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Abstract

Objectives: This study examined the perceptions of caregivers of young childhood cancer survivors (YCCS) regarding the use
of virtual assistant (VA) technology for health information seeking and care management. The study aim was to understand
how VAs can support caregivers, especially those from underserved communities, in navigating health information related to
cancer survivorship.

Methods: A qualitative study design was employed, involving semi-structured interviews and focus groups with 10 care-
givers of YCCS from metropolitan, rural, and Appalachian regions, recruited from a large pediatric academic medical center
in the Midwest. A web-based VA prototype was tested with caregivers, who provided feedback on its usability, utility, and
feasibility. Data were analyzed using thematic analysis to identify key themes related to caregivers’ interactions with and
perceptions of the VA technology.

Results: We identified four major themes: Interface and Interaction, User Experience, Content Relevance, and Trust.
Caregivers expressed preferences for multimodal interactions (voice and text), particularly valuing flexibility based on con-
text. They emphasized the need for accurate, relevant, and easily retrievable health information tailored to their child’s
needs. Trust and confidentiality were critical, with caregivers favoring VAs integrated with trusted healthcare systems.
While VAs were perceived as valuable tools for reducing search fatigue and cognitive burden, caregivers highlighted the
need for improved conversational depth, personalization, and empathetic response.

Conclusions: VAs hold promise as support tools for caregivers of YCCS, particularly in underserved communities, by offering
personalized, credible, and accessible health information. To maximize their potential, research and development efforts
should focus on building trust-building, integrated, and personalized VAs. These enhancements can help VAs further
ease caregiving tasks and support caregivers in managing complex health needs.
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options, and side effects.” Caregivers receive cancer-related
information during the acute treatment phase, as well as in
survivorship, when over two-thirds of survivors are at risk
of developing one or more chronic health problem,
known as late effects.* The high cognitive and emotional
burden of navigating this process makes it imperative to
investigate new avenues of tailored informational support
for these caregivers.”

Young childhood cancer survivors (YCCS), who are
diagnosed and treated in early childhood (i.e., less than
age 7 years), face the highest risk for late effects given
their treatment during a highly sensitive developmental
period, particularly for neurodevelopmental late effects.”™
Risks are elevated in the context of invasive treatments
such as intrathecal chemotherapy and cranial directed radi-
ation.'® Neurodevelopmental late effects after cancer may
include developmental delays (e.g., speech, motor, and cog-
nitive), neurocognitive deficits (e.g., memory, attention,
and executive functioning, and processing speed), and psy-
chosocial difficulties.' Thus, caregivers of YCCS must
navigate the additional complexity of locating resources
related to the diagnosis and treatment of neurodevelopmen-
tal conditions and identifying providers with expertise in
treating children with medical complexity.”'>

Resources to mitigate these neurodevelopmental late
effects, such as state-based early intervention and home visit-
ing programs, school liaison support, and rehabilitative ther-
apies (e.g., speech, physical, occupational therapies) may be
beneficial, especially when delays are identified and treated
early.'® Still, the availability and quality of these services
may vary by geographic location. Specifically, healthcare dis-
parities are known to be more pronounced in rural and
Appalachian communities due to factors like geographical
isolation, widespread poverty, lack of educational resources,
and limited access to specialized medical care.'*'®
Additionally, the extent to which caregivers seek these
resources and use digital tools to identify quality providers
in their area remains under-investigated.'”

Existing studies on online health information-seeking
behavior reveal that caregivers often prefer personalized,
easily accessible, and reliable sources of information.'®1°
Today, virtual assistants (VAs) such as Amazon’s Alexa,
Google Assistant, and Apple’s Siri have become ubiquitous
platforms that facilitate various forms of user—technology
interaction, from simple tasks like setting reminders to
complex ones like accessing health information and care
management.”>>* These VAs have become an integral part
of modern information-seeking behavior, with studies indi-
cating a growing preference for voice-based interfaces over
traditional textual search in various demographics.?>%’
Notably, with recent advancements in large language
models (LLMs), the capabilities of VAs show improved
comprehension and responses.?® However, generative Al
models carry a risk of producing misinformation or “halluci-
nations,” particularly in medical contexts where accuracy is

critical. LLMs are highly sensitive to the quality, scope,
and relevance of their training data and the way queries
are framed, which can influence the reliability of their
responses.”

Given the capabilities of VAs in providing information
that is not only quick but also personalized through
machine learning algorithms,*'* they may offer a promis-
ing solution to the challenges faced by caregivers of YCCS.
Caregivers are likely to benefit most if they hold one or
more marginalized identities (e.g., racial/ethnic identities,
low socioeconomic status) or live in underserved areas
(e.g., rural or Appalachian), where resources may be
scarce or nonexistent. Yet, we lack empirical data that dir-
ectly address the adoption, feasibility, and utility of VAs
across each of these unique contexts. In particular, the
rural and Appalachian communities have been underrepre-
sented in existing research, leading to an incomplete under-
standing of how these technological tools might be
leveraged to meet the unique needs of more isolated popu-
lations.>® Therefore, there is a need to bridge this gap in the
literature by investigating perceptions about how VAs
could be effectively utilized as an information-sharing
tool among caregivers of YCCS, especially amongst those
in underserved communities.

