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Executive Summary 

 

Within the WP4 Augmented Reality (AR) App sub-study, all milestones and deliverables have been 

successfully achieved, with six clinical recruiting centres using the AR app to support the FORTE 

individualised exercise programme. The app reached the target participant numbers, with 101 

children, adolescents, and young adults (CAYA) engaging with it during their study participation. The 

AR app supported at-home exercise through personalised training programmes, avatar-led 

demonstrations, an exercise diary, and an adaptive algorithm that tailored exercise prescriptions based 

on user input and health data. 

Clinical teams received structured onboarding, continuous support, and shared resources to facilitate 

recruitment and implementation. CAYA participant feedback (n=46) and from exercise and healthcare 

professionals (EHCPs) (n=31) indicated that the AR app was well received and found to be engaging, 

though some technical issues required addressing, including improvements to diary usability. Both 

groups viewed the app as a valuable complement to, rather than a replacement for, face-to-face 

sessions. Recommendations to enhance engagement included incorporating gamification and avatar 

customisation. The full findings are provided in Annex A.  The manuscript has been published in 

‘Frontiers in Pediatrics’ as part of the research topic ‘Expanding the Horizons of Supportive Care in 

Pediatric Oncology: Integrating Physical Rehabilitation and Nutrition’ (doi: 

https://doi.org/10.3389/fped.2026.1743212). Dissemination activities have extended beyond the 

randomised clinical trial (RCT), including training in using the AR app for teams external to the FORTE 

trial, patient outreach, and public engagement events. The AR app and associated research have been 

showcased through scientific publications, media features, and conference presentations. Future work 

within this work package will focus on the dissemination of results to both scientific and lay 

communities.  
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1 AR App Subproject 

 

1.1 AR app update  

Within WP4, the AR component successfully achieved all planned milestones and deliverables. The 

final version of the AR app was used by six clinical sites, reaching the target participant numbers across 

centres, with teams reporting a total of 101 participants using the AR app at some point during study 

participation. The app was integrated into the wider individualised exercise programme, with 

particular emphasis on supporting at-home exercise. Intervention participants had access to the app 

throughout the intervention period, while control group participants were provided access post-

intervention (i.e. from T1 onwards). Key app features included a personalised exercise programme, AR 

demonstrations delivered by a child-like avatar, and an integrated exercise diary. The aftercare setting 

within the app also includes an algorithm which prescribes appropriate exercises based on the 

information provided by the user (fatigue and activity questionnaires, sit-to-stand fitness test), and an 

exercise/healthcare professional (cancer diagnosis, treatment, contraindications etc). It also takes into 

consideration daily health status to advise the prescribed exercise session as intended, a lower exercise 

load or rest day.  

Participating clinical sites received onboarding training, ongoing support from the WP4 leads through 

monthly WP4 meetings, regular updates, and technical assistance. To facilitate subproject recruitment, 

teams implemented monthly reporting, shared resources, and developed motivational materials. An 

additional clinical site, UKESSEN, was also incorporated into the sub-project. Individual exercise diaries 

were collected by site teams and securely transferred to WP4. Participant feedback was gathered via 

the wider FORTEe half-structured interviews conducted between T1 and T4. Healthcare and exercise 

professionals (EHCPs) involved in the FORTEe trial were invited to complete an online anonymous 

survey exploring their perspectives on the AR app’s setup and implementation. Insights from both 

participant and professional feedback informed a scientific manuscript: “The Use of an Augmented 

Reality App to Support an Exercise Intervention for Children and Young People with Cancer: Perspectives 

of Users and Exercise and Healthcare Professionals in the FORTEe Trial” (Annex A). The manuscript has 

been published in ‘Frontiers in Pediatrics’ (Research topic - Expanding the Horizons of Supportive Care 

in Pediatric Oncology: Integrating Physical Rehabilitation and Nutrition (doi: 

10.3389/fped.2026.1743212).      

Of those that used the AR app, a total of 46 children, adolescents, and young adults (CAYA) provided 

feedback on the AR app during half structured interviews, and 31 EHCPs completed the online survey. 

Both CAYA and EHCPs reported generally positive experiences, finding the AR demonstrations 

https://doi.org/10.3389/fped.2026.1743212
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engaging and the personalised workouts highly valued. However, technical difficulties affecting the 

reliability of AR features were noted, and some aspects, such as the exercise diary, were reported as 

lacking usability. EHCPs highlighted that the app should serve as a complementary tool, rather than a 

replacement for face-to-face sessions (more extensive findings can be found in the attached 

manuscript). Suggestions to enhance the AR app included adding gamification elements and avatar 

customisation. The findings underscore the potential of AR technology to boost exercise engagement 

among CAYA with cancer and highlight opportunities for optimisation. While AR demonstrates promise 

in paediatric oncology care, it is most effective when used alongside in-person exercise interventions. 

Future development should prioritise user-friendly design, personalised experiences, and equitable 

access for young patients and their families. 

In addition to the RCT, we have undertaken a number of dissemination activities. We have arranged 

online training sessions for non-WP4 and non-FORTEe teams on the use of the AR app to broaden use 

of the AR app. These sessions provided guidance to staff from other centres on onboarding procedures 

and app usage, enabling them to trial the app within their own settings. Outreach activities have also 

incorporated the AR app with patient and community groups, including summer activity days for 

children and young people with cancer and science bazaars for the general public. The WP4 team, in 

collaboration with other FORTEe colleagues have also published a peer-reviewed journal article 

presenting the protocol for a pilot study conducted with age-matched peers, which guided the 

development process of the AR app (“The development of an augmented reality application for exercise 

prescription within paediatric oncology: App design and protocol of a pilot study”, published in Sage 

Health Informatics, doi: 10.1177/1460458224128878) (Annex B). In addition, a results paper from this 

work “Exploring User Experiences of an Augmented Reality Smartphone App Prescribing Exercise for 

Children and Young People With Cancer: Results From a Qualitative Study”, doi: 10.2196/76855) has 

been published in JMIR Formative Research (Annex C). 

The development and application of the AR app have also been highlighted through a podcast, news 

articles, and scientific presentations, supporting dissemination to both scientific and lay audiences. 

Ongoing discussions are exploring the future of the app in terms of broader dissemination strategies 

and potential avenues for further development. 
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Background: Mobile health (mHealth) technologies are increasingly used in 

paediatric oncology to promote physical activity, with growing evidence 

supporting their feasibility and effectiveness. Augmented reality (AR) is emerging 

as a promising addition, offering interactive features that may enhance 

participation in exercise for young people. As mHealth tools evolve, 

understanding user experiences and implementation challenges is essential to 

inform wider adoption in healthcare. The FORTEe clinical trial evaluates an 

individualised exercise programme designed for children, adolescents and young 

adults with cancer (CAYA). This sub-study explores the perspectives of CAYA and 

exercise and healthcare professionals involved in delivering the exercise 

intervention (exercise professionals) on the use of a novel AR application (app), 

designed to facilitate home-based exercise as part of the broader intervention. 

Key app features include personalised exercise programmes, AR demonstrations 

using a child-like avatar, and an integrated exercise diary.

Methods: CAYA (9–21 years), and exercise professionals from the FORTEe trial’s 

technology sub-study (six centres) were eligible. To explore experiences and 

perceptions of the AR app, half-structured interviews were conducted with 

CAYA and an anonymous online survey administered to exercise professionals. 

