with special
hedlth care needs and make family-reported longitudinal insights

https://formative.jmir.org/2023/1/e43993

RenderX

.r/[-o.m

Prof.
™

GatD
S«p J@&’) @ocﬂ commm‘ce)

Gwm | A
@@ ||'I ﬂm]lq\lﬂlfﬂp
i | £5 e B
= -(.-—~= o i L sfﬂ 2 \Sm tl.js-f ‘?’(nf:r /

1[IJ

Rt Fu{emhnw for (hrdrm {ﬂ\J)
s _ | — @agg A&'Icrafe_t,)_ = {; Ch
| U (y’ar&@ ,M,:rﬁmzi“ej 6rqrxm.1ny r ar%g}r;)
" Advoc Cfﬁ) o9 2o
o = Adaptive sporis
J« L&ader;hi Fi — CEG_‘{ : )

— Rec. "L (Swim Jeache

— —l-\/ ';;"_— Sl { omm /'Jf_f"_t’_)
Community_) T(g—m >R
eqol 4
Le Fmanaa. S
‘Lﬁrud £ (pttorne)
fends) Estafe {4 fPlonncr)
-lfr?o_."rw i
5) cl_u(_a‘hoﬂ)
Eor-[ gmuECT‘@_LSD \- (HFUI’ﬂ(’_b}D_

( 1 -
\q‘v M Ed Cﬂn_g_g_ ‘!’dﬂ)
ra n[sQ‘?@

ahte (SrbShnE@
D_ML er} rﬂmq SUffuﬁ‘\

\@Iﬂ Duf_r.’sjas Lumw}:_}

visibleto health care providers. After initial development of the
Caremap app, it was entered into the US Heal th Resources and
Services Administration Maternal and Child Health Bureau's
Care Coordination for Children with Special Health Care Needs
Challengein 2019, whereit was declared the winner by a panel
of federal judges and expert advisors who evaluated the app’s
potential for impact, sustainability, accessibility, and innovation
in care coordination [13]. Before further testing in real-world
clinical environments, rigorous proof-of-concept testing with
familiesof children with special health care needswasidentified
asacritical next step.

User-centered design with early end-user engagement is
increasingly recognized as essential for digital health tool
development [21-24]. The goal of this study was to co-design
with end usersasimulation exercise to conduct proof-of-concept
testing of the Caremap mobile app to coordinate care for
children with special health care needs. The specific aims of
the study included (1) engaging end users (ie, families of
children with special health care needs) in app co-design using
amobile app simulation, (2) evaluating the usability of the app
using validated measures of app usability and care integration,
and (3) exploring user perspectives on how to make further
improvements to the app using survey feedback and key
informant interviews.
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Methods

Setting and Approach

This was a prospective study with adults from families with
children with special health care needs who participated in an
internet-based simulation exercise to test the usability of the
Caremap mobile app as part of the Maternal and Child Health
Bureau's Care Coordination for Children with Specia Health
Care Needs Challengethat sought innovative technol ogy-based
solutions to address care coordination for children with special
health care needs[13]. Usability testing was originally intended
to be conducted in person using real EHR data; however,
because of the COVID-19 pandemic and the closure of many
ambulatory clinics across the United States, the origina
in-person usability testing plan was adapted into an
internet-based simul ation exercise based on asimulated patient
case.

Rationalefor Simulation asan Approach to End-User
Testing

We selected simulation as the approach for usability testing
because of its supporting evidence base as a methodology for

Wong et a

user testing [25,26] and for the flexibility offered by simulation
during the COVID-19 pandemic. Simulation offered a rapid
and inexpensive technique to efficiently gather feedback from
a broad sample of users from multiple regions, identify pain
points, and make critical adjustments early in the app
development process.

Caremap Mobile App Description

Caremap is an iOS-compatible, FHIR-enabled mobile app that
allows usersto view and share asummary of their child’s latest
health record, set patient- and family-centered care goals, track
symptoms, monitor progresstoward care goals, and share health
dataacross care entitiesto ultimately facilitate care coordination
across multiple careteam members. Caremap includes 2 primary
components. a patient-facing mobile app (Figure 2) and a
clinical dashboard (Figure 3); only the patient-facing mobile
app was assessed in this study. A detailed description of the
core components of the patient-facing mobile app can be found
in Multimedia Appendix 1.

