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Abstract

Background: Children and young people with cancer face barriers when engaging with exercise,
such as treatment-related side effects, psychosocial burdens and lack of individualised provisions.
Digital health tools, such as smartphone applications, have emerged as a promising driver to support
healthcare provisions in exercise prescription among patients. It is vital to explore how such
technologies can be developed more effectively in order to strengthen the evidence supporting
their use and for more appropriate implementation within healthcare. This study aims to explore
user experiences, preferences and suggested improvements from healthy children and young
people aged 9-2| years. Methods: An augmented reality (AR) application was specifically de-
veloped for children and young people aged 9-21 years undergoing cancer treatment and a protocol
for a pilot study was designed. The target sample of this pilot study is 90 healthy children and young
people aged 9-21 years. Practical 30-min workshops will be conducted encouraging participants to
engage with the smartphone app. Focus groups will explore participant experiences, preferences,
and suggested improvements. Data will be analysed deductively with apriori themes derived from
the semi-structured interviews. Discussion: Obtaining user experiences, preferences and sug-
gested improvements is especially important for the development of novel apps, such as those
prescribing exercise and using algorithms and augmented reality software. Results from this study
will directly influence the development of an augmented reality application, which will also be
applied within a long-term trial in paediatric oncology.

Keywords
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Introduction

Within society, it is now widely accepted that mobile phones are a ubiquitous commodity.' > As a
result, there has been a noticeable rise in the prevalence of mobile health (mHealth) focused in-
terventions, with almost 83% of clinicians now using smart devices or medical apps.* The pro-
liferation of mHealth technology has aided the development of smart apps as an effective medium
for the delivery of digital health in several long-term health conditions such as asthma,” mental
health conditions,’ obesity,” and cancer.® mHealth, and more specifically digital health provisions,
are continuing to gain traction as a contextually appropriate and accessible way to improve health-
related behaviours for young people living with chronic diseases.” "

Moreover, the emerging role of mHealth within cancer treatment is notable'? with adherence
and access to preoperative rehabilitation and rehabilitation considered the largest barriers for
people suffering from the disease.'® Paediatric oncology is also emerging as a focus within
mHealth research,'*'* often highlighting that paediatric populations undergoing cancer treatment
have significantly lower health-related quality of life outcomes than other long-term health
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conditions populations.'® Exercise has been shown to increase health related quality of life,
strength and aerobic fitness and decrease fatigue.!” However, paediatric oncology patients report
additional barriers to exercise when compared to healthy age matched peers, such as fatigue, fear
of injury, overprotective attitudes and lack of provisions in clinical and community settings.'®'* A
reduction in physical activity (PA) levels are almost always observed in childhood cancer
patients,”® ?* with safety concerns surrounding PA persisting into survivorship.>® These chal-
lenges have been exacerbated in recent years by the COVID-19 pandemic. In many cases, by
immunocompromised children have faced stricter levels of precaution and constraints including
longer periods of isolation, a greater lack of physical education resulting from school closures and
the sudden termination of community-based exercise provisions.'* Due to these particular barriers
it is increasingly important to consider different mediums to deliver health-related behaviour
change interventions.

Current literature has explored different tools for mHealth within paediatric rehabilitation** and
paediatric oncology rehabilitation,” both with limited evidence of effectiveness. The main driver
for digital health within the field of paediatric oncology exercise rehabilitation is cited as a lack of
training and knowledge among healthcare professionals, such as nurses*® to promote exercise
participation. The development of a digital health that uses algorithmic prescription methodology
could present a significant cost saving to health services.?’

Previous work has highlighted that children and young people spend much of their time on
screen-based activities,”®° with increases in total and leisure screen time observed during the
COVID-19 pandemic.*® However, user adherence and motivation to engage with mHealth has still
been found to be low.? Existing suggestions for reducing the lack of adherence within oncology
include elements of gamification to digital health solutions.*' These have included, but not limited
to; virtual reality®” as well as tracking and progression charts®* also implemented within mobile
devices, such as in the form of smartphone applications (i.e. apps). Other literature has suggested the
development of avatars to be an effective gamification technique to improve young people user
adherence to a digital tool.**~ Literature has also suggested that Augmented Reality (AR) can be an
effective mode of delivery for mHealth interventions®® such as when implemented within
smartphone apps.

