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Abstract

Purpose Symptom tracking systems are essential for identifying symptoms in patients, prompting timely clinical interven-
tion to reduce suffering and improve outcomes for children with cancer. Electronic patient-reported outcome tools have been
designed to assess the presence and severity of symptoms and notify clinicians of the patient’s condition, facilitating quick
and effective symptom management. Utilizing co-design methods allows end user input in the tool development process.
This manuscript describes how we used a co-design process to develop an electronic system for tracking the symptoms of
children with cancer and their caregivers.

Methods Collaborative co-design sessions were conducted using a Future Workshop format. Participants were six children
with cancer and seven caregivers. Co-design activities were used to gather insights into current symptom reporting practices
and to envision an ideal system. Data from these sessions were analyzed using Braun and Clark’s method for descriptive
thematic analysis.

Results Key themes identified during data analysis included the importance of relationships and interactions with the health
care team, miscommunication in symptom reporting, and the need for centralized information storage and timely clinician
response. Children in particular indicated challenges with finding the words to share how they are feeling, while caregivers
expressed constant worry and the burden of advocating on their child’s behalf.

Conclusions Co-design is a powerful method for envisioning solutions to clinical problems. By involving end users in key
stages of the creative process, it is possible to develop solutions that better address underlying challenges and are more entic-
ing for users to adopt. In this study, we successfully used co-design to identify key features for an electronic system intended
to improve symptom tracking, facilitate communication with clinicians, and allow for better symptom management. Barriers
to consistent electronic system use were also identified, emphasizing the need for simplicity in system design, an engaging
interface, and a clear benefit for users.
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Introduction

Direct patient report is considered the gold standard for assess-
ing subjective symptoms. Systematic use and documenta-
tion of patient report provides data that is easily tracked and
analyzed [1, 2]. Emerging evidence indicates that collect-
ing patient-reported data can improve quality of life in adult
patients with cancer [3]. Additionally, patient-reported data can
prevent inaccuracies in symptoms recorded in the electronic
health record (EHR) [1, 4-6]. In pediatric oncology, patient-
report involves both child self-reporting (primary method) and
separate proxy-reporting by parents or caregivers (secondary
method) for children unable to self-report (i.e., due to devel-
opmental level). There are currently a wide variety of patient-
reported outcome measures available that allow children with
cancer and/or their caregivers to directly report symptoms
to clinicians, including tools that evaluate specific concerns
such as depression (Beck Depression Inventory), quality of life
(PedsQL), or cancer-specific measures such as the Symptom
Screening in Pediatrics Tool (SSPedi) [7-9]. While these tools
are increasingly used in research, they have not been widely
integrated into pediatric oncology clinical practice [10, 11].

Electronic patient-reported outcome (ePRO) systems
facilitate the collection of data from patients and their car-
egivers. These systems allow children and parents or car-
egivers to report symptoms using tablets, computers, and/
or smartphones in a variety of settings. They negate the
need for transcribing information, allow data to be securely
stored and integrated into EHRs, and can produce reports
highlighting trends in symptoms over time as well as trends
in symptoms of children with similar characteristics (e.g.
children receiving the same treatment or sharing the same
diagnosis) [12, 13]. However, the benefits of ePRO systems
and self or proxy symptom assessments are only realized
when they are successfully implemented and routinely used
by patients, families, and clinicians [12, 13]. Barriers to the
implementation of electronic systems for self/proxy symp-
tom assessments include poor system usability (i.e., systems
that are difficult to use, confusing, or do not seem useful),
difficulty timing completion with clinical processes, patient/
family discomfort with the system, and lack of system use
by patients/families [14—16]. Barriers can also occur at the
institutional level, including regulatory or data security con-
cerns, the need for ongoing technical support, the cost of
hiring additional staff or training existing staff, and the cost
of new electronic equipment (as reviewed in [17]).