Interview data and open-ended text from survey was analysed using inductive 

qualitative content analysis. Survey data was analysed using descriptive statistics.
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Results: A total of 46 CAYA (mean age 13.6 ± 2.7 years, 39% female) provided 

feedback on the AR app via interviews, and 31 exercise professionals completed 

the survey. CAYA and exercise professionals reported generally positive 

experiences, finding the AR demonstrations novel and engaging. The personalised 

workouts were valued by both groups. However, both groups reported some 

technical difficulties that impacted reliability, and that some features, such as the 

exercise diary, lacked usability. Exercise professionals emphasised the app should 

complement rather than replace face-to-face sessions. To enhance the app 

further, both groups suggested incorporating gamification and avatar customisation.

Conclusion: This study emphasises the potential of AR technology to increase 

engagement in exercise among CAYA and highlights ways to optimise the 

technology. While AR shows promise in paediatric oncology care, it should 

complement in-person exercise interventions. Future development should prioritise 

user-friendly design, personalised approaches, and equal access for young patients.

KEYWORDS

augmented reality, childhood cancer, exercise, exercise oncology, smartphone app

Introduction

Mobile health (mHealth), a subset of electronic health 

(eHealth), is described as a class of health technologies, 

specifically applications that are delivered through mobile and 

often internet-connected communication devices. One of the 

main characteristics of mHealth is the delivery through devices 

that are “tethered” to the user such as smartphones and 

smartwatches (1). The benefits of mHealth interventions, such as 

their accessibility, cost-effectiveness, ability to personalise and 

tailor content, and the capacity to deliver real-time strategies to 

users, have likely contributed to the noticeable increase in their 

prevalence (2). mHealth has been identified as a promising tool 

to promote self-management in long-term health conditions in 

children and adolescents (3). Exercise interventions with mHealth 

components are emerging in paediatric oncology, offering tailored 

exercise programmes that meet participants’ unique health needs 

and demonstrating both feasibility and effectiveness (4). mHealth 

interventional research has shown an enhanced adherence to 

exercise programmes (5), improved symptom monitoring and 

management (6, 7), body mass index (BMI) scores (4), physical 

fitness and body composition (8) and positive behaviour change 

(9). Findings suggest that integrating mHealth tools into standard 

care has been well-received by children and young adults with 

cancer (CAYA) (10), indicating their potential as effective 

adjuncts to standard cancer care pathways.

These developments position mHealth as a promising but 

incomplete solution, particularly for complex, engagement- 

dependent interventions such as exercise in paediatric oncology. 

While healthcare professionals often recognise the potential 

benefits of digital tools, concerns have been raised regarding their 

impact on patient-clinician relationships and long-term 

sustainability (11). Barriers related to infrastructure, training, and 

perceived clinical necessity further underscore that facilitators and 

challenges may vary across different mHealth tools (11). For these 

reasons, alongside evaluating feasibility and acceptability among 

paediatric users, it is critical to consider the perspectives of 

professionals delivering mHealth-supported interventions.

Within the mHealth context more immersive and 

interactive technologies have attracted growing interest. 

Among these, augmented reality (AR) and virtual reality 

(VR) are emerging as potentially transformative technologies 

in healthcare (12). VR involves the use of a specialised 

headset to simulate an environment in which the user is fully 

immersed (12), whereas AR overlays digital information in 

the physical environment, enhancing real-world perception 

and interaction (13). In paediatric oncology VR has shown 

promise, with evidence indicating its potential to reduce 

procedure-related anxiety and pain through immersive 

distraction, particularly when used alongside caregiver 

involvement (14). AR, by contrast, overlays digital elements 

onto real-world environments rather than fully immersing 

the user in a virtual one (15). The differences may be 

particularly relevant for exercise-based interventions as AR 

allows users to interact with their physical surroundings 

while engaging in digital content, whereas VR is associated 

with higher rates of cybersickness, including nausea and 

dizziness (16). Both AR and VR offer unique affordances and 

challenges for exercise interventions and considerations such 

as tolerability, treatment-related side effects and type of 

exercise must be considered when designing interventions.

While general AR applications, such as Pokémon GO, are 

popular among young people, no AR apps, to date, have been 

designed to tailor exercise programmes specifically for CAYA 

undergoing cancer treatment. To fill this gap, an 

interdisciplinary team of software developers, digital health 

academics, and exercise professionals collaborated to create 

an AR smartphone application suitable for CAYA with cancer 

aged 9–21 years old (17). The AR application has been 

designed to use as a supplementary technology alongside an 

individualised 8–10 week personalised exercise programme, as 

part of the FORTEe clinical trial (18). The FORTEe trial is a 

large cross-Europe multi-centre, randomised clinical trial, 

investigating the effects of a personalised exercise 

intervention in children and young people undergoing cancer 

treatment. The purpose of this study is to explore the 

perspectives of both CAYA with cancer and professionals 

involved in delivering the exercise intervention (hereafter 

exercise professionals) regarding use of the novel AR app 

delivered as part of the broader FORTEe clinical trial.
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Methods

Overview

This technology sub-study of the FORTEe trial was conducted 

in six of the 10 trial centres, including one UK centre, two Italian 

centres, and three German centres (Appendix A). This sub-study 

was designed as a qualitative evaluation of user perspectives, 

complemented by supplementary descriptive survey data from 

professionals involved in delivering the exercise intervention.

FORTEe trial design

The FORTEe trial protocol is detailed elsewhere (18) was 

conducted in 10 centres across 7 countries in Europe. The study 

is examining the effects of an individualised exercise programme 

in CAYA (aged 4–21) receiving cancer treatment. The FORTEe 

study, including this sub-study, was approved by the Ethics 

Committee of the Medical Chamber of Rhineland-Palatinate 

(Ref No: 2021- 15904) as well as the local ethic committees of 

all FORTEe trial sites. Trial participants were randomly assigned 

to one of two groups: the exercise group, offered an 

individualised exercise programme over a period of 8–10 weeks, 

and the control group, which received usual care. The exercise 

intervention consisted of face-to-face supervised sessions and 

optional remote supervised sessions.

FORTEe AR app

The AR app was developed for the FORTEe clinical trial to 

enable participants to perform strength and mobility exercises 

with animated avatar demonstrations using AR technology. It 

was specifically designed to enhance engagement, particularly 

outside clinical settings, by delivering personalised workouts 

tailored to participants diverse health and fitness needs. The app 

operates entirely ofEine (both use and data collection), ensuring 

privacy-by-design. The app was developed with two settings: 

intensive treatment phase and aftercare. As the majority of study 

participants used the app in the intensive treatment phase, this 

paper will focus on the “intensive” setting of the app. To 

personalise the app, an exercise professional was required to 

select exercises from a predefined list of 58 exercises, including 

seated variations, categorised into lower body, upper body, and 

core exercises. Each exercise session consisted of a circuit of six 

exercises randomly selected from the pre-selected exercise list. 