Challenges while developing technology within child health (i.e., the present AR app and its
exercise prescription algorithm) need solutions.?” It is imperative to explore functionality and
usability prior to assessing contextual user experiences and performance when implemented
among paediatric oncology patients. Evidence has highlighted the difficulty of comparing healthy
children with clinical immunocompromised peers who face stricter levels of precaution and
constraints.>® Nevertheless, it has been shown that healthy age-compatible peers have been
successfully compared, for example, in several studies of social functioning,*”*** and healthy
peers are expected to provide comparable and meaningful insights into general user experience
and functionality.

Therefore, the current study aims to explore healthy user’s feedback of a smartphone app using
an AR avatar to develop more effective technologies aiming to prescribe a structured exercise
rehabilitation programme for paediatric oncology patients undergoing treatment.

Methods

The AR app to be tested in the described pilot study is novel and has been developed specifically for
this research, as no other comparable apps are currently commercially available. Therefore, a
comprehensive overview of the app development process as well as the design and functionality of
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the app is provided below. This work was supported by Horizon 2020, the European Union’s
research and innovation programme, as part of grant agreement no. 945153. This reflects only the
author’s view, and the European Commission is not responsible for any use that may be made of the
information it contains.

For the reporting of methods to be applied within the pilot study, the 32-item Consolidated
Criteria for Reporting Qualitative Research (COREQ) checklist will be used.*!

AR app development

Development process. The AR app was specifically developed for children and young people aged 9-
21 years undergoing cancer treatment. However, for the previous AR app evaluation the present
study will be carried out in healthy children and young people. The app’s main functionality is to
support the performance of exercise sessions to promote physical and mental health via an algorithm
prescribing exercise. During the development process, an interdisciplinary team of software de-
velopers, academics specialising in digital health and exercise professionals in paediatric oncology
collaborated to design a child-friendly and user-centred app. Due to previous concerns with data
protection and privacy within digital health tools,** the app was designed to operate offline.

Initially, the development process consisted of an exploration of existing mobile apps supporting
exercise performance for children and young people, followed by an assessment of user needs
within the target population. This included the following factors for consideration within the
exercise prescription algorithm: user mental and physical health parameters, including fatigue and
physical capability. Following this, an initial algorithm structure was generated and initial theo-
retical testing performed (i.e. confirmation of logical flow within the algorithm). As the app was
planned to be used both during intensive treatment and during aftercare/maintenance treatment
phases, the algorithm was then split into two separate functions. This process allowed for the
specific parameters of the respective treatment phases, such as treatment schedule, clinician support
and predicted physical and mental capabilities of users, to be considered. Several personas were
designed to test the suitability of the algorithm for the two treatment phases*® to ensure user input
appropriately informed algorithm functionality and the respective exercise prescription was deemed
safe and effective by the paediatric oncology exercise professionals.

App design and functionality

The AR app enables the user to perform strength-based exercise sessions with animated avatars in an
AR setting. The virtual avatar performs the respective exercises on the screen of the device whilst
the participant follows the prescribed workout. The app uses the above-mentioned algorithm to
select or exclude exercises as well as generate the exercise prescription (volume and intensity) based
on the input provided by a trained exercise professional and study participant. To enable the al-
gorithm to accurately prescribe exercise, it was programmed to include initial on-boarding
questionnaires to be completed by an exercise professional and the app user. This process also
involves a low-level functional test performed by the user. The algorithm is programmed to adapt
the exercise prescription based on the user’s input, with rest days recommended should participation
not be deemed safe or appropriate (e.g. due to recent hospital treatment, new infection or pain
symptoms). Figure 1 demonstrates an overview of the on-boarding process for the aftercare/
maintenance treatment functionality within the app, which was used during testing as part of this
current study.
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y

‘How do you feel today’ check
(5-emoji answer scale, ‘| feel great to 'l don't feel good’)

Figure |. App onboarding process for aftercare/maintenance treatment functionality.