Figure 2. Select screenshots of the Caremap digital personal health record (PHR) mobile app. (A) My Health tab showing PHR features. (B) Track tab
showing asample of trackable family-reported health outcomesfor users. (C) Insightstab showing agraphical summary design of user-tracked outcomes.

EHR: electronic health record.

(A) EHR-integrated patient (B) Patient-reported outcomes (C) Patient reported outcomes
health overview tracking menu summary and trending
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Figure 3. Interface of the Caremap prototype clinical dashboard to be integrated into an electronic health record showing an overview of the patient’s
pertinent health information, including active care goals, alergies, problems list, and medications. The dashboard also shows items flagged by the
Caremap mobile app user (yellow flags) for review. In addition, the dashboard summarizes family-reported outcomes for the patient.
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Study Participants and Recruitment

Participants in the simulation exercise for app testing were
recruited using convenience sampling viadirect email outreach
to a national sample of families of children with special health
care needs engaged with Family Voices. Family Voices[27] is
a national family-led organization of friends and families
representing, and providing support to, families of children with
specia health care needs. Family Voices leads a network of
state-level organizations that are present in al 50 US states, 5
USterritories, and 3 tribal communities. The inclusion criteria
for participantsin this study were being afamily member caring
for achild or youth with special health care needs, having access
to the requisite technol ogy (iOS-compatible device and internet
access), and being able to speak English. Upon the completion
of the simulation exercise, participants received compensation

https:/formative.jmir.org/2023/1/e43993
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consistent with best practice standards for family-engaged
research [28]. Intotal, 38 familieswererecruited into the study.
Individual participant-level demographics were not collected
to respect the privacy of the families recruited.

Simulation Exercise Design and | mplementation

The testing version of Caremap included a prepopulated
complete record of information about a simulated pediatric
patient with complex behavioral and medical needs, including
information about medical conditions, medical equipment,
patient goas, emergency care, alergies, medications,
hospitalizations, and the care team. The cocreation of the
simulated patient case and fictitious biopsychosocial el ements
involved an interdisciplinary team of families of children with
specia health care needs from Family Voices and the family
advisory committee of Boston Children’s Hospital, clinicians
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and researchers from Boston Children's Hospital, and an
elementary special education teacher. The simulated patient
case was reflective of the lived experience of, and real-world
challengesfaced by, children with special health care needsand
their families.

Between October 12, 2020, and November 2, 2020, the
participating families downloaded and used the Caremap maobile
app to complete the ssimulation exercise. For the simulation,
participants assumed the role of afamily to the smulated child
with complex needs, Isabella (aged 9 years), and used the
Caremap mobile app to review the case detailson their personal
devices. Participantswereinvited to familiarize themselves with
the Caremap app on their own, after which they were provided
with specific activities within Caremap to coordinate Isabella’s
care in response to simulated real-world scenarios that
demonstrate use cases for Caremap’s mobile features. These
activitiesincluded (1) reviewing Isabella’s profile and making
additions and changes to health data such as medications and
medical history; (2) tracking medication use and symptoms
related to | sabella’ s health, including urination frequency, mood,
bowel movements, and sleep over thelast 3 days; (3) reviewing
simulated data graphics based on previous simulated data
entries; and (4) communicating and sharing health data with
other care team members via the app. The simulation was
designed to take around 30 minutes. Immediately after the
simulation experience with the Caremap app, participantswere
invited to complete a 29-item web-based survey to gather
family-reported feedback. Complete simulation instructionsfor
participants can be found in Multimedia Appendix 2.

Outcomes or M easures

Study data were collected and recorded on the web using
REDCap (Research Electronic Data Capture; Vanderbilt
University) [29]. The survey had two parts: (1) an experience
of care integration instrument containing 12 questions adapted
from the Pediatric Integrated Care Survey (PICS), a validated
instrument that captures family-reported experiences with care
integration (ie, working with their child's care team to plan,
manage, and track their child’scare) [30], and (2) afunctionality
assessment instrument containing 17 questions adapted from
the user version of the Mobile Application Rating Scale
(UMARS) [31], a validated tool that assesses mobile app
usability. The fina study survey items (Multimedia Appendix
3) were adapted by the research team, which included
investigators and family partners, and vetted with Family
Voices; for example, the PICS question “In the past 12 months,
how often have you felt that your child's care team members
thought about the ‘big picture’ when caring for your child,
meaning dealing with all of your child’s needs?’ was adapted
inthisstudy to “Based on your experience using Caremap, how
easy or difficult would it be for Isabella’s family to make sure
that the ‘big picture’ was taken into account when decisions
and recommendations were made about Isabella’'s care?” The
adapted survey questions were a combination of 5-point Likert
scale questions and sliding scale questions rated from 0 to 100.
The questionswere also grouped into the following themesfrom
the original UMARS instrument: engagement, functionality,
aesthetics, information, and subjective quality, as well as
perceived impact (not part of the uUMARS).