The primary aim of this study is to examine the perception
of caregivers of YCCS, including those from underserved
communities, about VA technology use for health informa-
tion seeking and care management. Given the potential of
VAs to deliver complex, multidimensional information,
including that related to neurodevelopmental conditions,*®
this study seeks to fill a vital gap in our understanding of
how VAs could support caregivers facing these multifaceted
challenges and aid in identification and access to early inter-
vention. Furthermore, this study intends to contribute to our
broader understanding of how emerging technologies can be
adapted to serve marginalized populations, thereby addres-
sing healthcare disparities through targeted, accessible, and
high-quality information dissemination.

Methods

This study used a qualitative approach to understand the
perception of caregivers, further elaborating challenges
and opportunities associated with the use of VAs for
health information-seeking and care management. The
research methodology was informed by constructivist para-
digms that acknowledge the subjective experiences of care-
givers.®’ Please see the Consolidated Criteria for Reporting
Qualitative Research (COREQ)*® Checklist in Appendix A
to further review reported elements in our study.

Ethics

The study was approved by the Institutional Review Board
(IRB) of Nationwide Children’s Hospital (Ethics Approval
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Number: 00002939). This study was considered as minimal
risk, and a waiver of written documentation of informed
consent was granted. Participants reviewed an IRB
approved information sheet (similar to a consent form out-
lining the potential risks and benefits) prior to the study and
verbally agreed to participate.

Virtual assistant prototype

A web-based VA was created using a conversational agent
platform, Voiceflow.”® The VA was designed with three
components; Request, Delivery, and Continuation to simu-
late naturalistic conversation. (1) Request: The prototype
initiated the conversation by requesting a description or
question about a topic of interest. The VA was designed
to use button responses, voice commands, or free text.
This feature was to demonstrate VA capabilities and pro-
vided options to caregivers. (2) Delivery: The VA would
respond with relevant information using the knowledge
base. This knowledge base included a number of docu-
ments referencing from reports by cancer advocacy organi-
zations, ! government  policy  documents,****
information sheets from children’s hospitals,*>**® and the
Family Handbook™, a general guide to pediatric oncol-
ogy.*” These knowledge base documents were curated by
searching government and advocacy organization repositor-
ies for cancer and survivorship. All documents were manu-
ally reviewed and approved by a licensed clinical
psychologist with pediatric oncology experience. The
knowledge base was necessary to ensure the accuracy and
relevance of responses with evidence-based materials
in-line with testing scenarios. (3) Continuation: The user
had an option to follow up on their initial inquiry, such as
asking for more information about complications or ask
for further clarifications. At this stage, the VA stored a
copy of the conversation to regenerate a specific answer
or expand with a comprehensive statement. Figure 1 out-
lines the VA prototype and interaction flow.

VA knowledge base. The knowledge base was structured
using a built-in parser and retriever service in
Voiceflow™ (a platform used to build our VA), leveraging
a Retrieval-Augmented Generation (RAG) approach.*®
Voiceflow’s parser service processes uploaded documents
into smaller semantic chunks, converts them into vector
embeddings, and integrates them into the knowledge base
for efficient retrieval.* The retriever service converts user
queries into vectors, compares them with the knowledge
base, and returns the most relevant chunks for accurate,
context-aware responses.*® Eventually, an LLM (GPT-3.5
Turbo) synthesized retrieved chunks into cohesive, conver-
sational responses, enabling the VA to deliver intuitive,
engaging, and human-like interactions tailored to the infor-
mal tone users expect in text-based communication.

Sample selection

Purposive sampling was employed at a large pediatric aca-
demic medical center to recruit caregivers of YCCS who
had formerly participated in a stakeholder analysis (n=
29) and/or were currently involved in a Community
Advisory Board (n=13; ~40% rural or Appalachian)
from a larger study. These groups involved caregivers of
multiple types (biological mothers and fathers, grandpar-
ents, adoptive parents, and legal guardians) who had
YCCS currently between the ages of 3 and 12 years, at least
6 months post-treatment or were on maintenance therapies,
and without evidence of recurrent disease. We aimed to
enroll 10 caregivers, which was in line with user experience
studies in the literature.’®>! Twenty caregivers were con-
tacted to participate in the study, with half agreeing to partici-
pate. Three declined, while the other 7 were unreachable prior
to us meeting our goal of 10 participants. Eligible caregivers
were defined as: (1) legal guardians, (2) living with their chil-
dren >50% of the time, (3) residing in the surrounding states,
and (4) English-speaking. Caregivers who participated in
interviews were compensated with a $50 gift card.