As the app was designed to be operated independently by users as well as those with potentially
limited experience of engaging with digital health tools, a clean layout and clear colour, font and
image options were chosen. Figure 2 contains a set of example screens from the app’s maintenance/
aftercare treatment functionality.

Recruitment and setting

Participants will be selected using convenience sampling. Participants are eligible if they are in year
4, five or six of primary school (ages 8-11), year 7, eight or 9 (ages 11-14) or sixth form within
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Figure 2. App onboarding example screens. (a) Welcome screen, (b) age selection, (c) avatar selection, (d)
questionnaire example screen, (e) pre-exercise checklist, (f) fitness test.
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secondary school (ages 16-18) or if they are year 1, two or three undergraduate students (ages 19-
21). Participants also have to speak sufficient English to understand and engage with written and
verbal instruction and will be able to take part in 30 min of low to moderate bodyweight exercises.
All children and young people fulfilling the eligibility criteria and wishing to participate in the study,
will be included. The eligibility criteria are gathered in Table 1.

The primary and secondary school have had previous contact with the research team, however
had not previously been involved with any research projects. The University that will be used for the
recruitment of young adults was the employing university of staff conducting this study. None of the
recruited participants will have had any previous engagement with or experience of the augmented
reality app. During the recruitment process for primary school age participants, the team will be in
contact with the relevant school and teachers providing potential participants with study infor-
mation. For secondary school age participants, visits to the school will take place in order to speak to
potential participants about the study aims and process of taking part in the workshops and focus
groups. During the recruitment of university students, the team will attend a sample of lectures from
modules in which the identified cohort will be attending to provide study information. It will be
reiterated that participation is voluntary and not a requirement of their academic course. One
member of the team has been specifically selected for this role as they are not involved in any
assessments, supervision or academic advising of students within the relevant cohort. Modules that
are not currently led by any member of staff within the research team will be selected for student
recruitment.

Potential participants will be handed information sheets, consent forms and data privacy notes to
support their consideration of taking part in the study. For participants under the age of 16,
participant assent and parent/guardian consent will be sought, with only direct participant consent
sought for participants aged 16 and over. All participants will have at least 48 h to consider their
participation and will be given contact details of one of the researchers in case they have any
questions or concerns. Only participants/guardians that provided valid written consent participated
in the study.

The table below contains an overview of the target participant numbers per recruited year
group. The selection of an appropriate number of focus groups for qualitative studies has often been
a topic for debate, with no clear and consistent guidance in place and varying explanations within
the literature for justifying the specific number of groups used.** However, it has been proposed that
the number of focus groups needed depends on a variety of factors, such as the purpose of the study,
the type of expected findings, group stratification as well as type and degree of saturation.** In the
present study, the purpose of the study will be to identify key elements for positive user experience
and to highlight practical suggestions for incorporating user preferences. In addition, the type of
codes herein will be more explicit, with a focus on code saturation over meaning saturation.
Moreover, focus groups will be stratified by year groups within the individual recruitment

Table I. Eligibility criteria.

Children and young people in

- Years 4, 5, 6, 7, 8, 9 of primary school and secondary school, aged 8-14 years old

- Sixth form in secondary school, aged 16-18 years old

- University, aged 19 to 21| years old

Proficient in the English language

Able to take part in a session up to 30 min of low-moderate intensity body weight exercises
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institutions. Thus, a smaller number of focus groups is expected to be sufficient to address the study
aims whilst also considering recruitment feasibility and reducing unnecessary participant burden
(i.e., recruiting more participants than necessary to fulfil the study aims).* The target participant
numbers per institution are shown in Table 2.