The exercise professional selected the number of repetitions 

(1–6) (the number of times to perform a single exercise), and 

sets (1–3) (a group of consecutive repetitions completed without 

rest) to create an individualised exercise programme. Following 

a supervised familiarisation session, designed to ensure 

participants understood the app’s functionality and exercise 

form, participants were encouraged to use the AR app 

independently. Participants were guided through the exercises by 

AR avatar demonstrations. The avatar was designed to be child- 

like in appearance to enhance engagement. A usability study 

was conducted with age-matched children, and their feedback 

was incorporated into subsequent iterations of the app design 

(Marriott et al., 2026 under review). Once the exercise session 

was completed, the participant completed a rate of perceived 

exertion (RPE) scale, and the completed exercise session was 

automatically recorded in the app’s exercise diary. Figure 1

shows a selection of example screens from the app interface. In 

the intensive setting of the app, progression required the 

exercise professional to re-select exercises and adjust the number 

of repetitions and sets. As the app operates ofEine, all 

adjustments were made in person.

Recruitment

FORTEe participants aged 9–21 years enrolled at the six 

centres were invited to use the AR app. Those who agreed were 

provided with a study iPhone, tripod, charging leads to borrow, 

and written instructions to take home. Centres only had a 

limited number of study iPhones to lend to participating CAYA. 

Familiarisation session(s) with each participant were conducted 

prior to use with a FORTEe exercise professional. Participants 

in the intervention group were invited to use the AR app during 

the intervention phase and beyond, whilst the control group 

were invited to use the AR app only once the intervention 

period had concluded. While participants were encouraged by 

the study exercise professionals to use the app, participation was 

optional, and no specific frequency of use was mandated.

Data collection

All study participants were invited to participate in a half- 

structured (semi-structured) interview at multiple time points 

throughout the FORTE trial: baseline (soon after diagnosis) 

(T0), post intervention (T1), and at three follow up assessments 

(T2-T4) (see Figure 2). Interviews were conducted by a member 

of the local FORTEe team, either face to face or over the 

telephone. During the interviews, participants in the 

intervention group were asked about their use of, and 

experiences of the AR app at T1-T4, while those in the control 

group were asked about the app at T2-T4. The interviewer 

followed a set of questions with example prompts (see Appendix 

B) which covered participant perspectives on app design, app 

interface, exercise demonstrations, exercise selection, AR 

technology and the equipment provided. Interviews were 

conducted in the native language of the respective centre. 

Interviews were not audio-recorded, but responses were written 

down by the interviewer and translation to English was then 

undertaken (by researchers within each centre).

Exercise professionals affiliated with FORTEe centres were 

invited to complete an anonymous, web-based survey. 

Invitations were distributed via internal project communication 

channels. The survey was administered towards the end of the 

overall data collection phase of the FORTEe trial. The survey 

tool, developed for this sub-study, comprised closed (n = 12), 

and open-ended (n = 13) items designed to explore key 

implementation components. Topics included perceptions of the 

onboarding process, experiences training other staff, conducting 

familiarisation sessions with study participants, and the 

integration of the AR app as a supplementary training tool 

during supervised exercise sessions. Closed-ended survey 

questions used five-point Likert scale responses (e.g., from 
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“strongly disagree” to “strongly agree”). The survey tool is 

available from the authors on request.

Data analysis

Written records from the CAYA interviews and open- 

ended text from the EHCP survey were analysed separately 

using an inductive content analysis approach (19, 20) Initial 

coding of the responses was conducted independently by two 

researchers (HM and AS) using an inductive approach. 

Following discussion (HM, AS and EW) a coding framework 

was agreed and applied to the data. Codes were then grouped 

into categories which summarised key patterns across the 

dataset. The analysis was descriptive in nature and aimed to 

systematically capture and structure participant perspectives 

rather than to generate theory.

For the survey data, descriptive statistics, including 

percentages, were used to summarise exercise professionals 

responses to each item. No inferential statistics were applied due 

to the exploratory nature of the survey.

Results

Figure 3 illustrates the inclusion of FORTEe participants 

eligible for the AR subproject.

FIGURE 1 

AR app screens (A) exercise selection, (B) Pre-exercise screen, (C) exercise session, (D) RPE scale, (E) exercise diary.
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Table 1 presents the demographic and clinical characteristics 

of CAYA who provided feedback on the app.

Qualitative findings

Experiences are grouped by themes and drawn from 46 CAYA 

who shared their perspectives during the half-structured 

interviews (35 responses at T1, 20 at T2, 5 at T3 and 6 at T4), 

along with open-ended text comments from the exercise 

professionals survey. Although the CAYA data was initially 

analysed by time point and intervention arm, no clear 

differences emerged either longitudinally or between the 

intervention and control groups. The findings are therefore 

presented collectively in the sections that follow. Additionally, 

31 exercise professionals, from the FORTEe consortium, 

provided their feedback on the AR app in a series of open- 

ended questions. Survey responses indicated that these 

professionals had a range of experience with the app, including 

app set up, training other staff members, app onboarding, 

familiarisation sessions with participants, use during 1–1 

sessions and data export. 14 respondents reported not using the 

app themselves, however had seen it being used.

Overall views of the AR app

Most CAYA described the app’s interface and navigation as 

“user friendly” and “simple.” Several CAYA commented 

positively on specific app features. Two noted that the RPE scale 

was a welcome addition, appreciating its use of colours and 

emojis. One CAYA reported that the exercise diary was helpful 

for tracking progress, while another expressed approval of the 

“skip” function, which allowed greater Eexibility in navigating 

the exercise sessions.

FIGURE 2 

Data collection timeline (Neu et al. 2025).

FIGURE 3 

Flowchart of participant inclusion. HSI, half-structured interview; AR, augmented reality.
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68% of exercise professionals (13/19) who had gone through 

the onboarding process found it easy/very easy and all of those 

who had conducted familiarisation sessions (n = 15) reported 

finding it easy/very easy. Exercise professionals consistently 

described the app as “self-explanatory” and “easy to set up”. 

However, most reported that practical demonstrations during 

the familiarisation session were more effective than verbal 

explanations alone. Exercise professionals also recognised the 

value of the exercise diary, noting its potential to support 

adherence and monitoring. However, some exercise 

professionals noted that resetting the app to modify an 

individualised exercise programme removed access to previously 

logged exercise entries. Similarly, CAYA sessions were not 

recorded unless the whole session was completed.

CAYA and exercise professionals suggestions for further 

development included incorporating gamification features such 

as earning points or coins, introducing levels and rewards, and 

enabling users to set personalised goals. Exercise professionals 

also proposed linking rewards (e.g., coins or points) to 

avatar customisation.

Portability of the device/remote training

CAYA provided largely positive feedback regarding the use of a 

mobile device they could take home. Younger participants 

particularly noted enjoying the opportunity to use the app 

collaboratively with siblings at home. Among teenage participants, 

several reported that the app facilitated independent exercise and 

enhanced motivation to engage in physical activity. Some within 

this teenage sample also expressed that the individualised nature 

of the app increased their confidence in the safety of the 

prescribed exercises. In contrast, a few CAYA reported barriers to 

use at home, citing lack of time, preference for alternative 

activities, or feeling too unwell to engage with the app.

Exercise professionals also reported that the app served as an 

effective remote tool to support and motivate unsupervised 

exercise. They emphasised that its transportable nature enabled 

CAYA to complete exercises in a variety of settings. While only 

40% (6/15) of exercise professionals who used the app within 

one-to-one sessions found it useful/very useful, they did 

acknowledge its potential as a valuable supplementary tool, 

instead of a substitute for in person sessions.