Data collection

Caregivers were recruited by trained research coordinators
via phone. They viewed an online information sheet and pro-
ceeded with surveys to indicate their consent to participate.
We used a semi-structured qualitative interview method-
ology designed to capture insights from caregivers (see
Appendix B for Interview Protocol). Ten participants were
given the choice to participate in a single-session focus
group (n =7) or one-on-one interviews (n = 3) with research
staff via Microsoft Teams. The procedure began with an
introduction to VA technology currently in use in daily
life. Concepts related to popular market products (i.e., Siri
from Apple, Google Assistant, and Alexa from Amazon)
were briefly described based on their similar functionalities
and potential. Study staff then asked caregivers to describe
how they use VA-based technologies in their daily life.
Following the introduction, each caregiver interacted
with a prototype VA for a set duration within the interview
session. This phase included previewing four scenarios
about late effects of cancer treatment, returning to school,
reviewing cancer history, and handling the emotional
impact on the child. This process guided caregivers’
engagement and helped them explore the VA’s features
and functions thoroughly. Caregivers were also given the
opportunity to ask their own questions indirectly (queries
monitored by study staff) to the prototype VA using
voice or text. Finally, caregivers were prompted to
express their thoughts about how a VA similar to the proto-
type could assist in their role as a caregiver to a YCCS.
After the engagement period, study staff solicited care-
giver feedback on VA usability, utility, and feasibility.
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Large Language Model
(GPT-3.5 Turbo)

Greetings. | am a support chathot.

| am here to help answering questions about
pediatric ancolagy using resources at
Children's Hospital

‘What are side effects of
chemo?

Common side effects in children incluce:

going chemotherapy
I tiredness.
mon in children,
this can sometimes ere.
Hair Loss: Childre se hair on their

Knowledge Base
(Verified Sources)

nead and other parts of their bocy

Which medications help with
nausea?

Talk to your dostor abaut Zofran {alsa known
as Ondansetron) if your child is struggling

with nausea or vomiting

— Be sure to notify your pediatric ancolagist if
¥ the presoribed medisation no langer

prevents symptom episodes in your child

sles
— "..?.\

e

Several medications can help manage _
nausea and vemiting in children undergoing n=10
chemotherapy

Metropolitan, Rural, and
Appalachian Caregivers

Figure 1. Flow diagram of the prototype web-based virtual assistant on a mobile smartphone.

Focus groups and interviews lasted between 30 and
60 minutes (M =42, SD = 13). All interactions were audio-
recorded on Microsoft Teams with the caregivers’ consent
and imported to NVivo. Research staff took observational
notes during the interview sessions. Additionally, qualita-
tive work incorporated Manning’s In Vivo>? coding of tran-
scription data through NVivo on release version 14.23.2.
Transcripts and thematic analysis were not shared with
them for review; and thus, accurate interpretation of com-
ments was primarily confirmed through a brief verbal
summary of the content of each focus group/interview.
Recruitment and data collection for the study concluded
after achieving data saturation. The research team deter-
mined that the current sample size provided rich and mean-
ingful data for analysis. This approach aligns with the
qualitative research in the literature.>

Data analysis

Qualitative data was analyzed through a thematic analysis fol-
lowing Braun and Clarke’s™* six-step process. Each dialogue
file was cleaned, and transcription data was organized into an
NVivo file. The conversations were divided into sentence
segments, summarizing groups of sentences with code
words derived from the dialogue. Co-authors (ES, DIJ)
reviewed and coded the transcripts (Cohen’s kappa, k=

0.862). Conflicts were resolved through consensus discussion
among authors. Subsequently, codes were organized into
overarching themes. Quantitative data was analyzed with
descriptive statistics using R version 4.3.0 (2023-04-21
Universal C Runtime)*> through RStudio 2023.12.1 Ocean
Storm Build 402.°° Additionally, we conducted post study
analysis on VA engagement logs to assess quality of
responses overall (see Appendix C for details).

Results

Demographics

The study sample consisted of caregivers of YCCS (n=10)
who were predominantly female (n =9) with one male par-
ticipant (n=1). In terms of relationship status, most were
married (n=38), with one single caregiver (n=1) and
another cohabitating (n=1). Educational attainment was
high, with caregivers having at least a technical/trade
school education (n = 1), college degree (n =7), or graduate
school education (n = 1). One participant had a high school
degree only (n=1). Annually, family income varied, with
the highest earners making over $100,000 (n = 3), followed
by a few in the $75,001-$100,000 (n=2) and $50,001-
$75,000 (n=3) ranges, and a couple earning between
$25,000 and $50,000 (n=1) or less than $25,001 (n=1).
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Most caregivers self-identified as White (n=9), with one
participant identifying as Black (n=1). Additionally, one
participant endorsed having a Hispanic/Latino ethnicity (n
= 1). Child diagnoses were evenly distributed among leuke-
mia/lymphoma (n=3), non-central nervous system solid
tumors (n=4), and brain tumors (n=3). Child patients were
distributed evenly since time of diagnosis (n=10 children,
min=2.17 years, max =9.75 years, M=5.97 years, SD=
2.80 years). Over half of children received one or more
central nervous system-directed treatment (n=6), while the
rest did not (n=4). Residential areas varied, with caregivers
residing in metropolitan (n=4), rural (n=23), Appalachian
(n=2), and rural-Appalachian (n = 1) regions.