https://formative.jmir.org/2023/1/e43993
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In addition, participants responded to 3 open-ended questions
associated with the functionality assessment instrument on app
functionality to evaluate their perceived level of understanding
of the opportunities in care coordination after the simulation,
their confidence in the app’s ability to coordinate care across
team members, and their confidence in their own ability to
coordinate care. Refer to the full survey in Multimedia A ppendix
3 for more details.

Key Informant Interview

In addition to the user-reported measures of app usability and
careintegration, akey informant interview was conducted with
aliaison to Spanish-speaking families of children with special
health care needs at Boston Children’s Hospital to assess the
potential benefits and challenges of Caremap regarding
advancing health equity, particularly for Spanish-speaking
families of children with special health care needs.

Analysis

Quantitative data collected from the adapted PICS and uMARS
survey were summarized using descriptive statistics. Sliding
scaleresponses were converted to 5-point Likert scoresfor ease
of comparison (eg, scores of 0-20 on the sliding scale=1 out of
5 on the Likert scale). Top and bottom box analysis of the
adapted PICS and uUMARS survey results was a so conducted,
where the top box responses represented the 2 most favorable
responses for each question (ie, Likert score of 4 or 5) whereas
the bottom box responses represented the 2 least favorable
responses (ie, Likert score of 1 or 2) [32]. Free-response answers
from the functionality assessment survey were categorized by
constructive versus positive commentary, and thematic analysis
was conducted on these responses by 1 reviewer for key themes
and verified by 2 other reviewers independently. Insights from
the key informant interview were summarized into key learnings
and trandated directly into actionable steps for app
improvements.

Ethical Consider ations

The study was reviewed by the Performance Excellence Group
at Boston Children's Hospital, and it was determined to be
exempt from ingtitutional review board review.

App Security Assessment, I nformed Consent, and
Participation

Caremap was reviewed with the Boston Children’s Hospital
information security team. The review included a thorough
assessment of the overall solution, validation of the data security
protectionsin place, identification of the use of protected health
information in the solution by patients and care teams, and
vulnerability code scanning for the app. The review resulted in
the approval of the app for the limited scope of the simulation
study. Protected health information was not used in the
simulation, and participants did not have the ability to upload
or import personal information into the app during simulation
testing. Participants were required to read through, and
acknowledge, a consent letter describing the risks and benefits
of the smulation study before participating in it. Parent and
caregiver participants received US $100 in compensation after
the completion of the simulation exercise and al postsimulation
surveys.
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Results

Over 1 month, from October 13, 2020, to November 12, 2020,
atotal of 45 familiessigned up for the simulation, and 38 (84%)

Figure 4. Map of participants recruited by US states highlighted in gray.

Wong et d

familiesfrom 19 states (Figure 4) completed both the simulation
exercise and the survey. On the basis of aggregate internet
connectivity data by state, participants spent an average of 34
minutes reviewing the simulated patient’s health information
and using the Caremap app during the simulation.

User-Reported Experience of Care I ntegration and
App Functionality

The survey results from the participants (N=38) based on the
experience of care integration and functionality assessment
instruments are summarized in Tables 1 and 2. The responses
from the experience of care integration survey demonstrated
an average score of 4.1 (SD 0.82; range 3.8-4.5) out of 5 across
all measures (5=very easy and 1=very difficult). Top and bottom
box analysis revealed that the most highly rated capabilities
included the app’s ability to track progress toward short-term
goals (question 9, with arating of 95% of the responsesin the
top box) and the ability for families to communicate with care
teams regarding concerns about care (question 1, with arating
of 84% of the responses in the top box). The lowest-rated
capabilities included the app’s ability to help families think

https:/formative.jmir.org/2023/1/e43993
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about future care needs to ensure that they are taken care of
(question 11, with arating of 11% of the responsesin the bottom
box) and the ability to make sure that the big picture was
considered when decisions were made for care (question 12,
with arating of 11% of the responses in the bottom box).