Exercises

There was mostly positive feedback in relation to the 

exercises providing “‘a good level of intensity’” and “‘pace’”, 

with “‘good variety’”. However, some CAYA and exercise 

professionals reported that the exercises were “’too easy and 

short’” for some users. Exercise professionals widely valued 

the app’s capacity to individualise exercises for patients. 

Many reported that the range of available exercises was 

appropriate, and they appreciated the inclusion of exercises 

targeting the lower body, upper body, and core, along with 

seated versions to support accessibility for CAYA with 

specific physical needs. There was consistent feedback 

advocating for further individualising prescriptions, 

particularly with respect to adjusting repetitions and sets 

beyond the pre-set parameters. In addition, exercise 

professionals recommended incorporating further 

instructions within the app, such as the use of weights, to 

support progression.

AR technology

Perspectives varied regarding the AR technology used within 

the app. Several CAYA reported that they enjoyed the novel 

approach to physical activity facilitated by AR, describing the 

technology as “interesting” and “clever”. Some noted that the 

AR-based demonstrations were preferable to traditional 

instruction formats such as videos or written instructions. For 

example, CAYA highlighted the usefulness of being able to 

move around and view the AR avatar from multiple angles. 

Across all age groups, participants frequently reported the AR 

demonstrations as “helpful” when the technology functioned as 

intended, particularly when the avatar appeared promptly and in 

an appropriate location. One participant said it was nice seeing 

the avatar appearing in a familiar location. Among younger 

participants, some described the experience of locating the 

avatar in their physical environment as “fun” or “funny,” 

suggesting that the interactive element held some appeal.

Conversely, two CAYA expressed reservations about the 

use of AR. One indicated a general dislike for using 

technology to be active, while another stated that standard 

2D video formats would be easier to follow. Technical issues 

were a recurring theme across all age groups, and by exercise 

professionals. Common concerns included the avatar “not 

appearing,” “not appearing quickly”, or “appearing in an odd 

location”. CAYA frequently described these experiences as 

“annoying” and “demotivating.” There were reports from 

CAYA and exercise professionals that the size of the room, 

and lighting seemed to affect the placement of the avatar 

within the environment which further impacted its usability. 

Additionally, some CAYA and exercise professionals reported 

finding the requirement to scan their surroundings between 

each exercise annoying.

TABLE 1 CAYA demographic and clinical characteristics (N = 46).

Participant characteristic Value

Age, years ± SD (age range) 13.6 ± 2.7 (9–19 years)

Sex (n, %)

Male 28 (61%)

Female 18 (39%)

Diagnosis (n, %)

Leukaemia 19 (41%)

Lymphoma 13 (28%)

Malignant bone tumours 5 (11%)

Soft tissue and other extraosseous sarcomas 4 (9%)

Neuroblastoma 2 (4%)

Renal tumours 1 (2%)

Germ cell tumours 1 (2%)

Other 1 (2%)

CAYA: children, adolescents and young adults with cancer.
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Avatar design

CAYA generally responded positively to the avatar design, 

frequently describing it as “good” or “cool.” There was, 

however, consistent feedback indicating a desire for greater 

avatar customisation. One participant expressed a preference 

for a more human-like avatar, while participants across all 

age ranges, and exercise professionals, recommended offering 

a wider selection of avatar types, including animals and 

superheroes. Additionally, one participant noted that the 

avatar’s skin tone differed from their own, and several CAYA 

and exercise professionals suggested the option to personalise 

the avatar to resemble the user more closely and thus 

enhance user engagement.

Suggested improvements and views on future use

Specific suggestions for improvement to the app, provided by 

both exercise professionals and CAYA are presented in Table 2. 

Exercise professionals also provided their views on future use. 

90% (28/31) exercise professionals said they would recommend 

the AR app to other childhood cancer centres, especially as a 

supplementary tool to support an existing in person 

programme. One exercise professional suggested that the app 

would be particularly helpful for isolated patients and another 

reEected that the app may be useful for “other chronically ill 

children”. There were mixed views regarding the most 

appropriate target age range for the current version of the app. 

While some felt it could be suitable for children as young as 

four years, there was general consensus that the app may be 

most suitable for children aged approximately 8–14 years. 

Exercise professionals expressed that the current basic interface 

and child-like avatar design lends itself to younger users, while 

older users might benefit from additional features, such as a 

more sophisticated interface or integrated social functionalities, 

or might require a different app altogether. Moreover, some 

reported that parents expressed concerns about introducing 

additional technology into their child’s daily routine.

Discussion

As physical activity and exercise plays a crucial role in 

ameliorating the physical and psychological side effects of 

cancer and its treatment (21), there is an increased interest in 

mHealth apps that support engagement in safe and accessible 

exercise interventions for CAYA with cancer (22). This is the 

first AR exercise app that has been developed specifically for 

children and young people with cancer. Our findings 

contribute to this growing field by providing insights into 

perspectives of AR technologies. Importantly, the study 

highlights both the potential and the challenges of integrating 

such tools into existing in-person exercise programmes in 

oncology care, from the dual perspectives of CAYA and 

exercise professionals.

Both CAYA and exercise professionals reported generally 

positive experiences of the app, reporting the AR demonstrations 

as novel, engaging and helpful. The portability of the 

smartphone was also viewed favourably by both CAYA and 

exercise professionals as it supported exercise programmes 

outside of the clinical setting. However, there was strong 

consensus that the app should serve to supplement and not 

replace face to face sessions. Despite many positive comments, 

technical limitations were also noted. There were comments that 

the AR technology did not always function reliably, and that the 

exercise diary required further development. Recommendations 

for further development included the addition of gamification 

elements, and the customisability of avatars.

The use of apps to support exercise 
programmes in paediatric oncology

Both CAYA and exercise professionals valued the Eexibility 

of being able to use the app at home. This highlights how the 

integration of mobile apps into paediatric oncology exercise 

programmes offers a promising way to support and enhance 

engagement and continuity of care beyond clinical 

environments (22). It also aligns with previous research 

demonstrating the potential of digital health technology to 

mitigate barriers to access, especially for families living in 

rural or underserved areas (23). However, the financial and 

equity implications of implementing such technology outside 

of a research setting must be considered. In this study, CAYA 

were provided with a study smartphone and the necessary 

accessories, but this may not be feasible in routine clinical 

practice. The costs of devices, maintenance and technical 

support could represent a barrier for some healthcare systems 

and families, potentially exacerbating existing inequalities in 

access to supportive exercise interventions. Therefore, future 

implementation of AR-supported exercise programmes should 

prioritise equitable access, for example by ensuring 

compatibility with personal devices, offering institutional 

device lending schemes, or integrating them within existing 

digital health infrastructures.

It is equally important to consider concerns regarding digital 

tools in paediatric populations. These concerns are not limited 

to the healthcare context but rather reEect a broader societal 

apprehension surrounding the rise in excessive screen time in 

children and growing dependence on digital devices for 

entertainment and education (24). In the context of this work 

exercise professionals reported instances where parents were 

hesitant or avoided using the AR app due to these concerns. In 

addition to screen time, other research has highlighted parental 

concerns about data protection and the wider suitability of app 

content, including advertisements (25). While such issues are 

typically well-regulated within controlled research environments, 

the broader dissemination of mHealth tools must include 

safeguards to protect users.

