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Abstract:

As part of a larger project to co-design and create a mHealth tool to support caregivers of children with cancer, we
performed a pilot, qualitative study. For this portion of the project, we engaged with caregivers of children with
cancer to co-create and refine a low-fidelity prototype of the Children’s Oncology Planning for Emergencies mHealth
tool. Testing was accomplished through recorded semi-structured interviews with each caregiver as they interacted
with a low-fidelity wireframe using Adobe Xd. Through the engagement of our key stakeholders, we were able to refine
the COPE tool to provide the key elements they desired including pertinent patient medical information, checklist for
planning when seeking urgent care, and coordination of care with the medical team and other caregivers.

Introduction

Children with cancer and their caregivers encounter many barriers to optimal care when preparing for and then seeking
care in the emergency department (ED). In our extensive clinical experience, we have seen these barriers first-hand.
First, most newly-diagnosed children were previously healthy and unlikely to have experienced serious medical issues
previously. Consequently, caregivers may be unfamiliar with navigating the healthcare system, especially in an urgent
situation. Secondly, caregivers may not know or be able to accurately relay their child’s current therapies, making it
difficult for them to provide this information to emergency care providers... Third, and perhaps most important,
caregivers may not fully recognize how serious seemingly minor complications can be when they occur among
children with cancer. For example, a fever that would be managed at home for a healthy child may (for a child with
cancer) be a sign of a serious bacterial infection that needs medical evaluation and treatment urgently.ss

To address these issues, we are developing a mobile health (mHealth) tool for caregivers of children with cancer: the
Children’s Oncology Planning for Emergencies (COPE) tool. Research has shown the potential for caregiver-focused
mHealth tools to enable caregivers to become more efficient, effective, safer, and less stressed while managing their
child’s care.s However, there are few such mHealth tools in use. Some supportive tools such as patient portalss or care
management plans have successfully allowed caregiver access to patient informationss, but they were not designed to
assist with the emergency planning experience for children with cancer and their caregivers.

In this paper, we describe the human-centered development and evaluation of an early-stage prototype of the COPE
tool in collaboration with caregivers and healthcare professionals. We present the stakeholder-engaged design process,
and the current prototype. We then present specific findings from two rounds of rapid prototyping interviews. This
paper contributes key insight and understanding into both the processes taken by caregivers when preparing to seek
care in the ED for their child with cancer and the aspects they desire within a mHealth tool to assist in this journey.

Related Work

Children with cancer require evaluation and management in the ED for a variety of reasons and often have extensive
utilization.s1o There is currently little medical literature that focuses on the full experience of children with cancer who
encounter medical emergencies in the community setting. The National Cancer Institute (NCI) and the National
Institutes of Health (NIH) Office of Emergency Care Research have recently recognized that this information is
lacking..: Unexpected medical emergencies can be stressful and even traumatic for patients and their caregivers;
therefore, this aspect of care is an important area to explore.izis

Human-Centered Design and Healthcare Technologies

In the past, the development of a tool such as COPE would have been designed with minimal patient or caregiver
input. However, federal funding agencies such as the NIH and PCORI have recently begun to recognize that this
traditional research approach featuring minimal end-user involvement has failed to result in research that is highly
relevant to actual health decisions faced by users and has led to many interventions and tools not achieving outcomes
desired by patients... Consequently, these organizations have urged the inclusion of the patient perspective in all
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aspects of the research process. This study incorporates human centered design methods:sisiz with traditional
qualitative research methods. Human-centered design uses various techniques to communicate, interact, empathize
with, and stimulate the people involved. Its techniques allow research teams, which includes experts in design
thinking, to obtain an understanding of people’s needs, desires, and experiences in ways that often transcend what
people themselves actually realize.is 1o

User-centered design methods are not new,. however its application in healthcare is recent with early applications
primarily seen in medical engineering, health information management, and safety-oriented analyses.. This approach
is beginning to expand into more traditional areas of health research. Unlike traditional qualitative or quantitative
research, user-centered design approaches allow stakeholders, especially patients and caregivers, to participate in
multiple aspects of the research process (i.e., research design, planning, and implementation) in new and innovative
ways. Design techniques such as rapid-prototyping,zs2« which was used in this study, was able to elicit reactions to the
prototype and provide feedback related to content, look and feel, and user interface.