Themes

Thematic analysis resulted in 22 codes and four themes:
Interface and Interaction, User Experience, Content
Relevance, and Trust (Table 1). Interface and Interaction
describes the different ways users preferred to access a
VA, such as, through speech-only, text, or both. User
Experience encompasses experiences and feelings about
caregiving and seeking medical advice. Content
Relevance describes the topics of value to caregivers and
the accuracy of VA responses, such as, neurodevelopmental
therapies, medication side effects, and educational
resources. Trust describes security measures and the prefer-
ence for confidentiality when handling VA data.

Interface and interaction. Caregivers explained the tech-
nologies that they used in daily life, and their preferences
for accessing and using VAs. They outlined that they
have already used mHealth apps, search engines, and
smart technologies to navigate the landscape of healthcare
information, from connecting with their oncology team to
managing a treatment plan long term. For some caregivers,
VAs were a way to stay on top of daily life.

Smart phones, you know the [smart speaker brand], the
smart watches, all of that. I think helps [us] to keep a
little organized. Caregiver #10

Caregivers also compared voice versus text-only interac-
tions and highlighted that the modality of conversations
mattered based on their location and situation. One care-
giver described a scenario where voice interaction may
not be appropriate for after-hours and text-based interaction
could be more appropriate.

When your child is ill and they’re finally asleep, you don’t
wanna do anything to wake them up [so] you’re not gonna
use voice. Caregiver #7

Caregivers acknowledged how VAs may handle admin-
istrative tasks well, such as reminders and scheduling, but

struggle with extended conversations about medical infor-
mation and questions. Caregivers desired to use VAs with
a memory component (i.e., a knowledge base) for recalling
past topics or exploring options at their healthcare center.

What if I forgot what I had asked it, and I'm like, ‘Oh, there
was some really good information there?” Caregiver #1

There was something there that I wanted to revisit. So,
maybe a search history within the [VA] app itself might
be something valuable. Caregiver #3

Caregivers indicated that VAs could be integrated to the
health system and referred by their clinicians for persona-
lized oncological questions and responses. Many caregivers
recognized how VAs for healthcare are typically on the
landing page of a pediatric oncology clinic’s website to
support navigating treatment services. Instead of using
generic website VAs, several caregivers wanted to down-
load an application to engage in further personal care ques-
tions, which was perceived to increase their access to
information and convenience. Similarly, most caregivers
noted the value of multi-language personal health education
options. They indicated that most informational materials
were printed and distributed in English-only. One caregiver
also mentioned having a VA feature that could educate
users on common medical terminology.

When you have a doctor’s visit, and they say, ‘oh, we’ve
got this VA. Download the app, and you can ask your ques-
tions right there’. Caregiver #3

Could I ask it like a dictionary? Would you be able to ask
things like, ‘what does hemoglobin mean?’ It would be
great if I could. Caregiver #5

Unfortunately, there’s a very large portion of families that like,
their ability to read is limited. So, if you can read back to them,
you're catching a whole other demographic that you're
missing when you provide pamphlets and stuff. Caregiver #6

User experience. Most caregivers expressed that seeking
health information has been challenging. Caregivers men-
tioned concern about “going down the rabbit hole” where
they became stuck endlessly searching online. Many care-
givers agreed that a major obstacle to accessing quality
health information online was their difficulty finding
useful medical advice specific to their child’s condition.
Regardless of their backgrounds, caregivers were apprecia-
tive of the wealth of information that exists about oncology,
yet acknowledged the limitations of navigating to that infor-
mation and understanding it based on health literacy.

We are given so much stuff and you just can’t keep track of
everything. Caregiver #1
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Table 1. Themes and codes.