Previous research has also identified concerns among parents 

of children with complex needs regarding the potential for such 

interventions to replace, rather than complement, essential 

supportive services (26). Notably, exercise professionals in this 

study emphasised that the AR app should serve as an adjunct 

to, rather than substitute for in person care. These findings 

underscore the importance of integrating digital tools in a way 

that enhances, rather than compromises, the delivery of 

personalised care in paediatric oncology.
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TABLE 2 Suggested recommendations for app improvement.

Category Recommendation Reported by Example quotes

AR i) AR technology improved to ensure quick 

and consistent appearance

CAYA and exercise 

professionals

“Additionally, I think the AR technology within the application needs to be 

significantly improved as the avatar not appearing quickly was the most 

frequent problem reported” (exercise professional) 

“It was sometimes difficult to make the avatar appear.” (CAYA, age 11 years)

Avatar i) Additional avatar options (superheroes/ 

animals)

CAYA and exercise 

professionals

“It would be nice to have other avatar options, for example animals or 

superheroes.” (CAYA, age 17 years) 

“I think there should be more options for other styles of avatars to engage 

more children with different interests, such as superheroes or cartoons.” 

(exercise professional)

ii) Avatar customisation CAYA and exercise 

professionals

“I liked the avatar but I think it would be better if you could customise it so it 

could look like you.” (CAYA, age 12 years) 

“The avatar [should be] customised by each patient” (exercise professional)

Exercise 

prescription

i) Further Eexibility when selecting sets/reps Exercise professionals “it would be helpful, if you can decide for each session how many reps and 

sets should be performed” (exercise professional)

ii) Additional exercise options CAYA and exercise 

professionals

“More stretches in the app.” (CAYA, age 16 years) 

“I think that more exercises could be added to the exercise catalogue, to 

enable greater variety for the app users.” (exercise professional) 

“It would also be nice to include other exercises including more stretches or 

balance exercises” (exercise professional)

Exercise diary i) Diary saving workouts regardless of 

completion

Exercise professionals “the programming needs to be changed so that the exercise session is 

recorded regardless of whether the participant completed the whole 

workout” (exercise professional) 

“There should be an option on each exercise to ‘finish now’ and the app 

record how many exercises were completed. Often we would receive 

feedback that a child did the exercise but because they did not get to the very 

end it was not recorded.” (exercise professional)

ii) Diary data saved when adjustments are 

made to the exercise prescription

Exercise professionals “[..] This then required the app to be reset to change the exercise 

prescription. Unfortunately this meant that the exercise diary was cleared 

and the participant could no longer see their previous workouts. It would be 

a nice option if you were able to edit their exercise programme rather than 

restart the app all together” (exercise professional)

Gamification i) Challenges Exercise professionals “Also some more playful content (challenges [..] might be helpful.” (exercise 

professional) 

“But I think that the APP is target for young (8–12) and so it needs more 

game and challenges (like: if you do this training you earn a pair of shoes)” 

(exercise professional)

ii) Levels CAYA “It would be great to have different levels, so it feels more like a game and 

you can reach new levels and get better by this.” (CAYA, age 16 years)

iii) Rewards (e.g., points or coins) CAYA and exercise 

professionals

“It would be good to collect coins or points to earn things for your avatar, for 

example clothes” (CAYA, age 17 years) 

“[..] it would be a nice addition to include a reward system whereby 

participants receive coins or points which allow them to customise their 

avatar for example. (exercise professional)

iv) Usage streaks CAYA “It would be good if there was some audio feedback and a streak function to 

motivate you to use it.” (CAYA, age 11 years)

v) Goal setting CAYA “It would be great if you can set goals” (CAYA, age 16 years)

CAYA: children, adolescents and young adults with cancer.
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Usability and technical considerations of 
AR apps

Within this study, CAYA and exercise professionals 

appreciated the added benefits of the AR components, however 

both noted frustrations with technical issues. Usability 

challenges, such as problems with software design, interface, or 

content are well documented barriers to app adoption and 

continued use (27, 28). While AR technology appeared to offer 

added value over conventional exercise instructions methods 

(i.e., written or 2D videos) for many users, not all CAYA 

perceived it as beneficial. This highlights the importance of 

balancing technological novelty with usability, as well as the 

challenge of addressing diverse user needs and preferences 

within a single app. To optimise the effectiveness of AR- 

enhanced mHealth tools, developers should focus on ensuring 

reliability of the AR features, while also considering offering 

alternative formats to accommodate diverse user preferences.

Tracking engagement and adherence 
through app-based features

The exercise diary was intended to track usage patterns of the 

app and provide CAYA with the opportunity to monitor their own 

engagement with the app. Feedback and monitoring for users to 

track their performance and status are important factors to 

inEuence trust, motivation and engagement (25, 29). 

Incorporation of such features could support processes such as 

goal achievement, helping young people to enhance their 

physical fitness levels through self-monitoring, self-motivation, 

and self- surveillance (30). However, exercise professionals 

highlighted that there was sometimes a discrepancy between 

what CAYA verbally reported compared to what was recorded 

in the app exercise diary, with regards to completing exercise 

sessions. This variation raises important questions about user 

engagement and adherence to the prescribed programme. 

Additional feedback pointed at other potential pitfalls within the 

app design, as the exercise session had to be completed in order 

for the session to be recorded in the exercise diary. These 

findings highlight the need for more robust monitoring and 

feedback mechanisms within app-based exercise interventions. 

Features such as semi-automated tracking may be a favourable 

addition to support awareness in behaviour and engagement, 

while reducing the burden of fully manual tracking and 

accuracy challenges of fully automated tracking (31).

Enhancing engagement through 
personalisation and gamification

A key theme identified by both CAYA and exercise 

professionals was the potential to enhance user engagement 

through increased interactivity, personalisation and gamification 

within the app. Personalisation features, such as customising 

avatars, have been successfully implemented in other apps for 

childhood cancer patients (32). In their study, Fortier and 

colleagues (2016) allowed users to earn virtual coins through 

app engagement to purchase accessories and modify interface 

design. Evidence also suggests that avatars resembling the user 

can foster a stronger sense of identification and promote 

healthier behaviours compared to generic avatars (33). In 

parallel, CAYA and exercise professionals highlighted the value 

of gamified elements such as challenges, levels, and rewards to 

sustain interest and motivation. This aligns with wider trends in 

mHealth and eHealth, where gamification has been shown to 

support goal setting, provide positive reinforcement, and 

encourage long-term use (34). In paediatric oncology, where 

children face additional barriers to exercise (35), such features 

could be especially effective in boosting motivation and 

adherence. However, it is essential for these elements to be 

adaptable to the diverse needs and preferences of this population.

Strengths and limitations

A key strength of this study is its large, multi-centre design across 

multiple countries across Europe. By including a diverse range of 

clinical sites, the study enhances the generalisability of its findings 

to a broader European context with different clinical settings, 

staffing and resources. Secondly, this study is among the first to 

qualitatively explore the perspectives of both children and young 

people undergoing treatment for cancer, and exercise professionals, 

on the use of an AR exercise app. By including feedback of end 

users and professionals, this study provides a holistic 

understanding of the usability and perspectives of implementing 

an AR app to support an individualised exercise programmes. 

Finally, the study contributes to an emerging area of research in 

the field of mHealth within paediatric oncology care, highlighting 

the potential and limitations of AR tools. The inclusion of 

feedback of both functionality and user experience enables 

practical recommendations for further technology development.