Caregiver-focused Technology Research

Scholars in Health Informatics and Human-Computer Interaction have devoted increased attention to caregivers as
users of health technology, but this research has yet to translate to pediatric cancer applications (apps). Researchers in
Human-Computer Interaction have demonstrated the unique needs and priorities for cancer caregivers as they balance
parenting and caregiving dutieszszs and provided design implications for adolescents and parents to coordinate cancer
care..s However, these findings have yet to be implemented in apps for cancer. A review of the literature found that
most caregiver-focused technology interventions are developed for caregivers of adults with cancer rather than
children, ignoring the unique needs of this population. A recent meta-analysis indicated that although these
interventions had small to medium effects, they significantly reduced burden, improved the ability to cope, increased
self-efficacy, and improved aspects of caregivers’ quality of life. Yet, several recent reviews highlighted a lack of
interventions to provide practical skills for the day-to-day provision of care..a One app we found was developed to
support caregivers of children with acute lymphoblastic leukemia in China, but is limited to Android users in the
Chinese population as well as a specific type of cancer.:: Another app also provided supportive care for caregivers of
children with cancer, but is specific to the resources available in Australia.» Future research is needed to support the
development of caregiver-focused technology in pediatric oncology that can assist a broader population of caregivers
with provision of care.

Prior Work: Feasibility and Acceptability of Mobile Apps for Caregivers of Children with Cancer

Prior to the start of this current study, we had performed a survey to understand better mobile technology usage,
barriers, and desired mHealth tools by caregivers of children with cancer.s In this mailed, cross-sectional survey, we
found that the vast majority (99%) of respondents owned a smart phone and 37% reported no barriers to mobile
technology use. We determined that the majority of caregivers (85%) desired a mHealth tool that would support them
in the medical management of their child with cancer. Therefore, this suggests that caregivers of children with cancer
would be receptive to and able to use a mobile app with minimal barriers.

Methods

Study Design

This is a pilot, qualitative research study that consisted of developing a prototype of a mHealth app using input from
a variety of key stakeholders. In the first phase of this project, we engaged with caregivers of children with cancer and
healthcare professionals involved in the management and triaging of children with cancer experiencing medical
emergencies.

In the second phase, we performed two rounds of rapid prototyping interviews with the intended end user (i.e. the
caregiver) using a semi-structured qualitative interview. The interviewer asked caregivers to freely explore the
prototype and try to speak their thoughts aloud and ask questions. As caregivers commented, the interviewer would
follow-up to probe deeper into the comment or to get clarification. The interviews were audio recorded and the screen
was recorded so that during analysis, the reviewer could refer to which screen was being referenced by the participant.
Between rounds, the prototype was refined based on caregiver feedback. The IU Institutional Review Board and U
Simon Cancer Center Scientific Review Committee reviewed and approved this study.
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Study Population/ldentification of Cases ] ]
Participants were caregivers of a child with cancer between the ~ Table 1. Demographics of Caregiver
ages of 11-21 with the following eligibility criteria: (1)  Participant’s Child with Cancer

participants had adequate English-language proficiency with

grossly normal cognitive function, (2) the child was currently Caregiver’s Child
receiving cancer therapy at Riley Hospital for Children, and (3) with Cancer N=12
the child had visited an ED within the last year while on N (%)
treatment for their cancer (i.e., not initial diagnosis visit). Those | Age (years)

patients whose therapy was predominantly inpatient (e.g., Median 6

Acute Myelogenous Leukemia or those undergoing Stem Cell Range 1-20
Transplant) and those who were receiving hospice-directed care Sex

were excluded since the goals of care in the ED setting are Male 7(58.3)
different than those of therapies with curative intent. Female 5(41.7)
Demographics and eligibility of the caregiver’s child with Race/Ethnicity

cancer were obtained from the Clinical Trials Office and the White, Non-Hispanic 12(100)
medical record. We recruited participants through flyers posted Black, Non-Hispanic 0(0)
throughout the inpatient and outpatient clinic. When this did not Hispanic 0(0)

yield adequate number of participants, we contacted potential

participants based on the clinical list of patients diagnosed with ;ype of Cancer -