Data collection

To obtain user feedback on the functionality and design of the app as well as suggested im-
provements, workshops and focus group discussions will be conducted. During the workshops,
participants will use the intensive phase functionality of the app. For the purpose of this explorative
study of a novel app, healthy participants will be used. Research Assistants with comprehensive
experience of working with children and young people and skilled in qualitative data collection, will
facilitate all workshops and focus groups. For the workshops, both research assistants will complete
the non-user facing onboarding process to ensure participants can engage with the main features of
the app, regardless of their lack of cancer diagnosis. This will include pre-selecting the following: all
body parts can be exercised; users will not exclusively exercise sitting down; users do not have a
prosthetic limb; users do not suffer from peripheral neuropathy. The phone will then be passed on to
the respective participants, who will click through the user-facing on-boarding process shown in
Figure 1. Following this, participants will engage with the prescribed exercise session and sub-
sequent follow-up questionnaire which includes a Rating of Perceived Exertion scale.

Workshops and focus groups will be scheduled to each last up to 30 min. This is to ensure the
study can be conducted with minimal interruption to school and university teaching schedules. One
research assistant will lead the workshop sessions, with his/her colleague present to facilitate. For
the focus groups, a semi-structured interview guide will be used. The questions are included in
Table 3. All discussions will be audio recorded using two devices: dictaphone and mobile phone.
Participants will be informed of the purpose of this process.

At the beginning of the individual workshops, participants will be receiving information about
what the app is designed to do and who the target group is as well as informed that both research
assistants had contributed to the development of the AR app. Participants will be actively en-
couraged to provide honest reflections on their impressions of the AR app to reduce social de-
sirability and acquiescence bias. Participants will be reassured by the researchers that all feedback is
valuable and will be taken on board during the subsequent development of app updates. During the
recruitment and data collection process, a rapport will be established with potential participants to
facilitate their involvement. As the aims of this research rely upon honest and open feedback on the
AR app, whilst limiting pressure to respond favourably, the study team will focus on an informal and
collegiate report between both research assistants and all potential participants.

Table 2. Target participant numbers per institution.

Institution N
Primary school (year groups 4-6, ages 8-11) 25
Secondary school (year groups 7-9, ages 12-14) 25
Sixth form of secondary school (year Group 12-13, ages 16-18) 25
University students (ages 18-21) I5
Total 90

N = target number of participants.
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Table 3. Semi-structured interview guide for focus groups.

Topic Guiding questions
Smartphone application What are your thoughts on using a smartphone app to help you do exercise?
perceptions How do you feel about using an augmented reality app to support you to be

more active?!
Which part of the app do you feel would help you the most in doing more

exercise?
Exercise selection and Which exercises do you remember from the app?
prescription What did you think about the exercises that were selected for you?

What do you think children who are your age (or younger or older) would
think about these exercises?
Augmented reality avatar What did you think about the avatar?
experiences How did you find the avatar’s demonstrations?
Were there any problems with the avatar whilst you were using the app?
App usability How do you feel about the phone we gave you for using the app?
How did you find using the tripod that held the phone whilst you were
exercising?
Do you feel that the equipment you were using affected your experience in any
way?
How did you find answering the questionnaire questions on the phone?
Suggestions for improvement How do you think the app could be improved?
How else do you think we could help you be more active and do more
exercise!

Data analysis

As methodological orientation, a descriptive approach will be applied, with a focus on data col-
lection that fosters an open environment allowing participants to honestly and authentically share
their perceptions of using an app for PA, exercise selection and prescription, experiences of using an
AR avatar, usability of the app, and suggestions for improvement. Firstly, audio recordings of all
focus groups will be transcribed using edited transcription. Due to the participants’ age, it is
expected that some may re-start sentences multiple times as well as frequently use filler words and
non-verbal communication. Non-verbal communication, gestures and facial expressions are not
expected to significantly contribute to or influence the perception of the participants’ responses in
this study. Thus, edited transcription is expected to be most suitable to maintain full meaning, whilst
simultaneously editing the transcripts to a degree that facilitates subsequent analysis. To ensure
familiarisation with the content, all focus groups will be transcribed manually, without the use of an
external transcription service or software. Transcripts will be read and re-read multiple times during
the analysis process.