Interface and Interaction This theme describes the ways, Interaction modes 7 4.7
preferences, and modalities that
users prefer to interact with or Verbal interaction 5 3.4
access to a VA.
Vocal preferences (A 2.7
Linguistic support 4 2.7
Feature set 12 8.1
Personalization 9 6.1
User Experience This theme describes personal Caregiving experience 8 5.4
experience about caregiving and
seeking medical advice via the Search frustration 4 2.7
technology.
Caregiving challenges 8 5.4
Guidance support (A 2.7
Alternative sources 5 3.4
Content Relevance This theme describes the content that Response specificity 19 12.8
is relevant, valuable, and needed
by caregivers from VAs. Inquiry types 16 10.8
Oncology focus 7 4.7
Educational queries (A 2.7
Therapeutic queries 4 2.7
Medical treatments 5 3.4
Trust This theme describes the perception Data security concerns (A 2.7
of trust, security, and ethics and
the preferences for confidentiality Source credibility 4 2.7
expected from VAs.
Credibility assessment 6 4.1
Ethical applications 5 3.4
Usage contexts 4 2.7
Total 148 100.0
[Do] you know what I mean? The medical terms that some- as a high contributor to caregiver burden and exhaustion.
times you’re given, and you have no clue, you know, what Alternatively, some caregivers were proactive with their
they’re talking about. Caregiver #5 network and contacted other healthcare providers for

extra advice that is often not included in informational

. handouts and flyers.
Furthermore, caregivers recalled moments where they

had to use alternative information sources (i.e., healthcare

team); they would either take their concerns to their peer If Googling [an oncology symptom and diagnosis], there’s
groups, or go through search engine results, acknowledging so much stuff out there... You don’t know what’s gonna
the risk of misinformation. Caregivers identified this cycle come up! Caregiver #2
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As an oncology parent, if we have a quick question or we
kind of need that ‘college of knowledge,” we go to the
[social media] page and get 50 answers right away.
Caregiver #10

I would try to find a couple nurses on the oncology floor
saying, ‘Hey, you got a minute?’ Caregiver #1

It’s not just the doctors, but a lot of times the nurses have a
lot more information to share about the day-to-day life.
Caregiver #4

Caregivers summarized their needs from VA to access
reliable answers quickly while filtering out less credible
resources. Caregivers indicated VAs may reduce or elimin-
ate both extended searching sessions and the burden paired
with it in the future.

This [the VA] would be a good resource for that tired,
exhausted parent who’s at their wit’s end and just needs
something. Caregiver #7

Content relevance. Caregivers expect VAs and other con-
versational technologies to deliver niche and highly accur-
ate information. After interacting with the VA prototype,
caregivers listed common topics of interest, such as educa-
tional and therapeutic information (e.g., learning more
about speech therapy or special education options) to
address neurodevelopmental delays and late effects, as
well as treatment-based instructions. While testing the
prototype VA, caregivers reacted to the breadth of informa-
tion it could cover, such as the use of therapeutics and
mental health resources.

Like, that’s a start. That is something where- you could take
‘that’ and go back to your physician and say... ‘Do we need
occupational therapy to help them hold a pencil?’ Caregiver
#1

Services for mental health of my pediatric cancer patient
could be catered to provide information that [my] hospital
would offer. Caregiver #10

You could ask it like, I'm driving from out of town, [are]
there resources for me to stay [nearby]... while my child
receives treatment. Caregiver #6

Caregivers expressed their use of VA with clarifying
questions and scenario-based explanations. Some care-
givers needed summaries, while others explored alternative
interpretations of their doctor’s orders.

...instead of having to cycle through the various pages to
my messages or to my lab results, if I [could] just ask the

question; ‘Hey, what was the summary of [patient’s] last
[diagnostic procedure]?” Caregiver #4

Caregivers also referred to the need for evidence-based
content and the VA’s ability to access credible resources,
such as safe dosage instructions. They indicated that this
information could be useful to determine when they
should reach out to their oncology team:

I would just say one of the first things that popped in my
head when it comes to questions was definitely medication.
I just think that would be, like very helpful to have that
information here. Caregiver #9

[The VA] made me think about how sometimes we get
packets of information, and we don’t have the time to
read through it. It would be great to have something like
this to ask a question and get an answer right away.
Caregiver #8

It would be a great tool that people could use when it’s not
necessarily worthy of calling a doctor, but they just need
that additional resource. Caregiver #7

Trust. Caregivers expressed that they expected their VAs to
access credible sources and maintain confidentiality.
Caregivers identified that it could be helpful to have a
healthcare provider connected to the VA to monitor ques-
tions asked and provide urgent intervention when needed,
rather than receiving strictly VA-based feedback.
Caregivers also expressed that connecting a VA to a
trusted provider or hospital system could also help them
to trust the VA system and place more value on its
answers. Finally, they expressed a potential point of frustra-
tion if the VA’s response or health advice comes from
advertised or unreliable webpages:

If you scroll at the very top... [reads opening message of
prototype VA app], that helped me realize that they know
this hospital and they’re aware of the resources that are
available there... Caregiver #6

...let them know like these are from trusted places; websites
or facilities, studies... I think that will be very helpful
because then it will put you guys separate from a general
place we will go for other questions. Caregiver #9

As long as they [VA answers] were [using] reliable sources,
you know, like cancer organizations or making sure it’s like
an org or something, or like the hospital websites versus...
not like a [blog] answer. Caregiver #7
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In line with that, endorsement or ownership of a VA by
known health institutions was perceived to be a trust build-
ing indicator toward adopting, building trust, and using VA
for personal health. Specifically, caregivers indicated the
importance of displaying affiliations, logos, and titles
from established organizations and healthcare systems.