The evaluation of the AR app was based on a sub-study of a 

larger randomised clinical trial. As such, only a small subset 

(approx. 10%) of the total RCT participants took part in the 

semi-structured interviews evaluating the AR app. This may be 

explained by the fact that only selected study sites participated 

in the AR app subproject. Moreover, additional eligibility 

criteria (e.g., age restrictions) were applied, and the duration of 

the subproject was shorter than that of the overall RCT. 

Additionally, the number of study iPhones available at 

participating centres was limited, which may have contributed to 

the proportion of participants who were not offered access to 

the app. Furthermore, it is possible that the interview responses 

were affected by confirmation or social desirability bias and the 

presence of a parent/guardian may have also affected participant 

responses. Interviews were not audio-recorded and were 

conducted in the native language of each centre and translated 

into English, which may have resulted in some loss of nuance. 

Exercise professional feedback was collected via an online form 

in English and depending on the Euency of the respondents, 

some information may have been lost or misreported.

Conclusion

This study highlights the potential of novel AR technology to 

enhance engagement in exercise among children and young 
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people undergoing cancer treatment. CAYA and exercise 

professionals reported the value of features including visual 

exercise demonstrations, and the opportunity to continue the 

exercise programme during home stays or away from a clinical 

setting. Feedback emphasised the importance of technological 

reliability with regards to the AR components, and suggested 

improvements, such as a customisable avatar, and gamified 

features. While AR offers promising benefits within paediatric 

oncology care, it must be integrated in a way to support and not 

replace face-to-face exercise interventions. Future development 

should focus on user-centred design, increased individualisation, 

and equity of access for CAYA with cancer and their families. 

Additionally further research is needed to evaluate long-term 

engagement and clinical outcomes.
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Appendix A. FORTEe sub-project 
recruiting centres:

Oxford University Hospitals Foundation NHS Trust in 

collaboration with Oxford Brookes University (UK), Childhood 

Cancer Center of the University Medical Center of the Johannes 

Gutenberg-University Mainz (Germany) & Heidelberg 

University Hospital (Germany), Fondazione Monza e Brianza 

per Il Bambino e La Sua Mamma, Monza (Italy) & IRCCS 

National Cancer Institute Foundation (Italy)

Appendix B. Interview questions with 
prompts

Question 1 - What did you like about the AR app?

Question 2 - What did you not like about the AR app?

Interview topic prompts: 

• Avatar design

• Exercise demonstrations

• AR technology [avatar (not) appearing]

• App interface (design, colours, font)

• What kind of avatar would be preferred

• Equipment (iPhone, tripod, accessories provided)

• The amount of exercises in the workouts (too intense or 

easy?)

• The types of exercises in the workouts

• The exercise diary (being able to check their workout 

history)

• Being able to take the phone home
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School of Sport, Nutrition and Allied Health Professions, Oxford Brookes University,
Oxford, UK

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 9-21 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
mobile health, exercise, rehabilitation, health intervention, paediatric oncology

Introduction

Within society, it is now widely accepted that mobile phones are a ubiquitous commodity.1–3 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.4 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,5 mental
health conditions,6 obesity,7 and cancer.8 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.9–11

Moreover, the emerging role of mHealth within cancer treatment is notable12 with adherence
and access to preoperative rehabilitation and rehabilitation considered the largest barriers for
people suffering from the disease.13 Paediatric oncology is also emerging as a focus within
mHealth research,14,15 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.16 Exercise has been shown to increase health related quality of life,
strength and aerobic fitness and decrease fatigue.17 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.18,19 A
reduction in physical activity (PA) levels are almost always observed in childhood cancer
patients,20–22 with safety concerns surrounding PA persisting into survivorship.23 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.14 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 rehabilitation24 and
paediatric oncology rehabilitation,25 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 nurses26 to promote exercise
participation. The development of a digital health that uses algorithmic prescription methodology
could present a significant cost saving to health services.27

Previous work has highlighted that children and young people spend much of their time on
screen-based activities,28,29 with increases in total and leisure screen time observed during the
COVID-19 pandemic.30 However, user adherence and motivation to engage with mHealth has still
been found to be low.3 Existing suggestions for reducing the lack of adherence within oncology
include elements of gamification to digital health solutions.31 These have included, but not limited
to; virtual reality32 as well as tracking and progression charts33 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.34,35 Literature has also suggested that Augmented Reality (AR) can be an
effective mode of delivery for mHealth interventions36 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.37 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.38 Nevertheless, it has been shown that healthy age-compatible peers have been
successfully compared, for example, in several studies of social functioning,39,40 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.41

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,42 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 phases43 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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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

Figure 1. App onboarding process for aftercare/maintenance treatment functionality.
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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.44 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.45 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 1. 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).45 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 teamwill 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) 15
Total 90

N = target number of participants.

8 Health Informatics Journal



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 approaches46–48: (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

Table 3. Semi-structured interview guide for focus groups.

Topic Guiding questions
Smartphone application
perceptions

What are your thoughts on using a smartphone app to help you do exercise?
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
prescription

Which exercises do you remember from the app?
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
experiences

What did you think about the avatar?
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?
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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.49 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.49

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,50 while overcoming clinician time restraints and geographic
barriers.51 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.52 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.53 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.1819 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.54 A user-centred approach is recommended to ensure that preferences and needs
are incorporated into mHealth tools.16

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 Store55 with 54,603 available in the Google Play Store.56 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.57 Specifically, over 500 have
been published exploring the use of gamification/games or mobile apps/smartphones.57 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.58 Existing research evaluating app interventions
has mainly focused on assessing usage logs or employing questionnaires.59 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.59
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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.58 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.60 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.60

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.60 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,59 further underlining the importance of future user testing with paediatric oncology patients in
a real-world setting.59

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.61 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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Abstract
Background: Mobile health (mHealth), and specifically smartphone apps, have grown exponentially in both functionality and
accessibility and are becoming an important component of health care. Research exploring the use of mHealth for managing
or treating chronic diseases, such as cancer, has shown promising effects. Yet, comparatively little work has examined how
such technologies can enhance exercise interventions for young people with cancer. To optimize the effectiveness of mHealth
in these contexts, it is essential to build a stronger evidence base on user experience.
Objective: This study aimed to investigate how healthy children and young people engaged with an augmented reality (AR)
app developed specifically for children and young people undergoing cancer treatment, and to identify design features that may
support engagement and behavior change in the intended clinical population.
Methods: School and university students, aged 8‐21 years, were eligible to participate in the study. Practical workshops
allowed participants to engage with the AR exercise app before taking part in focus groups to explore user experiences. Data
were analyzed using qualitative content analysis, which also involved a critical friend approach using 2 researchers (HM and
KS). Suggested improvements were mapped against the motivational affordances’ taxonomy.
Results: A total of 39 participants aged 8‐21 years took part in the focus group study. Participants found the demonstrations
and varied exercises useful but expressed some concerns regarding data safety and functionality of the novel AR avatar. It
was proposed that additional educational components, challenges, and rewards, as well as a customizable avatar, social support
features, and audio instructions for a more inclusive design would be desirable and could enhance user experience. When
mapped against the motivational affordances taxonomy, the suggested improvements aligned primarily with mechanisms of
user education, challenges, feedback, cooperation, and comparison.
Conclusions: This study provides an understanding of how apps that prescribe exercise can be optimized to enhance
motivation and user experience. By assessing feedback and suggestions for improvements, the findings highlight key design
features that may support engagement. While this initial work focused on healthy, age-matched participants, further evidence
specifically in children and young people with a childhood cancer diagnosis is needed.
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Introduction
Over the past 50 years, chronic health conditions among
children and young people have risen on a global scale [1].
Conditions such as cancer, type 2 diabetes, obesity, and
mental health disorders are increasingly prevalent in this
population, resulting in a substantial burden on health care
systems [2]. Addressing this issue requires a comprehensive,
multidisciplinary approach, incorporating preventive public
health measures, early and targeted interventions, and health
care systems that cater to the physical and psychological
dimensions of chronic illnesses in children and young people
[3]. The use of technologies within health care may offer an
important role in the management of long-term conditions in
pediatric populations [4].