Edited transcriptions will be printed into paper format, with the researchers collaboratively
conducting the coding process. In the present study, data will be explored and coded using
qualitative content analysis with a combination of techniques adapted from two approaches*®*%: (1)
the deductive category application, which uses a prior formulated coding framework based on
theory or empirical literature for analysis; and (2) the inductive category formation, which focuses
on developing codes coming from the data material itself. Initially, data will be coded deductively
deriving from the semi-structured interview guide: hardware user experience, app interface, app
design, AR functionality, avatar design, exercise prescription, questionnaire completion, perceived
benefits. In a second step, all remaining quotes will be reviewed and coded inductively. Inter-coder
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conversations will be held to discuss potential development of new categories from inductively
coded comments or how these may fit within existing categories through establishing their explicit
meaning.

For ensuring trustworthiness of the data collection and analysis processes, the study team will
consider credibility, transferability, dependability and confirmability.** To ensure credibility, the
present study will employ well-established methods for data collection and analysis, with specific
protocols in place such as the use of consistent semi-structured interview guides, as well as use
random sampling of participants from the respective institutions to ensure complete voluntary and
un-coerced participation. Moreover, continued feedback and collaborative discussions will occur
within the research team. Regarding transferability and dependability of data, the focus will be on
providing thick descriptions and a comprehensive account of participant characteristics important
for contextualising any resulting findings. This will allow other researchers to interpret data within
its given context and transfer it to their own if applicable. To enhance confirmability of data, detailed
descriptions of the applied methodology will be provided, its limitations, and their potential impact
acknowledged.*

Discussion

This study will be among the first globally to explore user experiences, preferences and suggested
improvements of a mobile AR app that uses algorithmic technology to prescribe exercise for
childhood cancer patients and survivors. As healthcare systems are increasingly burdened, the use of
mHealth to support digital health within clinical practice presents a unique opportunity for in-
creasing access and cost savings,”® while overcoming clinician time restraints and geographic
barriers.”’ It is worth highlighting that the digitalisation of exercise interventions for long-term
health conditions populations is a subject still little explored, however, digital interventions may
provide an opportunity to supplement in-person interventions and act as a valuable adjunct to
clinical care.”® Digital interventions are scalable interventions that may increase accessibility for
more individuals when compared to face-to-face interventions that are often limited by a reduced
instructor to participant ratio.”® The use of mHealth interventions may be of particular importance
for a UK model of care as there is currently an overwhelming lack of PA provisions both within
clinical and community settings for families affected by cancer.'®'® The development and im-
plementation of such technologies is a promising prospect, however, there are significant com-
plexities and challenges with regard to recruitment and engagement of patient groups and effective
implementation.>* A user-centred approach is recommended to ensure that preferences and needs
are incorporated into mHealth tools.'®

The availability of commercial mHealth apps has increased over recent years, with a peak during
the COVID-19 pandemic in early 2021. Currently, there are 52,406 mHealth apps available in the
Apple App Store”> with 54,603 available in the Google Play Store.>® Research has also increasingly
focused on evaluating such apps, with 1712 papers published since 2000 focusing on mHealth and
eHealth interventions related to PA, sedentary behaviour and diet.”” Specifically, over 500 have
been published exploring the use of gamification/games or mobile apps/smartphones.’” Despite
such apps being widely available and widely researched, gaps in the literature remain. It has been
established that when evaluating mHealth tools such as apps, appropriate methodologies need to be
chosen in line with the respective evaluation aims.”® Existing research evaluating app interventions
has mainly focused on assessing usage logs or employing questionnaires.’® Few studies used
interviews or focus groups, which are vital for obtaining in-depth qualitative data on user expe-
riences and suggested improvements, especially during the early stages of development.’”
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Therefore, the current study will provide vital evidence to progress current trends in app devel-
opment for clinical populations, such as cancer patients.