. X . o : cute Lymphoblastic 7(58.3)
cancer at Riley Hospital for Children which is compiled and Leukemia
maintained by our Clinical Trials Office. Potential participants Central Nervous Svstem 18.3)
were contacted by phone to assess interest in recruitment. We - y .
then scheduled the in-person interviews, which were conducted ~ |->011d Tumor 3(25.0)
either in the inpatient setting o in the outpatient clinic at Riley ~ |-10dgkin Lymphoma 0(0)
Hospital for Children. If the child had multiple primary Non-Hodgkin 1(8.3)
caregivers, then we allowed for more than one primary Lymphoma i
caregiver to participate in a joint interview. Time since diagnosis (months)

Median 10

Participants Range 2-34
In round one, a total of 10 caregivers in eight interviews were Distance from treating institution
interviewed. In round two, five caregivers in four interviews Less than 1 hour 2(16.7)
were interviewed. In total, 15 caregivers of 12 children with 1 hour or more 10(83.3)

cancer participated in the study. Interviews lasted about 30

minutes on average. Demographics of caregivers was not collected, but demographics of their child with cancer are
presented in Table 1. The median age was 6 years with a range of 1-20 years. The majority was male (58.3%), white
non-Hispanic (100%), diagnosed with Acute Lymphoblastic Leukemia (ALL) (58.3%), and lived more than 1 hour
away from their treating institution (83.3%). The median monthly time since diagnosis was 10 months (range: 2-34
months).

Analyses

Each interview was reviewed and transcribed with a mix of paraphrasing and direct quotess to capture content from
the audio. These transcriptions were then analyzed using NVivo 12 by a team member trained in human-centered
design and qualitative analysis and who created the prototype app. Data from the transcriptions was grouped by
similarity, allowing themes to emerge freely from the datass; no coding structure was imposed initially. In this way,
overarching themes could emerge that would suggest wholistic edits across the app. Data that related to specific app
sections was also coded in themes by section and then by Function and Content to allow for easy translation into more
granular app edits. This same approach was taken for both rounds of interviews.

The COPE Tool

As part of a larger project investigating technology opportunities for pediatric cancer caregivers, we designed the
Children’s Oncology Planning for Emergencies (COPE) tool. The version evaluated in this study is minimally
interactive low-fidelity prototype of a proposed mHealth smartphone app, utilizing Adobe Xd.

The COPE prototype has six main components. The first component is medical history, a place where caregivers could

input details of their child’s medical information that could be needed in an emergency situation. The second
component is symptom checking, a place where common symptoms such as fever and pain could be documented and
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advice given based on the inputted information. Users can also contact their medical team; make an emergency plan
that includes automated features such as texts/emails and a packing list; find a nearby emergency department; and
access resources such as sanitation and port access videos. The final version of the prototype includes a section for
caregiver to take notes.

----- 2 8:08 PM 100% _— sssee T 8:08 PM 100% —— sseee T 8:08 PM 100% —
Medical History [# My Notes Q@O
C O I E Patient Name: Jane 4819 42019
Children’s Oncology Date of birth 1 s 1

Planning for Emergencies
Diagnosis Acute

Diagnosis date

Check Contact Find an
symptoms your team emre;grenncy Therany stage
Medications: mercaptopurine 5.1.19
Sk
e?;gra;ee:gy au?«::;‘l’ed mtii?gal Last ANC
plan e Port needle size: 2