Specific research in patients with cancer has reported
that digital interventions have elicited positive outcomes,
including improving adherence to medication [5], symptom
management [6], physical activity levels [7], and mental
well-being [8]. Digital tools can empower young patients to
take an active role in their health management [9], as well
as having the potential to alleviate some of the pressures
(eg, staff shortages, limited capacity of services and facilities,
and increased demand) on health care systems by supporting
disease management outside of traditional clinical settings.

Children and young people undergoing treatment for
cancer have some unique barriers to physical activity. These
include (1) treatment-related side effects, such as fatigue and
pain; (2) psychological barriers, such as fear of injury and low
mood; and (3) organizational barriers, such as limited clinical
space and lack of sports equipment during home stays [10].

Addressing these barriers requires accessible, personal-
ized solutions. Digital interventions have grown exponen-
tially in both functionality and accessibility, emerging as
an increasingly important component of health care deliv-
ery [11]. Interventional evidence suggests that using mobile
health (mHealth) tools can benefit those managing chronic
conditions, such as cancer, by offering a more personalized
approach to real-time health management [12]. mHealth tools
have been shown to provide a medium for personalized care,
continuous monitoring, and patient engagement, therefore
improving clinical outcomes and enhancing quality of life for
patients [13,14]. mHealth has opened doors for the develop-
ment of innovative smartphone apps tailored to meet the
health needs of specific populations, such as pediatric patients
with cancer [15].

More specifically, the integration of augmented reality
(AR) in mHealth tools has gained traction in recent years
[16]. AR technology overlays digital information on places
or objects in the real world [17], as seen in apps, such as
Pokémon Go (Niantic Inc). It is expected that incorporating
AR within existing tools could enhance user satisfaction
and facilitate long-term engagement by using more graphic-
focused screen design and multimedia message presentation,

as well as clear demonstrations and instructions by an AR
avatar [18]. There is a previous systematic review [19]
exploring the effectiveness of AR interventions for physi-
cal activity promotion and improving health outcomes. This
evidence in children and young people reported that AR
helped participants increase their physical activity levels as
well as their engagement and motivation toward physical
activity. Additionally, social interactions and psychological
distress were also improved [19]. However, there is a lack
of research on the user experience of AR apps specifically
designed for promoting exercise participation during cancer
rehabilitation.

Development and implementation of mHealth tools and
specifically AR apps, in pediatric populations, especially
for long-term, maintained engagement, presents signifi-
cant challenges, emphasizing the need to use theoretical
frameworks as well as evidence-based and user-centered
approaches [20,21]. In recent years, there has been an
increased acknowledgment of behavior change techniques,
such as goal setting, motivational messaging, and outcome
feedback, in the design of mHealth tools and programs [21].
Current guidance for designing and evaluating mHealth tools
has specified that it is of particular importance that behavior
change techniques are used as a basis for development to
ensure content is theory-driven and follows evidence of best
practice [22]. The app that was designed and evaluated as
part of the research outlined here contains features based on
behavior change techniques, such as feedback on behavior,
instruction on how to perform the behavior, and demon-
stration of the behavior [23]. While these techniques are
promising for integration in interventions promoting physical
activity, there is limited evidence on their application in
more complex mHealth tools, such as apps using AR. To
address this gap, additional strategies, including motivational
affordances, should be considered.

Motivational affordances are defined as design features,
such as gamification and personalized feedback, that focus
on increasing user engagement, distinguishing them from
the internal cognitive processes emphasized in behavior
change techniques [24,25]. The success of apps relies on
user engagement, which is based on the user’s motivation.
Satisfaction, efficiency, and engagement define the overall
user experience; however, apps do not always provide the
expected results and rarely investigate user engagement
[26]. For this purpose, the integration of disciplines of
usability and motivational psychology could be achieved
through research in motivational affordances [27]. Motiva-
tional affordance mechanisms and design elements could
be used to satisfy the user’s motivational requirements (ie,
psychological, cognitive, social, and emotional); thus, there
have been calls for motivational affordances to be applied in
mHealth design. Theory-based approaches for the evaluation
of apps are particularly useful due to their specific technology
designs, which seek to tap into users’ motivations, so they
are captivated by them and really seek to use them [28].
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However, there is a particular lack of evidence evaluating the
usefulness of and user preferences for motivational affordan-
ces in exercise prescription apps for children and young
people with cancer [29,30]. It is vital to specifically assess the
potential for integrating motivational affordances in exercise
prescription apps, since their adequacy and specificity are key
in populations with chronic diseases [31].

Due to the novel nature of this app, there is a need for
extensive evaluation of the app’s functionality and usability,
particularly regarding the navigation, layout, instructions,
and AR demonstrations, before testing with children and
young adults with cancer. The findings of this study provide
valuable insights, which are more appropriately assessed in
a more controlled setting, such as schools and healthy peers
[32]. Participants of this study were age-matched to the target
population for which the app was being developed.

Thus, the aim of this study was to explore the experi-
ences of school pupils and university students of an AR
smartphone app designed to prescribe exercise for children
and young people with cancer. The study also aims to map
participants’ suggestions for improvement onto motivational
affordance mechanisms and design elements. Understanding
user preferences allows developers to refine features, improve
accessibility, and create more engaging and effective mHealth
tools for exercise prescription [32].

Methods
Overview
The methods (including app design, recruitment, data
collection, and data analysis) have been comprehensively

described in a previous publication [32]. In reporting of
methods, the 32-item COREQ (Consolidated Criteria for
Reporting Qualitative Research) checklist has been used
(Checklist 1) [33].
AR App Development
The AR app was developed to support an individualized
exercise program for children and young people undergoing
cancer treatment, particularly when face-to-face provision
was not possible, the child was at home, or they were
immunocompromised. Its design was guided by an interdisci-
plinary team of software developers, digital health research-
ers, and pediatric oncology exercise professionals. Key
features were implemented with the needs of children with
cancer in mind, including professional input during onboard-
ing to record diagnosis and contraindications, child-reported
fatigue and activity levels, and a pre-session questionnaire to
screen for new symptoms. The app offers upper body, lower
body, and core exercises with seated and standing options,
and a rate of perceived exertion scale that automatically
adjusts exercise volume if intensity is inappropriate.
Recruitment and Setting
Participants were recruited through schools and universities.
Eligibility criteria are presented in Textbox 1.