Co-design

There are gaps in understanding the experiences of chil-
dren with cancer and their caregivers regarding symptom
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reporting. In addition to examining the strengths and
weaknesses of current methods, there is a need to explore
the ideal process for reporting symptoms during treatment
and how that system would function. By employing a par-
ticipatory approach to the design of technologies, often
referred to as user-centered design, participatory design,
or co-design, end users of technologies are able to develop
their own interfaces [18]. While end users sometimes par-
ticipate as full collaborators (such as in Community-Based
Participatory Research [19]), most co-design approaches
involve users as informants by conducting co-design inter-
views, workshops, and feedback sessions throughout the
design and development process. By collaborating closely
with end users, designers can identify potential barriers,
customize solutions, and ensure greater ecological valid-
ity of designs before they are deployed as fully-functional
products [20, 21]. Whereas individual usability tests or
focus groups ask for feedback on existing applications or
prototypes, co-design methods involve users in the crea-
tion of new, speculative designs. Depending on the length
of the co-design sessions, designs can take the form of
anything from paper prototypes to semi-functional elec-
tronic systems. Co-design has been particularly influential
in the development of interactive technologies for children,
whose values and priorities might otherwise be ignored or
misinterpreted [22]. In the area of child-computer inter-
action, a recent analysis found that in the last 20 years,
over 60% of research papers at a prominent publication
venue involved children as informants or design partners,
with the remaining studies engaging children as testers
throughout development [23]. Co-design techniques have
been successfully used in medical settings, with research
publications using the method dating back at least 20 years
[24]. Participatory and co-design approaches have also
been integrated in other pediatric contexts, such as posi-
tive psychology interventions, inpatient interfaces for chil-
dren and their family caregivers [25], and patient-centered
oncology care [26, 27].

The purpose of this manuscript is to describe how we
used co-design in partnership with children with cancer
and their caregivers to develop an ePRO system for track-
ing symptoms. Findings from these co-design sessions will
guide larger studies in the future to validate results and fur-
ther improve the system.

Methods

Outside of clinic visits, children/caregivers at Riley Hospital
for Children at Indiana University Health currently com-
municate with their health care team through a patient por-
tal that functions like a basic email system, allowing asyn-
chronous back-and-forth messaging. This co-design study
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gathered perspectives from children with cancer and their
caregivers on creating a novel electronic system for symp-
tom reporting. Co-design sessions focused on developing an
ideal system for self or proxy symptom assessment.

Session transcripts were analyzed using Braun and
Clark’s method for descriptive thematic analysis. Caregiv-
ers included parents, family members, or other adults pro-
viding regular care to the child with cancer. Indiana Uni-
versity Institutional Research Board approval was obtained
prior to screening and enrolling participants.

Sample

Purposive sampling was used to recruit children who were
currently being treated through the pediatric oncology pro-
gram at Riley Hospital for Children. We approached children
and their caregivers at the clinic or inpatient to determine if
they were willing and able to provide feedback on the design
of a web-based interface. To be included in the study, chil-
dren had to be between the ages of 717 years, diagnosed
with cancer at least three months prior to recruitment, and
either actively receiving cancer treatment or completed treat-
ment within the past 18 months. Their caregivers had to be
at least 18 years of age, and all children and their caregivers
were required to be able to read and speak English. Children
and their caregivers were recruited together and participated
in the study at the same time.

Procedures

Following informed consent, caregivers completed a study-
specific demographic form and were scheduled to participate
in a single co-design session that involved the consenting
caregiver, child, and members of the research team. Ques-
tions on the demographic form covered: caregiver and child
age, gender, educational level, primary language, race, eth-
nicity, child’s cancer diagnosis, family configuration, and
household income.

Co-design sessions

Co-design sessions were scheduled during a routine treat-
ment visit or scheduled inpatient admission and were con-
ducted in the clinic or in a hospital room. Sessions were
audio-recorded, and photographs or scans were taken of all
notes and drawings developed by participants and research-
ers during the sessions. The semi-structured interview guide
used to direct the co-design sessions is presented in Table 1.
Experts in co-design and pediatric oncology reviewed the
interview guide prior to its use in this study. At the end of
the co-design session, each child and caregiver participant

received their own $75 gift card in recognition of their time
and effort.

In this study, it was crucial that both children and car-
egivers felt empowered, creative, and equal in the process.
Researchers employed Druin’s techniques with participants,
in order to strive for a neutral power structure: using first
names, wearing informal clothing, avoiding hand-raising,
and reimbursing both children and caregivers for their time
[28]. The interviewers who conducted the focus groups
included the principal investigator (SC), either a member
of the research team from the school of art and design (AG)
or an expert in informatics who specializes in interfaces for
children (AM), and another research team member with
training in qualitative interviewing. The principal inves-
tigator (SC) is a pediatric oncology nurse, while another
member of the research team (SR) has extensive experience
working with pediatric oncology patients and possesses
training in qualitative data collection and analysis.