Medical contact
12-hr symptom
LOG IN history

Riley Children’s Health
t

o
S f

Figure 1. Images of the final Children’s Oncology Planning for Emergencies app

We developed the COPE prototype using a human-centered design process, iteratively gathering input from caregivers
of children with cancer and healthcare providers. Prior to the current project, we sought to assess how caregivers
prepare for and manage a medical emergency that arises in the community setting by performing a qualitative
evaluation of ED visit preparations taken by children with cancer and their caregivers using self-reported interactive
toolkits. Eligible participants included children with cancer (age 11 — 21) currently receiving therapy for a cancer
diagnosis with an ED visit (besides initial diagnosis) within the previous 2 months and their caregivers. Participants
received a paper toolkit, which was structured as experience maps with several generative activities. Toolkits were
transcribed, thematically coded, and iteratively analyzed using NVivo 12.0 software. A total of 25 toolkits were
received (7 children, 18 caregivers), with about three-quarters of participants living greater than 1 hour from the
treating institution. Themes included struggles with decision-making regarding when and where to seek ED care,
preparing to go to the ED, waiting during the ED visit, repetition of information to multiple providers, accessing of
ports, and provider-to-provider and provider-to-caregiver/patient communication. The goal of this study was to inform
the tool to support this population in planning for and managing emergent medical issues as well as improving patient
and caregiver satisfaction, patient centered outcomes, and clinical outcomes. This data was the basis of the initial

prototype.

We utilized the information and ideas generated from the toolkits as the basis for a design research session that was
conducted with healthcare providers to provide further input on the design of the tool. All of this information was then
compiled and utilized to create the COPE tool with the goal of improving the patient and caregiver experience, patient
centered outcomes, and clinical outcomes for children with cancer and their caregivers when seeking care in the ED
for urgent medical needs. We hypothesize that prototyping this tool among caregivers will provide insightful feedback
that would aid in the development and refinement of a mHealth tool that is best suited for their unique needs.

We tested the COPE prototype in two rounds. Adjustments for round two of the prototype incorporated feasible
suggestions by caregivers as well as further refinements that we tested among a smaller segment of caregivers in round
two. Key changes included: adding their treating institution’s logo, a log-in screen, additional symptoms to the
symptom tracking page, additional content to the medical history page, image upload feature to the medical history
page, medication descriptions to the medical history page, and a ‘my notes’ section. We had initially included an
‘entertainment’ section and a red color theme to match the hospital’s branding, but removed both based on feedback.

Results
Our findings suggest that caregivers are enthusiastic about the prospect of a mHealth tool such as COPE to support
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them when their child has a medical emergency, and that such tools can help caregivers feel calm and reassured while
keeping them informed and connected. As one caregiver commented, “As a parent I would love to see this happen. It
would make decision-making a lot easier.” Our collaboration with caregiver stakeholders also revealed that caregivers
of a child with cancer engage in a series of complex processes when a medical emergency arises in the community
setting and they prepare to seek care in the ED. Our results show three key ways that mHealth tools such as COPE
can support caregivers: access to a thorough patient medical history, ED-specific planning support, and
communication with the medical team and their family support structure.

Emotional Response to Using the App: Calm and Reassurance

When asked about how caregivers wanted an app that supports planning for emergencies to make them feel, the most
common responses were calming or reassurance: “Calm comes to my mind. This would just be another thing to calm
you and ease your mind. If you looked up a side effect, and went, ‘Oh okay vomiting is a common side effect.” While
you still may let your doctor know, it can kind of ease your mind.” Technologies that act as backup notetakers can be
especially valuable during an emergency, when caregivers have a lot of competing demands on their attention:
“Calming, organization, knowing you have everything. Don’t have to think about ‘am I missing anything?’ I'm not as
organized so if you have everything written down...” “Sense of security. Having the information you need just in case
you forget. Or if you can’t think of it off the top of your head.”

Patient Medical Information Requirements: As Detailed as Possible

One way in which COPE provides reassurance is through access to a detailed patient medical history, which can be
easily forgotten or lost in an emergency. Caregivers appreciated this feature, suggesting many additional types of
information an app like COPE could provide. These suggestions included factors related to the patient such as: patient
past medical history, appropriate port needle size, patient blood type, date of diagnosis, chemotherapy treatment
timeline, laboratory data (specifically the absolute neutrophil count trends), medication allergies, vaccination history,
and the ability to upload images of radiographic findings or other medical documents.