The functionality assessment survey showed an average app
usability rating of 4 (SD 0.83; range 1-5) out of 5, with the
perceived impact of the app being the highest-scoring category.
Participants also rated the app highest in areas of engagement
(out of 5: mean 4.1, SD 0.82; range 2-5), perceived impact (out
of 5: mean 4.3, SD 1.18; range 2-5), and information quality
(out of 5: mean 4.2, SD 0.70; range 1-5). Participants rated the
app lowest in terms of functionality (out of 5: mean 3.8, SD
0.76; range 2-5) and aesthetics (out of 5: mean 3.9, SD 0.81;
range 2-5).
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Table 1. Summary of the experience of care integration survey (adapted Pediatric Integrated Care Survey [PICS]).

Question PICS domain® Category score (Likert  Likert score, mean (SD;  Ratinginthetop Rating in bottom 2
scale), mean (SD) range) 2 box (%) box (%)
1 Care team communication 4.2 (0.82) 4.3 (0.85; 2-5) 84 5
2 Care team communication 4.2 (0.82) 4.2 (0.77; 2-5) 79 3
3 Care team communication 4.2 (0.82) 4.1 (0.74; 2-5) 82 3
4 Care team communication 4.2 (0.82) 4.1 (0.91; 2-5) 71 5
5 Team functioning, performance, quali- 4.1 (0.85) 4.0 (0.82; 2-5) 74 5
ty, and connectivity
6 Family impact 3.9(0.81) 4.0 (0.81; 2-5) 79 5
7 Family impact 3.9(0.8) 3.9(0.81; 2-5) 66 3
8 Team functioning, performance, quali- 4.1 (0.85) 4.1 (0.87; 2-5) 74 5
ty, and connectivity
9 Care goas and care planning 4.3(0.72) 4.5 (0.60; 3-5) 95 0
10 Care goals and care planning 4.3(0.72) 4.1 (0.82; 2-5) 68 3
11 Family impact 3.9(0.81) 3.8(0.81; 2-5) 76 11
12 Integrator 3.8(1.01) 3.8(1.01; 1-5) 68 1

3Domains based on the PICS developed by Antonelli et al [32].

Table 2. Summary of the functionality assessment survey (adapted user version of the Mobile Application Rating Scale [UMARS]).

Question UMARS domain® Category score (Likert  Likert score, mean (SD; Ratingintop2  Ratingin bottom 2
scale), mean (SD) range) box (%) box (%)

1 Engagement 4.1(0.82) 4.4 (0.82; 2-5) 89 6

2 Engagement 4.1(0.82) 3.8(0.90; 2-5) 69 11

3 Engagement 4.1(0.82) 4.3(0.72; 2-5) 89 3

4 Functionality 3.8(0.76) 3.7 (0.79; 2-5) 71 8

5 Functionality 3.8(0.76) 3.9(0.73; 2-5) 63 3

6 Aesthetics 3.9(0.81) 4.0(0.91; 2-5) 63 3

7 Aesthetics 3.9(0.81) 3.9(0.69; 3-5) 71 0

8 Information 4.2 (0.70) 3.9(0.80; 1-5) 82 6

9 Information 4.2 (0.70) 4.2 (0.69; 3-5) 84 0

10 Information 4.2 (0.70) 4.5 (0.61; 3-5) 84 0

11 App subjective quality 3.9 (1.05) 4.3 (0.86; 2-5) 79 3

12 App subjective quality 3.9(1.05) 4.0 (0.96; 2-5) 66 6

13 App subjective quality 3.9 (1.05) 33(1.27; 1_5)b 26 13

14 Perceived impact 4.2(1.10) 4.2 (1.09; 1-5)° 63 5

15 Perceived impact 4.2 (1.10) 4.2 (1.10; 1_5)b 58 6

16 Perceived impact 4.2 (1.10) 4.3(1.18; 1-5)° 68 6

17 Perceived impact 4.2 (1.10) 4.2(1.02; 2-5)° 61 0

8Domains based on the user version of the UMARS[31].
BLikert scores converted from adliding scale score based on the process outlined in the Methods section.
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Thematic Analysis of Free-Response Commentary by and (3) capability to share knowledge with both providers and
Simulation Participants other caregivers, facilitating cross-stakeholder understanding.
The constructive feedback indicated a need for integration of