Sessions began with an ice-breaking activity called “Silly
Scribble”. Everyone in the room (researchers, children, and
caregivers) was given a blank template and asked to draw a
big scribble on the page (Fig. 1). Then everyone passed their
scribble to the person on their right. The second person was
asked to turn the scribble into a monster. Finally, they passed
again to a third person who named the monster and made up
a story about it. Each step of this activity was intentional and
important to setting a collaborative and creative tone for the
session. The Silly Scribble established the following neces-
sary foundations for a co-design activity: (1) it is okay to
express ideas visually in any fidelity (drawing, in our case),
(2) it is okay to be silly and fantastical, (3) everyone can
develop an engaging a story, and (4) everyone’s creativity
is valid and equal.

With these foundations in place, we proceeded using a
Future Workshop format [28-30]. This format involves cri-
tiquing the past, dreaming about a better future, and imple-
menting something in the present that can help us move to
that ideal future state [29-31]. Co-design sessions initiated a
critique of the past through semi-structured discussion about
the children’s personal experiences, using an activity called
“Sharing Your Story”. The next activity, “The Good and
The Bad,” is where insights from the shared stories were
listed and characterized by children and caregivers as either
positive or negative aspects of managing and communicat-
ing symptoms (Fig. 2). This activity facilitated identifica-
tion of the most pressing problems that need addressing. We
then moved into the future state with the “Your Magic Idea”
activity, by asking children and caregivers to develop a fan-
tastical solution that they felt would solve all the identified
problems (Fig. 3). This activity empowered participants to
dream about an ideal solution without constraint, to visual-
ize the ideas, and to tell a story about how a new solution
could work.
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Table 1 Co-design session interview guide

Welcome (5 min)

el am from

o Thanks for coming today!

these are [other research team members]

e The goal of this project is to understand how to support kids and teens in keeping track of their symptoms and in communicating that informa-

tion to doctors and nurses
Icebreaker (10 min): Silly Scribble

e Draw a silly scribble, then pass to the person on your right (Starting with the child)

o Turn the scribble into a friendly monster, then pass to the person to your right

o Name the monster, and tell a silly story
Your story (10 min)

o Tell us what having cancer is like for you/your child.

e What would you (the child) say has been the hardest part? What do you (caregiver) think has been the hardest part for your child?

e What has been the best part?

o If <13 years old: What does the word “symptom” mean to you?
e What are the symptoms that you/your child experience?

e How do you currently track, manage, or share these symptoms?

Good and bad experiences (20 min)

e Now they are given the “Good and Bad Canvas” and a list of words which could potentially describe their feelings about sharing their symp-

toms (5 min)

o In the bad section place words that describe the bad parts about how you manage and share your/your child’s symptoms currently

o In the good section place words that describe the good parts about how you manage and share your/your child’s symptoms currently

e Tell us any incident or story related to the words that you have chosen

Your ideal experience (20 min)
e Tell us a story about how you want to track your symptoms
o Think about these questions:
a. How do you share your/your child’s symptoms?
b.  With whom do you share your/your child’s symptoms?
c. How can we make sharing your/your child’s symptoms easy?
e You can either draw or choose pictures from the ones given to you
a.  Describe the thing
b.  How do you use it
c. How does it make you feel?

Analysis

Data analysis was conducted by the study team using inductive
semantic thematic analysis per Braun and colleagues’ phases
of qualitative analysis [32]: becoming familiar with the data,
generating initial codes, searching for themes, reviewing
themes, defining and naming themes, and producing design
ideas. A professional transcriptionist transcribed the record-
ings of the co-design sessions. A study team member (SC, AG,
SR, RN, or AM) verified the transcripts for accuracy, made
corrections as needed, and de-identified the transcripts. Each
transcript was then reviewed and important themes were coded
individually using ATLAS.ti (https://atlasti.com). Study team
members also independently reviewed drawings and came to
a consensus regarding the important themes depicted. Field
notes collected during sessions were used during analysis to
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help provide context. The identified themes were discussed
during study team meetings until a final consensus was reached
and a codebook was created. During recruitment, data satu-
ration was discussed and the team determined that sufficient
saturation was reached at six participants for this pilot qualita-
tive work. Transcripts and results were not reviewed with the
participants in this study, as this was part of an iterative process
and future studies were planned that included refinement to the
system with user feedback.