In regards to the patients’ medications, caregivers desired to have these listed on the patient information page and also
wanted there to be more information available regarding what the function of the medication is for and any potential
medication side effects. Caregivers expressed that having these listed would improve their ability to relay them to the
medical teams since they find it difficult to recall all of the names of the medications their child is receiving. One
caregiver described her child’s “bucket of medications.” In addition, the names of the medications can be difficult to
memorize and pronounce properly. The medication list avoids this problem, as one caregiver described: “My wife’s
really good at knowing all the medical terms. I'm not as good at that. Especially medications that | have a hard time
pronouncing. Better to show them than play guessing games”. Caregivers also suggested a feature in the medical
history page that would provide descriptions of medications to help caregivers remember which medication is for
which purpose. “Medications definitely because I can’t pronounce anything. Would they come with maybe where you
could click on it and get a small description of them too? Because that would also be nice...What'’s that one do? Even
just a brief little, ‘This one is for nausea or aches and pains.” Medication tracking was a popular suggestion for
helping to decrease caregiver burden. Caregivers wanted a place to track when medications were given and get
reminders of the next doses. Some children are on multiple medications that can be difficult to keep track of. One
caregiver suggested: “One thing you could do is have a medication list and it has a timer that lets you know it’s time
[for meds].”

Consolidated Information Retrieval and Planning: All in One Place

When children with cancer develop a medical emergency in the community setting, there are a series of
communications that occur with the medical team in preparation to seek care and when they arrive at the ED. This
information work begins before caregivers even know which ED to contact. While preparing for travel to the ED, we
created a maps page that would show their local ED. Caregivers suggested that additional details about the specific
ED would be helpful including if the hospital had pre-arrival check-in capabilities, whether or not the hospital staff
has experience with port access, the size of the hospital and what its trauma level designation is, what health system
the hospital belongs to and whether the family’s insurance is accepted, whether or not the hospital has an oncology
department, whether or not the hospital has a pediatric care specialist, and reviews from other families.

After arrival at the ED, the COPE tool was seen by caregivers as a way to decrease the burden of retrieving all

necessary information. Caregivers mentioned how the app would make things easier for them by decreasing what they
had to remember, keep track of, and decide. One caregiver, when asked if there were any other resources she thought
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would be helpful said, “Anything that’s less thinking.” Caregivers reported that it was a burden to try to find
documents from previous clinical visits. Several expressed difficulty keeping track of their personal identification and
medical insurance cards. Multiple caregivers described digging through purses or binders for paperwork and
information and some suggested that the app could help with this burden by keeping everything in one place: “I'm
forever digging around in my purse for the cards.” “As part of that admission process, you’ve got all this-your kid is
sick and you 're digging through your bag trying to find all the things they need. If you could just say, ‘here it is.” Just
so it’s all right there.”

Care Coordination With the Oncology Team

In addition to coordinating with the medical team at the ED, caregivers of children with cancer must also loop in their
oncology team. Caregivers envisioned that the app might help them get in contact with their treating institution faster
during an emergency. They mentioned that they must use various phone numbers given to them by their children’s’
oncology teams; specifically the on-call numbers were frequently used and very valuable to them. They discussed
having been given a different number for regular business hours and a number for nights and weekends: “At least two
main numbers. We have a number to get ahold of someone and the after hour’s number. Sometimes you forget which
you programmed [your phone] to.” Many caregivers wanted the app to automatically call the correct number based
on the time of day or day of the week: “That is nice! I like that a lot! Because when you are worried, upset, you're
thinking ‘who do I need to call’ and going through your contacts. Just having that would be super good. I like that!”
Upon calling the number for regular business hours during a night or weekend, they are typically sent through an
operator who contacts the on-call provider. Once the on-call providers reaches the operator, the operator then calls
back the caregiver and connects the caregiver to the on-call provider. This was frustrating to some caregivers who
wished they could get help faster: “Right now you have to call someone and they have to call you back. Is it better to
call someone on the phone versus thinking you know what you're doing on an app? If he’s cramping for two hours
and it’s getting worse, what do 1 do?” A few caregivers suggested other ways to contact their treating institution such
as via text or video chat.