The identified core themes from the thematic analysis along the Caremap mokile app with existing seore m ing

with representative participant comments are shown in Textbox . . e
1. Positive feedback highlighted that Caremap (1) would make  Prforms (eg, patient portals) to streamline communication
coordinating care easier for families of children with specia with prov@er; participants also provided recommendations for
health care needs, (2) is a convenient way to store and manage funct|_onal Ity |mprove_ment_s that would enhange 'Fhe app user
health care data, (3) facilitates improved communication with experience (.LJ.X; eg, direct |mport of contactsw!thlr_] the device
careteams, and (4) promotes shared understanding of care plans _Lmd). Add|t|_onal qonstructlve _feedback_ hlghl_|ghted the
that could prevent inadvertent misses by providers and enhance Importance of Integrating Qaremap into theexisting life structure
care safety. The positive commentary repeatedly pointed to of fa_rmhes of children with special heglth care needs without
Caremap’s advantages in creating (1) accessibility for parents creating add_ed bur(_jgn aswell as,custom|zab|I|ty of app features
with busy schedules, (2) central information storage capability, and UX to it specific end users’ needs:

Textbox 1. Results of thematic analysis and representative commentary.

«  Caremap mobile app makes coordinating care easier for families of children with special health care needs

«  “Thisapp would make organizing and coordinating my child’s health care needs so much more effective, streamlined and all around easier.
As parents if [of] special needs kiddos, our brains are always so full of information...info we need to tell doctors, info we need to tell
therapists, Info [info] we think of we [at] 3am and have to then try to remember to tell ours [our] kiddos team are [at] a more reasonable
hour in the day...if we had this app, we could click in at 3am and get all of those things off our mind, and the info would be there for the
providersto see! Life changing!!”

«  Caremap mobile app is a convenient way to store and manage health care data

« “Absolutely!! Everything in one user friendly app. It would help when my husband had to take our child to appointments too. He could
always be in the loop with what is going on. And have access to the information if he didn’t know an answer to a question.”

«  Caremap mobile app facilitates improved communication with care teams

«  “Often times health professionals do not review chartsin advance or don’t understand the bigger picture and the goals we have. Thiswould
be an excellent way to share those and encourage parents to speak up without feeling uncomfortable doing so.”

«  Caremap mobile app promotes shared understanding of care plans to prevent inadvertent misses and enhance safety

«  “Coordinating with all of the specialists, Teachers, therapists, etc is one of the most time consuming and frustrating tasks of a specia needs
parent. Streamlining coordination would safe [save] so much time and prevent so many misunderstandings and inadvertent ‘misses' in the
health care plan.”

«  Needfor integration of Caremap into existing tools for health care coordination without added burden on end users

o “I feel like thisis a proof of concept for an app that ultimately could be integrated into something like a secure messaging platform for
communicating within the app, alowing all care info to be centralized. I’d like to see something like a ‘visibility’ radio [button] selection
for data in the app that would automatically share it to different family/care team members (either using the same app or a compatibly
[compatible] platform in amedical facility). Asis, it seemslike it'sagood activity tracker combined with alimited note taking app and an
address book.”

«  Need for customizability of app user interface and functionality to match end-user needs

«  “Thoughts on provider info and communicating with providers. Would be great to import provider contacts directly from phone contacts.
Alsowould be helpful to put in next appt [appointment] with providers. Relationship field: leave ablank optiontofill in. It'simpt [important]
to know the provider specialty, but there'stoo many for adrop down menu. Provider section also needs ablank notesfield re: office, parking,
nurse info. | find myself strongly preferring to contact our 20+ providers via online portal rather than phone. The feasibility of integrating
this app with secure portalsislikely a challenge. This limitation would limit my use of the app as a primary communication tool.”

« “ldeasfor improving: Add height to opening dashboard, as height and weight are both regularly required for monthly supply orders. Calendar
integration would be great. Tracking appts [appointments] is the main reason | keep an online calendar. Would like an option to mark
issues/goal ¥meds [medications] and export thoseinto achecklist to guide an individual provider appt [appointment]. For dischargeinstructions,
| would like to see a photo option, since those are often long and come in paper form.”

needs at Boston Children’sHospital are summarized in Textbox
2. These key themes were directly trandated into actionable
Learnings from the key informant interview with aliaisonto  pext stepsfor development in partnership with our key informant
Spanish-speaking families of children with special health care g enhance equitable access to Caremap.