Results

Recruitment occurred between November 2018 and April
2019 at a pediatric academic medical center in the Mid-
west United States. A total of 11 children and caregivers
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Your magic idea
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were approached, but four families were unavailable and
one declined participation. Ultimately, six school-aged
children and adolescents with cancer, along with seven
caregivers, consented to participate. Demographic infor-
mation for the recruited sample is provided in Table 2. Six
design sessions were conducted and averaged 53 min each
(range: 35-70 min). Analysis of the transcribed design
session recordings revealed several themes, which are
outlined in Table 3.

“Sharing Your Story”

Children and caregivers reported a range of symptoms
throughout treatment, varying in severity, from fatigue
and memory issues to joint pain, neuropathy, jaundice,
fever, and anemia. Along with physical symptoms, major
themes that emerged were feelings of worry, loss of con-
trol, and the impact of community support during treat-
ment. Caregivers highlighted feeling panic and hyperfo-
cus in response to even minor changes in their child’s
condition. Participants noted the profound loss of control
that cancer imposed, providing crucial context for under-
standing their experiences with symptom reporting.
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“The Good”: positive experiences of current
symptom reporting

Design sessions revealed several positive themes regarding their
current symptom reporting system, which is conducted through
an electronic medical record patient portal. These positive
themes included relationships with health care staff, personal
interactions, and the creation of a record of the experience. Chil-
dren and caregivers clearly valued their relationships with the
treatment team, noting the personal connection, consistency, and
connection that emerges during cancer treatment. With respect
to symptom reporting, caregivers discussed how the treatment
team’s familiarity with their children was helpful in recognizing
small signs of concern or unusual patterns during the treatment
process. Participants reported using journals and other written
notes to record their experiences. They described that they liked
having the ability to review that information for trends or for a
deeper understanding of their condition.

“The Bad”: negative experiences of current
symptom reporting

Participants highlighted several challenges with their cur-
rent symptom reporting system, including difficulties with
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Table 2 Characteristics of the sample

Item n (%)

Total annual household income (n=7 caregivers)

< US$40,000 0(0)
>US$40-US$59,999 0(0)
>US$60-US$99,999 5(71.4)
>US$100,000 1(14.3)

Preferred not to answer 1(14.3)
Parent’s highest level of education (n=7 caregivers)
Less than 12th grade 0(0)
High school graduate 0(0)
Some college or professional training 1(14.3)
College graduate 6(85.7)
Graduate or professional degree 0(0)
Parent’s gender (n="7 caregivers)
Female 6(85.7)
Male 1(14.3)
Parent’s race/ethnicity (n=7 caregivers)
Non-Hispanic white 7(100)
Parent’s primary language (n=7 caregivers)
English 7(100)
Parent’s number of other children (n=caregivers)
1 1(14.3)
2 5(71.4)
3 1(14.3)
Child’s gender (n=16)
Female 2(33.3)
Male 4(66.7)
Child’s race/ethnicity (n=06)
Non-Hispanic white 6(100)
Child’s primary language (n=6)
English 6(100)
Child’s current age (n="6)
11 2(33.3)
13 1(16.7)
14 1(16.7)
15 1(16.7)
16 1(16.7)
Child’s primary cancer (n=06)
AML relapse 1(16.7)
B-ALL 2(33.3)
Brain cancer 1(16.7)
Leukemia 1(16.7)
Osteosarcoma 1(16.7)

communication and concerns regarding how symptoms were
interpreted by the health care team. Some children discussed
barriers to reporting symptoms in outpatient settings, as
opposed to hospital settings, where the proximity of medical
staff made it easier to raise concerns. Although this study did
not specifically recruit patients with advanced cancer, some

children had cancer that was at a more advanced stage. Car-
egivers of these participants noted that the stage of cancer
could affect symptom reporting, with children in advanced
or terminal stages, and their caregivers, less likely to report
symptoms compared to those earlier in treatment, due to
an increased feeling of burden/sadness regarding the child’s
health status. Caregivers emphasized the importance of
monitoring their child’s mental health and noted challenges
with remembering and tracking symptoms if they did not
document them right away. Participants also found it diffi-
cult to remember instructions from the care team, with one
participant voicing a preference for written communication
to review and confirm later.