When you’re using this type of medium and you’re putting
[hospital logo] on here, I'm going to immediately trust this
as a reputable resource for my family’s medical inquiries.
Caregiver #4

If I have a dedicated resource that I know I trust by putting
that name [points at hospital name & logo] on there, I think
it [the VA] can go a long way. Caregiver #8

In terms of security, caregivers would rather log into an
app or service than use publicly available VAs. Caregivers
wanted the flexibility to discuss health-related problems
without having to worry about how the conversational
data is handled, highlighting the need for a trustworthy
VA system.

This [could] be like a secure kind of app that you could just
like, log into once and then [use], versus [having] to log into
[patient’s electronic health record portal]. Caregiver #10

Caregivers also expressed that VAs need to use ethical
practices, providing disclosures on its capabilities and
knowledge expertise at the start of a conversation, and
also indicating when a question warrants medical, rather
than VA, consultation. Beyond low-risk question, such as
benign symptoms, VAs were expected to clearly direct
users when noticed as urgent cases. Additionally, some
caregivers indicated that VAs could build trust via conver-
sations, particularly in how it responds and guides high-risk
cases:

[My child] had bad cramps in [their] feet and legs. My first
thought was, ‘Oh, is the cancer back?’ because it started
from a limb. [sighs] I googled it and found it was actually
very normal; they’re growing pains, so I just monitored it
and know when to reach out to my physician. Caregiver #1

‘When should I consult my doctor about a fever?” And then
it could respond, ‘if the fever is 100.4 or more, you should
contact your physician immediately’. Caregiver #10

Minor themes

We observed slight differences in responses based on geo-
graphic residence (metropolitan, rural/Appalachian, rural,
Appalachian). For instance, caregivers from metropolitan
areas focused mostly on access to information,

documentation, and tracking treatment symptoms via tech-
nology. Caregivers from rural or Appalachian regions
focused mostly on the convenience and accessibility side
of technology. We also observed that caregivers from
rural and Appalachian caregivers expressed more reliance
on technology as a learning tool as compared to those
from Metropolitan areas to facilitate communication with
their healthcare team.

Overall, the qualitative findings suggest that the
strengths of VAs include convenience, accessibility, and
delivering relevant, niche information. Caregivers appreci-
ate tools like reminders, quick retrieval of credible answers,
multi-modal interaction (voice and text), and features like
search history. Personalized responses, multi-language
support, and affiliation with trusted healthcare institutions
build trust and reduce search fatigue. However, the weak-
nesses include limited ability to handle complex conversa-
tions, potential reliance on unverified sources, and privacy
concerns. Furthermore, difficulty simplifying medical
terms, impracticality in certain contexts, like quiet environ-
ments, and the lack of the empathetic responses were also
noted as weaknesses.

VA engagement analysis

We analyzed participant interaction and engagement data
(VA responses) to evaluate response readability and cor-
rectness. The VA responses (14 interactions or session,
and in total 24 responses) were found readable at a high
school level and contained minimal complex
terminology.VA interactions were brief, with users rarely
asking follow-up questions. Most responses were accurate
(87.5%, 21/24), with a low hallucination rate (12.5%, 3/
24). Notably, inaccuracies occurred in mathematical rea-
soning and legal guidance, reflecting limitations of LLMs.
Full details, including measures and examples, are provided
in Appendix C.

Discussion

Limited access to early intervention and related information
for caregivers, particularly in rural and Appalachian areas,
exacerbates recovery processes that could otherwise be
mitigated with timely treatment. We investigated VA
engagement with caregivers to explore the technology’s
potential to bridge the knowledge accessibility gap while
supporting marginalized communities. More specifically,
this study provides critical insights into the perceptions of
caregivers of YCCS regarding the use of VAs for health
information seeking and care management. Overall, the
findings further emphasize the potential of VAs to meet
the information needs of these caregivers, particularly in
underserved communities, by offering a convenient, perso-
nalized, and reliable source of support.
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A common challenge expressed by caregivers was diffi-
culty seeking and accessing reliable health information
online, often experiencing frustration and exhaustion from
extensive searching. Such an experience has other care-
givers and patients using digital health technologies (e.g.,
mHealth apps, patient portals).”” Furthermore, difficulties
navigating online health information are well-
documented.>® In our study, caregivers valued the potential
of VAs to provide quick, and ideally reliable answers,
thereby reducing their cognitive and emotional burden.
Still, in the current state of commercial VAs, the literature
reports mixed evidence on their utility and reliability.>®
Misinformation has been a risk factor, especially for
online health information seeking.éo’61 Therefore, the role
of VAs in alleviating these challenges by filtering out less
credible sources and providing immediate responses, pro-
vides an efficient means to access accurate and evidence-
based information.°> With a healthcare information data-
base for pediatric oncology, which we developed as a
proof-of-concept for this study, specialized VAs may
have a role in the digital health ecosystem to improve the
efficiency and effectiveness of health information seeking
for caregivers.®>%*