Key Informant I nterview
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Textbox 2. Key informant interview learnings and next steps.

Wong et a

«  Solution must be accessible to users with limited tech literacy and atool that supports, not burdens, families

«  Need user support system onboarding new families; design must be simple to navigate (eg, yes or no answers)

«  Platform needs to address cultural uniqueness and the ways families write, read, and absorb information

« Build out “About Me” field within Caremap app to account for cultural preferences and attributes

«  Health education and information must be presented at comprehension levels that facilitate understanding

«  Continue to translate and refine Caremap language and prompts to facilitate easy user experience for all families

o Accessto child’'s medica information (eg, medications and care team member details) would facilitate improved family-provider discussions,

especially in emergency department and urgent settings

o Mustinclude accessible information that matters most to all familiesin clinical situations; ensure broad access by making app available on

lower-cost devices

Discussion

Overview

This study used simulation to gather formative feedback from
anational sample of caregivers of children with special health
care needs on the usability and functionality of a digital PHR
mobile app, Caremap. The findings reported by users during
testing provided support for the proof of concept of the Caremap
mobile app as a care coordination tool for children with special
health care needs. Our use of simulation as a method for user
engagement in the mobile app design process and our description
of this novel approach can help inform other research teams
leading mobile app development.

Principal Findings

Early end-user engagement in heal th innovations and technol ogy
development is highly important [21-23], yet there is limited
literature describing end-user contributions to digital health
toolsfor children with special health care needs[14]. This study
was innovative because it demonstrated the feasibility of
leveraging an internet-based app simulation co-designed with
families of children with special health care needs as a
user-centered approach to gather early formative feedback on
the usability of adigital care coordination tool for children with
special health care needs. Furthermore, this study demonstrated
the effectiveness and flexibility provided by asimulation-based
research method over traditional recruitment methodsto quickly
recruit participants nationally (eg, successful recruitment of 38
familiesof children with special health care needsfrom 19 states
within 6 weeks with a completion rate of 38/45, 84%).
Partnership with afamily-led community-based group (Family
Voices) representative of our target end userswas akey strategy
that enhanced study recruitment. The success of this
user-engaged recruitment strategy can serve asaframework for
future studies evaluating digital health tools serving targeted
clinical populations such as children with special health care
needs.

Family-reported responsesto survey itemsrevealed high ratings
from families of children with special health care needs across
multiple domains. On the basis of the experience of the care
integration survey (adapted PICS), families rated Caremap

https://formative.jmir.org/2023/1/e43993

particularly highly in the care goals/care planning domain (out
of 5. average 4.3, SD 0.72; range 4.1-4.5, across domain
guestions) as atool to help track short-term care goalsand as a
highly engaging tool for care coordination. This was further
reinforced asastrength of the app by the open-ended responses,
with positive participant comments on the advantage of the
tracking capability in Caremap, revealing how “daily health
tracking [has become] a necessity” and that “there’s value in
[Caremap]...as it would help me track progress/problems/etc.
for appointments.” Thisdemonstratesarea need among families
of children with special health care needs for an improved tool
to record care goals, symptoms, and medicationsin real time.

The adapted PICS responses and open-ended participant
comments also revealed that Caremap is promising as atool to
enhance communication with care team members, with high
ratings in the care team communication domain (out of 5:
average4.2, SD 0.82; range 4.1-4.3). The open-ended partici pant
feedback highlighted the role that asynchronous accessto editing
patient health data can play in communication with providers,
as a participant noted, “if we had this app, we could click in at
3am and get all of those things off our mind, and theinfo would
be there for the providers to see! Life changing!!” Other
commentary highlighted ways in which even in-person
communication could be enhanced by Caremap, with a
participant stating that “ often times health professionals...don’t
understand the bigger picture and the goalswe have. [ Caremap]
would be an excellent way to share those and encourage parents
to speak up without feeling uncomfortable doing so.”