Children often struggled to describe their symptoms, par-
ticularly with finding the right words to explain how they are
feeling. For children, barriers to reporting included fear of
being a burden, shyness, competing opinions from caregiv-
ers, and potential communication limitations (depending on
the developmental stage of the child), which can influence
symptom reporting. Some caregivers noted that teenagers
may be more likely to confide in friends than caregivers and
family, adding further complexity to reporting for this age
group. Caregivers sometimes hesitated to report symptoms
on behalf of their child, concerned that they might overstep
or misinterpret the child’s experience.

Caregivers described how being the “middleman” that
connects the patient, other caregivers, and the health care
team added stress. Participants also noted that a challenging
part of the current system was delays in responses to symp-
toms reported in the patient portal. While caregivers com-
municated that relationships with the care team were impor-
tant, they also noted a disparity in focused attention, such
that they themselves were focused solely on their own child
while the care team had multiple children to monitor. With
respect to symptom reporting, caregivers and children noted
that sometimes their concerns were pushed aside. Caregivers
commented that what was recorded in the child’s medical
record often did not accurately reflect their experiences or
was not fully appreciated by the medical team and discussed
frustration with reporting symptoms multiple times before
concerns were addressed.

“Your Magic Idea”: ideal symptom assessment
system features

During the co-design sessions, participating children and
caregivers identified several key features that should be
included in an ideal system for symptom assessment.
These key features include (1) the ability to track the
child’s medical history over time, (2) having a central
place to keep records and store data (such as a log of
medications and treatments, and the child’s response to
each), (3) a calendar feature for tracking appointments,
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Table 3 Themes identified during qualitative analysis

Activity Theme

Exemplar

“‘Sharing Your Story” Constant worry

Loss of control

Community Support

“The Good” Relationships with the staff, nurses,
and doctors

Positive interactions

Record of experience

“The Bad” Accessibility

Communication between different
providers

Problems remembering symptoms

Trouble describing symptoms

“The bad stuff is like just the fear of it, whether you’re here or in remission or
out at home. You just constantly worry. It’s just constant anxiety. A lot of, like,
similar to PTSD type things. We have nightmares or just a lot of anxiety-type.
I work over at [name of company], and I’ll see something, and it’ll be a trig-
ger to an anxiety episode, and you’re just, with him, I’'m like on edge and at
high alert all of the time. So, if I even think he has an eye twitch, I’'m just like
focused in on it.” (Caregiver)

“The things that are bad about the whole thing are all the things that you can’t
control.” (Caregiver)

“There are things that you can’t control, and you just miss people, but you can
still stay connected. That’s one of them over here. So, I'm not alone, which is
good. I’ve got them and grandparents and friends who I can talk to, and uhh
I know what I'm in for because I did this once already. [tapping noises] So, I
kind of know what to expect which is nice.” (Child)

“We got a lot of community support in our neighborhood as well too from the
school systems and a lot of people in our community that did ... donate to
local businesses and things like that, fundraisers and stuff like that.” (Car-
egiver)

“When you make a lot of relationships here with the staff and the nurses and
the doctors, and they follow you when you’re outside of here, when you’re not
or when you’re in, and they get to know you and get to know your kids. Then
they can tell by the look on your face when you come around the corner like if
you’ve had a good day or not.” (Caregiver)

“Because I feel [Children’s hospital] is so focused on young kids. And finding
the doctors or particular nurse or particular tech that he can have fun with and
he jokes and he laughs and that makes his day better. When someone walking
up with a toy. Or will I get a sucker for you today. I mean, that has been our
benefit is the personal interaction.” (Caregiver)

“I guess what I’m saying is if we mention something in clinic, I don’t know for
sure if she [the clinician] has put it in her notes, but I've got it in mine, and
it may come up three or four times for me, whereas she puts it in her notes
in clinic, and she doesn’t see this as something that is ... a problem that isn’t
necessarily unique to [Child’s name].” (Caregiver)

“I have a binder full of lab results just so I know where he’s at. ...Mostly that. I
have a journal that I write when we come in what’s going on and that’s mostly
to keep it straight in my head and have a record of our experience in my eyes,
you know.” (Caregiver)

“Using my notebook paper. Problem with paper is it rips out of my book. Stor-
age. So, I have file folders full. I have a big tub full of all of his stuff I've kept.”
(Caregiver)