Caregivers believed the app might help with care coordination between their ED and Oncology medical teams. Many
reported that their treating institution usually called their local ED to coordinate care. There were some, however, who
had not had success in this area: “Home ED told us it wasn’t a perfect world and they didn’t have to talk to [our
treating institution].” This care coordination was very important to caregivers. One caregiver suggested: “I would
change being able to text somebody [at our treating institution]... ‘Hey can you please call [the local ED] and let them
know they’re not supposed to do anything with him other than get him stable until [our treating institution] is in
contact with them.” Specifically, caregivers hoped that the Resources Section, especially the ‘Letter from the
Oncologist’ (as long as it was kept up-to-date), would help coordinate care between the treating institution and a local
ED. The letter included recommendations for patient evaluation and treatment along with contact information for the
treating institution oncology team. “I really like the letter because if you have to go to a different hospital. I can kind
of remember the medical language, but having that would be super helpful.” There was an education video about how
to access a port-a-cath that caregivers thought might help local ED staff who are less familiar with port access: “We 've
been concerned if we would ever have to have her accessed at a different hospital. | could see our local hospital
pulling out a big manual and going step by step. You don’t have a lot of confidence when they do that.” Caregivers
wondered, however, how they might approach medical staff about watching the video: “I would hope nurses would
be open to reviewing it before accessing it.”

Other Requests: Multiple Caregivers, Note Taking, Symptom Tracking

Inclusion of Other Caregiver Members: Caregivers expressed that it was important for multiple caregivers to be
able to manage the child’s account on the app. This would allow for any of the potential caregivers to have access to
the information and planning for when a medical emergency arises while they care for the child with cancer.

Incorporation of Note Taking: Multiple caregivers suggested the app could include a note-taking capability so
caregivers could capture their own notes in the same place as the rest of their child’s information. Caregivers felt that
this note-taking feature would allow them to adapt the app to fit their existing practices. As one parent put it: “We all
have our own ways of doing things. Mine is writing it all down in a journal. You know just, the trip, how he did. Any
hiccups we come across. | do it [in a physical journal].” Caregivers’ note-taking goals varied. Some were focused
on the immediate use. For example, one caregiver wanted to take notes of what her child’s oncologist said to review
later: “Somewhere to just write down pinpoints of what your doctor says or add a recorder in there to go back and
listen to what they 've said.” Other caregivers wanted to take notes for posterity. As one caregiver put it: “I have all
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this information here that one day he’s going to come back and ask me about. Right now he’s still just processing

i%)

cancer.

Future Ability to Track Symptoms: Our initial intent with the COPE tool was to only focus on preparing for when
a medical emergency arose, but many caregivers pointed out that in the event of an emergency they need to describe
the symptoms the child is experiencing. Therefore, they recommended the inclusion of the ability to track the patient’s
symptoms. One specific request was the be able to track pain. In addition, many caregivers talked about the specific
symptoms they were asked to monitor for their child’s cancer type. As one caregiver mentioned: “We had mouth
sores, facial swelling, toe infection concerns.” Caregivers were interested in the ability to have additional symptoms
included on the symptom tracking page based on the child’s diagnosis.

App Security Concerns

Caregivers were asked about how to ensure their trust in the app. They suggested that their treating institution’s
branding and a login feature would help them feel safe using it. Many relayed that if it were recommended to them by
their child’s oncologist, or if it came from their treating institution, they would trust the app: “Like if it said it was
from [our treating institution]. Anything they 've given us that says it’s trusted. Just like the phone system. Maybe [our
treating institution’s] logo.” “I trust in you guys I guess. [This is] where all of our faith is right now.” In addition,
many suggested that a log-in process might help protect the data on the app: “Something you read in the beginning
when you first open it have some text about how your info is protected. Maybe a lock thing you have to login to get
into the app.”

Discussion and Implications

Caregivers of children with cancer were optimistic that a mHealth tool could support them when a medical emergency
arises in the community setting. The prototyping process outlined in this paper demonstrated continued refinements
to the tool that aligned with the complex needs experienced by caregivers as they proceed through the typical steps to
determine their child needs urgent evaluation, contact the oncology team, prepare and pack for an ED visit, and initiate
the evaluation process upon arrival to the ED. We believe that involvement of caregiver stakeholders in the co-design
process is imperative for success in future research utilization of a mHealth tool to support caregivers of children with
cancer.