On the basis of responsesto the functionality assessment survey
questions, the app scored highly in theinformation domain (out
of 5. average 4.2, SD 0.70; range 3.9-4.5, across domain
guestions). Participants rated the app particularly highly as a
credible source of information (question 10, out of 5: average
4.5, SD 0.61; range 3-5). This is an exciting early finding,
indicating that Caremap and other digital health tools may be
a viable way for health professionals to deliver information
quickly and efficiently to families of children with special health
care needs. In addition, the participants rated the app highly in
the perceived impact domain (out of 5: average 4.2, SD 1.10;
range 4.2-4.3, across domain questions). However, the SDs on
these questions were high (1.09-1.18), indicating some
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discrepancy among participants on the app’'s future care
coordination value. Given the aforementioned evidence of
Caremap’s tracking feature as a core advantage, this may
indicate that Caremap can better serve certain populations of
children with specia health care needs where tracking of
symptoms, medications, and goals is of particular importance
(eg, children with cystic fibrosis needing to track pulmonary
function and bowel movementsto tailor medical management).

Participantsrated the app highly in the engagement domain (out
of 5. average 4.1, SD 0.82; range 3.8-4.4, across domain
questions), particularly when asked whether Caremap is an
interesting app to use (functionality assessment survey, question
1, out of 5: average 4.4, SD 0.82; range 2-5). Although the
simulation was designed to last 30 minutes, it was affirming to
see that some participants actively used the app for simulation
for >40 minutes. However, these findings are based on a
time-limited experience of a simulation exercise and prone to
social desirability bias. Long-term app engagement, acommon
pitfall among digital health tools [33], could not be measured.
Thiswill need to be further evaluated with future studies.

Importantly, feedback from the users in our simulation study
elucidated key areas for development; for example, the app
received alow rating in the adapted PICS (Table 1) integrator
domain (out of 5: average 3.8, SD 1.01; range 1-5) for the ability
to help care teams keep the big picture in mind for care
decision-making, as well as low scores in the family impact
domain (out of 5: average score 3.9, SD 0.81; range 3.8-4.0)
regarding communicating with care team members on high-level
issues such as challenges at home for the family in caring for
their child. This could suggest that future versions of Caremap
need to place a family-written narrative that summarizes key
care goals and priorities for the child front and center for the
care provider to view. In addition, these low scores may be
related to concernsfrom participantsregarding Caremap’s ability
to integrate with existing care coordination tools such as
MyChart, limiting its use to engagement with care team
members. Thiswas compounded with expressed concernsfrom
participants regarding provider engagement, as evidenced by
comments such as “for full functionality, [parents] need buy in
fromthe care providers’ and “| hesitateit will be easy to contact
providers [because] when you call, email or use thisapp, it can
be difficult to get ahold of sometimes and listen and follow
through on concerns.” This highlightsthe need for further trials
with health providers using Caremap for care coordination to
understand thefacilitators and barriersto provider engagement,
a key component of digital health tools to improve care
coordination [19].

In addition, in the functionality assessment survey, participants
generally rated the app lessfavorably in functionality (questions
4 and 5) and aesthetics (questions 6 and 7). Particularly low
scores on questions 4 and 5 suggest that participants found it
difficult to navigate the app’s user interface (Ul). The
constructive comments by participants included a
recommendation for a Ul or UX enhancement; for example, a
participant expressed the desire for the ability to toggle visibility
between shared and unshared data. In addition, severa
participants commented about experiencing crashes and bugs
during the simulation. This feedback suggests that Ul and UX
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development are top of mind for participants, and further
development to ensure logical Ul and UX and minimal bugsis
needed before a full-scale launch. Prioritizing Ul and UX will
also be highly important moving forward because users are
more likely to engage with maobile health apps that match user
expectations in terms of app looks and functionality based on
popular industry-devel oped apps|[34]. Insightsfrom our in-depth
interview with the hospital liai son for Spani sh-speaking families
aso highlighted how multicultural and socioeconomic
accessibility needs to be a priority moving forward, including
building in languages other than English and compatibility with
non-iOS devices. This feedback isin line with current studies
that suggest that mobile apps are not usable for diverse
populations asthey are designed currently [35]. Thisemphasizes
the need to engage with amore diverse user population in future
app co-design and testing to generate broader insights on the
barriers to use for non—English-speaking families and families
with low-income status, as well as other diverse populations.