“I prefer email because then I have it to reference back and forth, and I'll be like
did I read that right, and is that really what they said? Like I need to go back
and read that again” (Caregiver)

“My problem was being the middle person to connect several professionals”
(Caregiver)

“I keep forgetting things as I, so have to think like five times.” (Child)

“Normally I just complain about things, and I don’t really remember them, and
she [mother] writes them down so that we can talk to the doctor about them.”
(Child)

“So, it’s just kind of like explaining how you feel sometimes because sometimes
I don’t know if what I have counts as nausea or not or like if what I have is like
allergies, I guess. So, it’s kind of hard.” (Child)

“I know I feel crappy, but how do I feel crappy” (Child)

“It’s hard to explain things. I don’t know. I think there needs to be more, like,
words invented, maybe. I don’t know.” (Child)
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Table 3 (continued)

Activity Theme

Exemplar

Communication between child and
caregiver

Advocating for child

Needing current information

Problems with technology

“Your Magic Idea” Star Trek-like scanner

Reset button

Bedside assistance popup

Monitor assistance

Magical note scanner

Magic boogie board

“He doesn’t like to be the center of attention. He doesn’t like to get embarrassed.
If I tell the nurse something that he doesn’t want me to tell the nurse, he’s
irritated. He’s annoyed.” (Caregiver)

“When I get home at the end of the night and I say how was your day. Did you
have any issues? No, I was fine. Two days later — oh, I did have a headache. If
there was a way at that moment he could put it somewhere and it got to me at
some point in time where I knew, yes, that would be beneficial.” (Caregiver)

“Yeah, it would be nice to have as much information as possible. I trust the doc-
tors and nurses to be able to track these, but I'm [Child’s name]’s only mom,
whereas the doctors, [Child’s name] is not their only patient, so it would be
nice to have that information and be able to see the trends.” (Caregiver)

“She notices things at home, but if we mention it in clinic, if it didn’t meet a
certain standard in clinic, it kind of just got pushed aside and not recognized,
whereas I knew that it was significant, and to have to keep bringing it up, that’s
where the annoying part comes in.” (Caregiver)

“The only problem I have with the patient portal is it’s delayed two days. So,
when you’re in an inpatient like this and you’re wanting to know daily what’s
happening, you’re on a two-day delay.” (Caregiver)

“The younger kids, the moms are probably more actively using the phones. I'm
not. I don’t call myself old. I'm 41 and that’s what I grew up with in school.
We didn’t have the technology like a 30-year-old might that has a kid.” (Car-
egiver)

“I know that I can get online and look up all his blood results and test results.
Have I? I haven’t. And maybe that’s just me not wanting to remember another
password.” (Caregiver)

“Then your battery dies. Where is my notebook and paper?” (Caregiver)

In the form of furniture, suit, and smart watch. Smart watch monitors vitals
24/7 and chair and/or furniture scans child and gives instant updates/results.
Updates would be instantly sent to parents’ phone

Scans patients and automatically fixes patients symptoms, keeps a log of what
was fixed and sends report to health care provider. Physician could pop out in
form of hologram and talk to patient

Patient taps on certain areas of tablet/tv screen to notify computer what is
wrong. Symptoms would then be color coded based on urgency. Computer
would then notify physician/nurse on urgency of symptoms and the physician/
nurse would be able to see a pop up visual on the patient. Patients questions
could be answered instantly

Patient information is stored within a monitor that displays vitals, stores all
appointments, and lists patients’ physicians/nurses. There is a button on the
monitor that can answer parents’ questions about anything at any time of day.
Monitor would serve as middleman instead of parents to get ahold of several
health care professionals to answer questions and update physicians/nurses on
patients’ status

Automatically scans parents journaling notes into a technological device after
they finish a page

Parents could write journaling notes on board, push the button and it goes
straight to their phone or computer and saves it in a file. Once button is
pushed, a new clear screen pops up to write again

treatments, and chemotherapy cycles, and (4) a commu- in order to provide context and better understand the con-
nication feature that facilitates information sharing with  nection between treatment and symptoms.

the treatment team. Many caregivers kept journals of their Participants discussed how in their ideal system a clini-
child’s cancer experience and felt that they were likely to  cian would be available to answer questions via telehealth
keep their journal and use it in addition to any new system,  visit, phone call, chat function, or some other interface
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that allows for timely and direct contact. It was clear that
coordination and communication were key, and that the
ideal system should facilitate communication across inpa-
tient and outpatient health care teams to ensure continu-
ity of care. Both caregiver and child participants wanted
feedback on symptoms from their clinical team, focused
on providing relief from those symptoms. While both chil-
dren and caregivers expressed anxiety about the child’s
cancer journey, caregivers emphasized the importance of
receiving immediate feedback on the child’s symptoms to
reduce their child’s suffering. They also highlighted the
need to expand current symptom assessments to include
mental, emotional, and social health for both the child and
caregiver, along with access to appropriate support and
interventions.