As the proposed study involves the evaluation of a novel app, it is crucial to perform usability
testing in controlled laboratory conditions before assessing its commercial use and efficacy on a
wider scale.’® As part of this methodological approach, supervised use of the app (e.g., in the form
of workshops) followed by gathering data exploring user experiences is deemed appropriate. It has
been recognised that a variety of users from different population groups should be involved in the
evaluation of user-centred mHealth tools.®” It has also been recommended that applying meth-
odologies focused on more controlled environments (i.e. testing an app in a laboratory setting) is a
useful process, prior to allowing users to test the app in daily life.®

As this study involves children and young people, using qualitative methods to explore their
views and preferences on the app interface and its functions will be crucial to obtain in-depth data as
well as leave room for unintended or unexpected results to be discussed. Considering the young age
of primary school children and their potentially limited experience of using a smartphone app, the
current study methodology allows for some variation and flexibility that prioritises the collection of
meaningful data over standardisation across the different age groups.(’0 Data gathered as part of this
study will be used to directly inform future development of the app and is also expected to contribute
to advancing the empirical evidence base used for the design of future health-related apps, within
both adult and paediatric care.

Limitations

In this formative study, age-matched, healthy participants will be used. This is, in part, due to the
complexity of recruiting immunocompromised individuals in a group setting. While feedback on
the app’s functionality is expected to be comparable between cancer patients and healthy age
matched peers, there may be differences in the usability of the app between these two populations. It
is acknowledged that paediatric cancer patients will have a unique intention and motivation in
regard to being physically active, whilst also having specific physical and cognitive performance
needs and preferences. Whilst the app’s onboarding process (see Figures 1 and 2) is specific to
cancer patients, and its components thus more familiar to this population, the main aims of this study
were to explore the functionality and usability of the app with a focus on the user experience of
navigation, layout, instructions, and AR exercise demonstrations. It is expected that informing
participants in this study of the discrepancy between their own experiences and the relevance of
certain features for paediatric oncology patients will allow for meaningful insights into user ex-
periences of children and young people. It has been suggested that it is particularly important to
ensure current developments in digital health are relevant to the target user groups, such as cancer
patients. Users who see the relevance of such tools within their treatment pathways are expected to
be more likely to engage with these technologies, for example for self-management of their
condition. Moreover, mHealth tools need to be applicable and relevant also within the daily life of its
users,”” further underlining the importance of future user testing with paediatric oncology patients in
a real-world setting.”’

Further, the app is designed for users to engage multiple times per week over the course of weeks
or months, depending on their cancer treatment. Whilst the current study will not investigate the use
of the app over a number of weeks and instead during a one-off workshop, it will provide
foundational data to inform future work focusing on longer term use. Such studies will also allow
exploring longer term adherence and barriers for regular participation, currently not included in the
present study. To better understand the long-term effectiveness of AR apps, changes in behaviour
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(including exercise participation) and health outcomes (including cancer-related fatigue) should be
more closely investigated.

Furthermore, it is also important to consider that user-centred design should extend to other
interest groups, such as families, healthcare professionals and industry partners.®' It is crucial to
include those involved in the multidisciplinary approach within oncology care for optimal inte-
gration of technologies within clinical settings. It is for this reason that the involvement of wider
interest groups should be strongly considered in the early stages of future research and technology
development.

Another limitation is that the onboarding questions are not validated questionnaires, but are
designed specifically for the app; their purpose is not to measure a specific outcome in a validated
way, but rather to elicit answers to a limited number of basic *check-up’ questions. This enables the
algorithm embedded within the application to automatically prescribe tailored exercises.

Conclusions

The findings of this study will provide invaluable information about user experiences, preferences
and suggestions of healthy children and young people to improve an AR app prescribing exercise.
User feedback gathered as part of the current research is important for informing the development of
future mHealth tools such as apps and provides vital insights that can enhance the usability of and
adherence to such tools. It is crucial to conduct user-centred, qualitative studies and use their
findings to strengthen the current empirical evidence base on digital technology used within
healthcare settings. The current study findings will influence future development of the AR app
before this can be scaled up and employed during a longer-term randomised controlled trial in-
volving childhood and young cancer patients.
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