Different caregiver preferences regarding interaction
with VAs (including speech-only, text-only, and a combin-
ation of both modalities) highlighted the expected flexibility
from VAs to adapt to different contexts, such as using voice
commands when hands-free interaction is needed or text-
based interaction during quiet times (e.g., when the
patient is resting). Adaptive modality to engage with
digital health tools has been a common theme among care-
givers of children with special healthcare needs.®>®® The
ability of VAs to switch between modalities based on
user context may further contribute to user experience and
satisfaction.%”-%® Therefore, the capabilities of VAs outlined
in our study suggest the need for intelligent systems that
support continuity in information seeking. To fit within
the digital ecosystem of caregivers, such preferences
should be integrated into VAs for care support. This
finding is consistent with other populations with healthcare
needs, who used conversational agents in patient care and
remote care.®

In line with caregiver preferences, the importance of per-
sonalization was highlighted, such as receiving specific,
evidence-based content from VAs, particularly related to
educational, therapeutic, neurodevelopmental, and
treatment-based information. Earlier studies show align-
ment with our findings with other digital health technolo-
gies, such as mobile apps for cancer education,
therapeutics, and neurodevelopmental interventions.”®”!
We found that these needs remain similar to those of
other VAs. However, more personalization is required
given the desire for highly specific and reliable health
information, similar to studies on digital health
interventions.”*”*

Recent advancements in artificial intelligence and LLMs
indicate an increasing ability for VAs to provide tailored
information based on individual queries, which might be
instrumental to address core needs for personalization.’*
This technology also introduces risks to information deliv-
ery, including misinformation, misguidance, and hallucina-
tions, which can reduce the accuracy and perceived trust to
the technology (please see Appendix C for post-study VA
response analysis). To mitigate such cases, we may
further employ: (1) ensemble models,” which combine
outputs from multiple specialized models or retrieval
methods to ensure diverse perspectives and consensus-
based accuracy; (2) context validation’® approaches to
cross-check retrieved information against the user query
to confirm relevance before synthesis; (3) fallback mechan-
isms’’ to handle low-confidence scenarios by prompting
clarification or acknowledging knowledge gaps; (4) a user
feedback loop’® allows users to flag inaccuracies, and train-
ing on these flagged cases enables the system to iteratively
improve its performance over time.”’

Similar to user perceptions toward other digital health
tools, trust and confidentiality has been an emerging
concern, and therefore, it has been crucial to caregivers’
adoption of VAs.®*®! Caregivers expressed a preference
for secure and confidential interactions, ideally through a
dedicated system, which is consistent with literature on
the use of patient portals®*** and health information tech-
nology.®* Moreover, the trust factor emerged as a multifa-
ceted construct that identified expectations including data
security, source credibility, and ethical implementa-
tions.®>*® Therefore, trust in VA may require further
investigation.

Considering the residential differences, the literature
suggests a potential disparity in digital health technology
access and use among rural and Appalachian popula-
tions.®”® Specifically, caregivers that live closer to major
healthcare systems in metropolitan areas may have more
opportunities to learn and organize general knowledge
about oncology directly from their oncology specialists
than those in rural and Appalachian regions who may
have less access to specialized healthcare.”® In our study
with a limited sample size, we observed minimal differ-
ences among groups in their health-seeking attitudes and
preferences for interacting with a VA. This suggests the
need for further investigation of both groups to understand
the needs and expectations of VA in patient care and how
those might differ based on access to care.

Clinical implications

Our study suggests that caregivers of YCCS are largely
open-minded and optimistic about the potential utility of
VAs as they seek information and resources about their
child’s oncology care, including treatment options and
management of emerging late effects. Caregivers suggested



https://journals.sagepub.com/doi/suppl/10.1177/20552076251326160

10

DIGITAL HEALTH

in retrospect that VAs may have been useful when their
child was in active treatment to identify common side
effects of medications or to track symptoms over time.
Therefore, VAs might be an effective clinical communica-
tion tool for providers.?® With future refinement and clinical
validation, VAs might also facilitate early detection of late
effects, such as prompting caregivers to track developmen-
tal milestones, which could then be flagged based on guide-
lines for further clinical assessment by a child’s healthcare
provider. If medical or developmental needs are identified,
VAs could also assist in streamlining referrals to relevant
local resources based on where the family lives and wait-
lists, which may reduce provider and family burden.
These advances could be particularly important in the
context of families with limited access to integrated psycho-
social and developmental care in less resourced areas, yet
ongoing barriers to implementation, as previously identi-
fied, include liability, regulation, security, and privacy for
VA and other technology solutions.