Families also placed high value on the relationship
between the patient and clinicians. Caregivers stressed the
importance of understanding their child as an individual,
and that interpretation of symptom reports relied on the cli-
nicians’ understanding of each patient’s unique experience.
Toward this, one caregiver suggested that numeric graph
scales in the ideal system should be adaptable to highlight
variations in their child’s data. Tracking the timing and
severity of symptoms in relation to events like medication
changes or clinical activities was thought to be particularly
helpful to identify triggers and inform necessary adjustments
to care plans.

Participants shared a wide variety of preferences and cus-
tomization ideas for what they considered the ideal system.
Participants noted that additional features like character
customization or visual incentives may improve their use.
Some of the examples they suggested included methods they
currently use for offline symptom tracking, such as journal-
ing. Integration with commonly used devices (such as cell
phones), reminders through pop-up notifications, and “gami-
fication” of the system with visuals like badges or awards
were also suggested by participants.

During data analysis, some differing perspectives
emerged between caregivers and children regarding their
priorities in symptom reporting. Both groups valued having
a summary of data trends and ways to intervene to allevi-
ate symptoms and improve communication with the health
care team. They also emphasized the emotional impact of
cancer treatment on mental health. However, unlike adult
caregivers, adolescents stressed the importance of privacy
and confidentiality in symptom reporting. An emphasis on
maintaining control of their information was clear from both
the child’s and the caregiver’s perspective.

Table 3 includes the technology “superpowers” that chil-
dren and caregivers identified to incorporate into an ideal
electronic system that facilitates symptom assessment and
tracking. Although some of these ideas are beyond the cur-
rent capabilities of technology, elements of these ideas
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are achievable and can be integrated into technological
solutions.

Barriers to electronic system use

During the co-design sessions, several barriers to using
an electronic system were identified. A key challenge was
ensuring consistent use. Participants suggested offering
incentives beyond financial compensation, such as earning
digital badges or awards for completing questionnaires. Noti-
fications and reminders were also recommended to encour-
age ongoing engagement. Caregivers stressed the need for
simplicity, noting that an overly complex system might lead
them to revert to solely traditional journaling methods. Chil-
dren and adolescents, however, expressed more comfort
using tablets and phones due to their familiarity with tech-
nology. As previously mentioned, some participants noted
that those with advanced or terminal cancer might avoid
symptom reporting, as it could feel mentally burdensome.
To overcome these barriers, participants suggested that if
the system connected them with clinicians and addressed
the child’s and family’s needs, they would be more likely to
use it consistently, knowing it could positively impact care.

Discussion

This co-design study elicited the perspectives of children with
cancer and their caregivers on an ideal ePRO system for self
and proxy symptom assessments, and the characteristics that
should be instilled into this system. There are a number of
ePRO systems currently available for symptom tracking in
pediatric settings [33-39], and especially in pediatric cancer
[36, 38, 40, 41], but few have been designed using input from
children themselves [26, 27, 42]. For the successful imple-
mentation of a novel electronic system, it is essential that end
users are meaningfully integrated into the design and evalu-
ation process [26, 43—48]. Using participatory or co-design
methods, children and caregivers can have a hand in designing
their own electronic systems and can provide valuable real-
world feedback throughout the development process [18].

Through interviews with six children and seven caregiv-
ers, several key concepts emerged with respect to both posi-
tive and negative aspects of the current state of symptom
reporting as well as co-design features of an ideal ePRO
system. Overall, children and caregivers provided many
more negative experiences than positive when describing
their current methods for symptom reporting. Describing
symptoms with written or spoken language is challenging,
particularly for children who are in different developmental
stages or who have family dynamics that may inhibit their
ability to report their symptoms [49].
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Participants’ preferences for features to include in the
ideal system, like character customization and gamifica-
tion, are found in many health-related applications [50, 51].
Studies show these features might be helpful to keep chil-
dren engaged, as they can enhance the user experience and
make symptom reporting feel more familiar, interactive, and
rewarding [40, 52]. By integrating these elements, ePRO
systems can better support sustained engagement, especially
during prolonged treatment periods when motivation may
fluctuate.