Our original prototype had included information gathered from caregivers and children with cancer via a qualitative,
user-centered design toolkit that walked them through the process of experiencing an emergency through completing
an ED encounter. We appreciated that through this prototyping process outlined in this paper, we were able to gather
and incorporate practical recommendations after the caregivers were able to “work with” the low-fidelity app
prototype. We believe that by viewing the prototype, caregivers were better able to consider the steps in the process
of preparing for an emergency more concretely. This open the conversation to include more practical application use
by the caregivers. Thus, this led to improvements in the both the necessary information that should be contained within
the app, but also the function of the features desired by caregivers.

Our original focus had been only on the preparations for seeking emergency care, but caregiver’s insight and expertise
revealed a larger base of need including the inclusion of medications and a capacity to track their child’s symptoms.
When assessing the practical needs of actually engaging with the oncologist over the phone and discussing the medical
situation that led to an ED visit, caregivers appropriately identified two areas that a mHealth tool could further support.
The addition of the medication list, function of the medications, and possible side effects would be key for keeping
track of any recent changes which could impact clinical complications. Similarly, many of the chemotherapy
medications cause a wide range of side effects and therefore the incorporation of symptom tracking could potentially
improve communication with the medical teams when seeking care in the ED. Future research focus should be placed
on these components in order to design an optimal platform for managing medications and tracking symptoms.

Important insight was gathered from caregivers about their ability to trust an app that would include personal health
information for their child within it. It was clear from their responses that they have a strong trust within their
healthcare system and for the medical providers whom they interact with. We hope that the inclusion of the hospital
logo and utilization of the affiliated academic institution color schema will provide necessary reassurance of trust from
the caregivers. It will also be imperative for the entire oncology provider team to be aware of the security features of
the app in order to ensure their encouragement of caregivers to utilize the app. If both the caregivers and oncologists
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trust the security and integrity of the app, this could improve utilization of the app and its incorporation into clinical
care.

Our team is moving forward with the continued co-design, refinement, and testing of a mHealth tool to support
caregivers in the overall medical management of their child with cancer. The key features and elements of the planning
for emergency tool will be incorporated into this more comprehensive app. The decision to focus on medical
management stemmed from our previously mentioned survey where the caregivers expressed that the most desired
were medical knowledge, medication reminders, and symptom trackings. Our experience of engaging with caregivers
in the project outlined in this paper was instrumental in envisioning the scope of the broader mHealth tool. Their
experience and concerns they wanted addressed aided in the ability to create a defined scope surrounding the focus of
addressing supportive care for children with cancer through organized medication lists with reminders, specific
medical information directly related to symptoms, and monitoring symptoms experienced by patients. It is our hope
to continue to find innovative methods to include caregivers in the co-design and creation of this future app and
evaluate the impact on specific patient and caregiver outcomes. In order to create the optimal tool for this population,
our future endeavors will strive to include a diverse set of caregivers that are representative of the heterogeneity of
our population of children with cancer.

Limitations

Our results highlight additional opportunities to support caregivers in the care of their child with cancer. However, we
acknowledge some limitations. First, we had a small sample size of caregivers and healthcare providers, our results
may not reflect all the viewpoints of caregivers and healthcare providers at Riley Hospital for Children. Second, our
participants represent a homogenous population concerning race/ethnicity. Although our participants were from
diverse locations in the state of Indiana, our results may not be generalizable to other institutions or geographic areas.
We did not capture demographic data specific to the caregivers, thus missing the opportunity to ensure diversity in
our sample. Future work should aim to explore these results among a larger and more diverse population.

Conclusion

The COPE tool was designed as part of a larger project that investigated technology opportunities for caregivers of
children with cancer. The portion of the project evaluated in this study is a minimally interactive low-fidelity prototype
of a proposed mHealth smartphone app utilizing Adobe Xd. An important next step is to continue to refine the app
through engagement via alpha testing with both caregivers and healthcare providers. Future work should focus on
evaluating the feasibility and efficacy of the app, including measuring its impact on both caregiver and patient health
outcomes. We intend for this preliminary work to set the stage for a high-fidelity prototype that will be used in a real-
world setting.
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funded by 1U Health Values Fund for Research grant and the Jeff Gordon Foundation (research assistant support).
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