Strengthsand Limitations

This study has several strengths. First, our user-engaged
approach in partnership with Family Voices, anational advocacy
group for families of children with special health care needs,
allowed for cocreation of a comprehensive and representative
patient case for the simulation exercise and facilitated the
nationwide recruitment of participantswho had lived experience
ascaregiversfor children with special health care needs. Another
strength of this study was the use of validated measures to
evaluate the participant experience of care integration and
mobile app usability with questions adapted from the PICS and
UMARS, respectively, improving the app’s comparability with
other digital health tools. Finally, the use of adigital simulation
was a novel method for user engagement that facilitated
flexibility and efficiency in study recruitment during the
COVID-19 pandemic.

Several limitations of this study should also be considered. First,
therewasarisk of socia desirability biasinterms of participants
providing positive feedback because they may have perceived
ahigh degree of investment in devel oping this app by the study
team. To mitigate thisrisk, participants compl eted the simulation
exercise and survey from home without contact from the study
team or direct interaction with other study participantsto ensure
that the responses more likely reflected their own thoughts. In
addition, the simulation exercise did not include actual use and
testing of FHIR-enabled EHR integration, and issues
surrounding integration in real -world implementation coul d not
be elucidated. Furthermore, the Caremap app wasonly available
in English and required an active internet connection at home
for testing, which excluded the participation of non-English
speakers and individuals without personal devices or internet
connectivity. In addition, clinicians' perceptions of usability
were not included in this study, but gathering clinician
perspectives will be a key future direction for continued app
development. Finally, owing to the time-limited nature of the
simulation exercise, long-term user engagement and impact
have yet to be elucidated regarding Caremap as atool for care
coordination. However, this study was designed as a
proof-of-concept exercise to serve as a foundation for future
longitudinal studies that will further elucidate this aspect.
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Next Steps

Future studieswill need to be conducted to evaluate real-world
implementation using structured implementation (eg,
Consolidated Framework for Implementation Research) and
digital health adoption (eg, Technology Acceptance Model)
frameworks to understand the elements of patient and provider
engagement with Caremap for care coordination. Futuretesting
will need to include rea-world testing of FHIR-enabled
integration to validate end-to-end connectivity between Caremap
users and care providers. This will include conducting
prospectivetrialswith health providerswho serve children with
special health care needs to test the embedded clinician
dashboard. Prospective testing will also need to measure the
impacts of the Caremap platform on meaningful patient- and
family-centered outcomes and include diverse users reflective
of the population of families of children with special health care
needs. In 2021, the National Quality Forum, with the support
of the Centers for Medicare & Medicaid Services, convened a
multistakeholder group of patients, advocates, informaticians,
and multidisciplinary care providers and subsequently released
aset of recommendations on how EHRs can be used to facilitate
improved care communicationsand care coordination, including
(1) collecting and sharing standardized data, (2) optimizing
EHR usability for patients and caregivers (3) optimizing EHR
usability for clinicians, (4) developing novel EHR dataelements
to improve measurement, and (5) leveraging EHR data to fill
measurement gaps [19]. Future studies will need to elucidate
thewaysin which Caremap can be devel oped to best align with
these recommendations [19].
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This proof-of-concept simulation study has aso helped to
uncover specific areasfor future investigation. Future work will
need to include the exploration of improvements to the in-app
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subpopulations. As provider engagement will also be key to
care coordination through Caremap, future studies will need to
include health providers to uncover barriers and facilitators to
their app engagement and use.

Conclusions

In this paper, we describe the use of simulation to gather
end-user feedback on the usability and functionality of Caremap,
a novel mobile app designed by families, clinicians, and
technology experts to improve care coordination for children
with specia health care needs. In this simulation exercise, a
national sample of caregivers of children with special health
care needs rated a novel FHIR-enabled mobile app highly asa
usabletoal for care coordination with strong potential toimprove
integrated care across sectors. This user-centered approach
offered important insights into usability and proof-of-concept
testing before the real-world implementation of the mobile app.
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Detailed description of the Caremap mabile app.
[PDF File (Adobe PDF File), 550 KB-Multimedia Appendix 1]
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Multimedia Appendix 2

Caremap simulation experience.
[PDE File (Adobe PDF File), 390 KB-Multimedia Appendix 2]

Multimedia Appendix 3

Adapted Pediatric Integrated Care Survey (PICS) and user version of the Mobile Application Rating Scale (UMARS) questionnaire
(Caremap simulation feedback survey).
[PDF File (Adobe PDF File), 209 KB-Multimedia Appendix 3]
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