An added challenge in working with children with cancer
is that output reports from ePRO systems must integrate
multiple perspectives, encompassing reports from the child,
the caregiver, and potentially the health care team, and
address cases in which these reports are discordant. Main-
taining privacy and confidentiality is incredibly important
for adolescents and young adult users [53, 54]. Failure to
do so may lead to distrust in the health care team and limit
future reporting [55-58]. To respect participants’ privacy
while still facilitating communication between children,
caregivers, and the health care team, developers may need
to create separate accounts for caregivers and children, and
to carefully consider what aspects of the child’s reported
information are visible to caregivers. Balancing a caregiver’s
responsibility to monitor and support their child’s health
with the child’s right to privacy is a difficult challenge, and
one that becomes more complex as the child matures and
seeks independence [53, 54]. At the same time, integrating
data from all perspectives into a unified report is essential
to provide context and a comprehensive view of the child’s
health status.

In addition to privacy concerns, symptom reporting systems
should also accommodate developmental changes, as the abil-
ity to report symptoms may evolve with treatment intensity or
end-of-life care. Younger children may enter their symptoms
with their caregivers’ assistance, while older children and ado-
lescents may prefer to engage in shared decision-making and
take on primary reporting responsibilities. Systems should be
flexible enough to adapt to each child’s cognitive and emo-
tional maturity, as well as to the shifting roles between children
and caregivers over the course of their illness. Incorporating
customizable interfaces and age-appropriate features may help
ensure that symptom reporting remains accurate, meaningful,
and empowering for all users.

To respond to caregivers’ needs, ePRO systems will
need to lighten the burden for caregivers who serve as the
middlemen between the child and their health care team.
Developers should consider integrating information from the
electronic medical record into ePRO systems, to enhance
transparency and improve communication with clinicians.
More so than child participants, adult caregivers stressed
the importance of immediate feedback, particularly regard-
ing the recognition of potentially serious symptoms, since

there is already so much anxiety and fear surrounding the
cancer experience. A centralized ePRO system that com-
bines timely and accurate symptom tracking, provides
reports reflecting symptom data from children and caregiv-
ers, includes customizable settings adjustable to the patient’s
privacy preferences and developmental stage, and facilitates
communication with clinicians could help reduce delays in
Symptom management.

Limitations and future directions

This study has several important limitations that affect the
generalizability of the findings. The small number of partici-
pants resulted in a narrow age range of child participants and
limited representation of cancer diagnoses, which restricts
the applicability of the results to a broader pediatric oncol-
ogy population. Although we identified that an ideal ePRO
system would be able to adjust for developmental changes,
our sample did not include any participants under the age of
11 to confirm these findings in younger children.

Despite efforts to include a diverse sample, participants
were recruited from a single institution, were predominantly
non-Hispanic white, highly educated, and had an income
above the national average. Additionally, recruitment ended
when the principal investigator changed institutions. None-
theless, we are confident that the qualitative analysis cap-
tured key themes in symptom reporting.

Future research will build on these co-design insights to
develop a more inclusive and relevant symptom-reporting
system. Recruitment for future studies will focus on a larger,
more diverse sample, and will consider equity, health lit-
eracy, and technology access in system development and
implementation.

Conclusions

This co-design study explored pediatric cancer patients’ and
caregivers’ experiences with symptom reporting and their
preferences for an ideal ePRO system to support cancer care.
Partnering with families when developing electronic health
systems provides valuable insights and helps to ensure the
system is user-friendly, addresses families’ needs, and col-
lects information that is meaningful and accurate. Our future
research will use further co-design strategies to develop a
preliminary prototype for the ePRO symptom tracking sys-
tem and focus on enhancing collaboration between chil-
dren, caregivers, and clinicians. Enhancing the integration
of technology with health care relationships can deepen our
understanding of childhood cancer, improve communication
between families and clinicians, and hopefully set the stage
to more effectively meet children’s needs throughout cancer
treatment.
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