Practical and ethical implications

Underserved communities’ access to essential technology
and infrastructure (e.g., Wi-Fi, cellular hotspots, and other
information technologies) remains inequitable.”’ To
ensure VAs benefit all users, it is crucial to address these
disparities. Integrating the knowledge and familiarity of
underserved communities with VA functionality will
present challenges during implementation. This requires a
strategic approach to ensure adoption, accessibility, and
maintenance, regardless of personal or educational back-
grounds. For instance, involving community partners in
the design process and incorporating culturally relevant fea-
tures can help foster trust and encourage sustained use.’”

Ethical considerations for VAs as digital health tools
demand careful attention. Beyond building trust, caregivers
may place excessive trust in VA guidance without consult-
ing medical professionals, amplifying the risk of misinfor-
mation, particularly in underserved communities. As
aforementioned, the potential for “hallucinations” or inac-
curacies in VAs could worsen healthcare disparities and
erode trust. Encountering such issues may deter users, espe-
cially in communities with a history of distrust in healthcare
systems. Promoting transparency about how VAs process
information, highlighting their limitations, and providing
user education are essential strategies for building trust
and mitigating these risks.”

The responsibility to design and deploy digital health
tools equitably lies with developers, policymakers, care
teams, and healthcare providers. They must verify health
guidance accuracy and address community-specific con-
cerns to build trust.** Caregivers may inadvertently share
personal health information with VAs, so conversations
must be securely stored with explicit user consent. Robust
data protection measures, including end-to-end encryption

and privacy-by-design principles, are necessary to safe-
guard user information. Developers should also offer
tools for users to manage their data, such as deleting or
anonymizing information as needed. Furthermore, care-
givers may over-rely on VAs in critical healthcare scen-
arios, underscoring the need for fallback systems. These
systems should include clear escalation protocols, such as
connecting users to emergency services or human health-
care providers, to address the VA’s limitations in handling
urgent or complex situations.”*

Limitations

While this study provides insights into the perceptions of
caregivers, several limitations must be acknowledged.
One notable limitation is the potential bias in our sample.
The caregivers who agreed to participate were part of an
ongoing virtual Community Advisory Board (CAB) and
may already be technologically inclined, which could
skew the results toward a more favorable view of VAs.
None of the caregivers expressed strong negative percep-
tions of VAs, which might not fully represent the broader
population of caregivers who may be less familiar or
uncomfortable with technology. Additionally, the sample
included few caregivers from racially and ethnically mar-
ginalized backgrounds, limiting the generalizability of our
findings across diverse populations. The study also
focused solely on caregivers. Future work should gather
healthcare provider perspectives regarding the utilization
of VAs and directly test the clinical accuracy of the infor-
mation provided with VAs in the pediatric oncology
context. While qualitative methods are effective for explor-
ing in-depth perceptions and experiences, they do not
provide the same level of generalizability as quantitative
or mixed-method approaches. Furthermore, the potential
for social desirability bias exists, as participants may have
provided responses they believed were expected or favor-
able rather than their true feelings and experiences. The
interaction period with the VA prototype was relatively
short, which may have limited the depth of insights
gained regarding long-term use and utility. Future work
with extended interactions over a longer period could
provide more detailed information on the practicality and
effectiveness of VAs in supporting caregivers.

We presented preliminary evidence of the utility of VAs
in supporting caregivers, and a preliminary understanding
of the behaviors and needs of caregivers. These findings
are relevant to policymakers and healthcare practitioners,
enabling them to make informed decisions while incorpor-
ating VAs into health communication strategies, and under-
standing how perceptions might differ in these
communities. This effort can lead to the effective tailoring
of existing public health programs to integrate digital plat-
forms. The preliminary findings from this study will further
serve as a critical basis for future research, development,
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and pilot testing of VA-based systems designed to meet the
specialized needs of families of pediatric cancer patients
and other clinical and chronic conditions.

Conclusions

This study highlights the potential of VAs to support care-
givers of YCCS, particularly in underserved communities,
by providing personalized and accessible health informa-
tion. To improve VA systems, developers should focus
on addressing known limitations, such as vague responses
and limited capacity for handling critical scenarios,
through enhancements like fallback mechanisms, user feed-
back loops, and adaptive multimodal engagement.
Strengthening privacy and security measures, including
end-to-end encryption and robust consent processes, is
crucial for safeguarding user information. Future research
should involve large-scale validation and long-term
studies to assess the sustained impact of VAs on caregiver
well-being and patient outcomes. Expanding research to
include diverse populations and evaluating VA integration
into clinical workflows will further ensure these tools
effectively address the needs of all users equitably.
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