Textbox 1. Participant eligibility criteria.
Children and young people in

• Years 4, 5, 6, 7, 8, and 9 of primary school and secondary school, aged 8-14 years old
• Sixth form in secondary school, aged 16-18 years old
• University, aged 19-21 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

Participants were recruited through convenience sampling
of age-matched children and young people, representing a
mix of rural and urban schools, along with 1 university
group. During the recruitment of primary school children, the
research team liaised with the school and its teachers, who
passed on information about the study to potential participants
and legal guardians. Participants were told why the research
was being conducted and that the app had been developed for
children with cancer in mind. For secondary school pupils,
members of the team visited the school to explain the purpose
of the study and outline what involvement in the workshops
and focus groups would entail. For university students, the
team provided details about the study by attending a selection
of lectures.

Ethical Considerations
This research has received ethical approval from the Oxford
Brookes University Faculty of Health and Life Sciences
Research Ethics Committee (David E. Evans, Paul Hough,
Robyn Curtis, and Jo Brett; approval 211547). Written
informed consent and assent, including parental consent
where applicable, were required to participate in the project
in accordance with the project approvals granted by Oxford
Brookes University Faculty of Health and Life Sciences
Research Ethics Committee (registration 211547). All data
were fully anonymized before analysis, with any identifying
information removed to ensure participant confidentiality.
Participation was voluntary, and individuals could withdraw
at any time without penalty. Participants did not receive any
compensation for their involvement.
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Before the workshops, non–user-facing onboarding steps
were completed to ensure that participants could access the
main functions of the app, even though they did not have a
cancer diagnosis. This setup involved selecting the following
default options: all body areas were eligible for exercise,
activities were not limited to seated movements, participants
did not use a prosthetic limb, and they did not experience
peripheral neuropathy. At the beginning of each workshop,
participants were told why the research was being conducted
and that the app had been developed for children with cancer
in mind. None of the individuals invited to take part had used
or interacted with the AR app.

Participants were given a phone and then progressed
through the user-facing onboarding sequence. Once this was
completed, participants completed an individualized exercise
session, following the AR avatar demonstrations (Figure 1).
Each workout consisted of 6 exercises, with the number
of repetitions (1-6) and sets (1-3) automatically adjusted
by the app’s algorithm based on responses provided during
the onboarding process. Following the session, participants
completed a postsession questionnaire, which included a
rating of perceived exertion measure (Figure 2).

Figure 1. App screen during exercise.

Figure 2. Rate of perceived exertion scale.

Subsequently, participants took part in focus group discus-
sions to explore the user experience of using the AR app and
had the opportunity to share suggested improvements. For
the focus groups, a semistructured interview guide was used
(Table 1).
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Table 1. Semistructured interview guide for focus groups.
Topic and guiding questions Prompts
Smartphone app perceptions
  What are your thoughts on using a smartphone app to

help you do exercise?
• What kind of app are you thinking of?
• How have your thoughts changed from before the workshop to now?
• How would you use an app to be more active and do exercise?

  How do you feel about using an augmented reality app to
support you to be more active?

• Why would you use one? Why would you not?

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

• Which features did you enjoy the most?
• Which features do you think you wouldn’t need?

Exercise selection and prescription
  Which exercises do you remember from the app? —a

  What did you think about the exercises that were selected
for you?

• Did you find the exercises easy or difficult?
• Have you done any of these exercises before?

  What do you think children who are your age (or younger
or older) would think about these exercises?

—

Augmented reality avatar experiences
  What did you think about the avatar? • What did you like about the avatar?

• What kind of avatar would you prefer?
  How did you find the avatar’s demonstrations? • Were you able to follow the reps and rounds? Was this made clear enough on the

screen?
  Were there any problems with the avatar whilst you were

using the app?
• Did the avatar appear properly on the screen? Was the avatar the wrong size?
• Were there any problems with the avatar’s demonstrations?

App usability
  How do you feel about the phone we gave you for using

the app?
• Did you find it easy or difficult to use?
• What do you think about the size and display?
• How did you find pressing different buttons on the phone?

  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?

• Did the phone make it easy or hard to follow the demonstrations?
• Was the tripod getting in the way of how well you could follow the demonstrations?
• What do you think about the space you used for doing the exercises?

  How did you find answering the questionnaire questions
on the phone?

• What do you think about the amount of questions?
• What do you think about how the questions were worded?
• What do you think about answering questions on an app, compared to, for example, a

piece of paper?
Suggestions for improvement
  How do you think the app could be improved? • What do you think would make the avatar more useful?

• What do you feel we should change about the exercises?
  How else do you think we could help you be more active

and do more exercise? • What other technologies or equipment would you find useful?
aNot applicable.

Workshops were conducted by KS (PhD, postdoctoral
research assistant, female) and HM (MSc [Res], postgradu-
ate research assistant, female), and SW (PhD, postdoctoral
researcher and senior lecturer, male, qualitative research and
technology expert), and focus groups were conducted by
KS and HM. The research team had previous experience
in conducting mixed method and qualitative research and
specific training as part of their academic qualifications.
Focus groups were audio-recorded and transcribed.
Data Analysis
Edited transcriptions were printed and reviewed in paper
format, with 3 researchers (KS, SW, and HM) collaboratively
conducting a coding process. Analysis combined deductive
and inductive approaches [34-36]. The deductive component

applied a pre-established framework based on key topics—
hardware user experience, app interface, app design, AR
functionality, avatar design, and exercise prescription. User
experiences and suggested improvements were considered
separately. Any remaining data from the discussion were
inductively coded through intercoder conversations [32].

Features mentioned as suggested improvements were
mapped onto the mechanisms and design elements out-
lined in the taxonomy of motivational affordances (Figure
3) [24]. Applying the taxonomy ensured relevant features
were mapped onto evidence-based strategies and a unified
terminology was used, which will aid the development and
evaluation of future tools.
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Figure 3. Taxonomy of motivational affordances (reproduced from Weiser et al [24], which is published under Creative Commons Attribution-Non-
Commercial 4.0 International [CC BY-NC 4.0 37]).

Moreover, 2 coders (HM and KS) independently mapped the
features to the taxonomy to enhance the validity of the coding
process. Subsequently, “critical friend” discussions were held
to explore the suitability of the respective selections and
to encourage reflexivity and enhance the dependability and
credibility of data [38]. This approach also encouraged KS
and HM to reflect upon their coding and provided room for
considering alternative interpretations [38].

Results
Overview
In total, 19 primary school pupils, 28 secondary school pupils,
and 3 undergraduate (UG) university students took part in the

practical workshops, with 39 providing consent to take part
in the subsequent gender-mixed focus groups. These were
conducted in the respective educational facilities (eg, school
classroom). There were 8 focus groups in total—3 with
primary school students, 4 with secondary school students,
and 1 with university students. Workshops and focus groups
were conducted between June and December 2021 at one
primary school in Gloucestershire, one secondary school
in Oxfordshire, and one university in Oxfordshire (United
Kingdom). Participant ages and year groups are presented in
Table 2.

Participants were able to test the app for 20‐30 minutes
before taking part in semistructured focus groups, which
lasted between 16 and 28 minutes.

Table 2. Demographic characteristics of focus group participants.
Stages of education Total participants, N Sex, n
Primary school (year group 4-6, ages 8-11 y) 8 4 male, 4 female
Secondary school (year group 7-9, ages 12-14 y) 19 4 male, 15 female
Sixth form of secondary school (year group 12, ages 16-17 y) 9 6 male, 3 female
Undergraduate university students (ages 18-21 y) 3 2 male, 1 female
Total 39 16 male, 23 female
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User Experience

Overview
Overall, most participants reported that they enjoyed using
the app and described it as “fun” (Y9, UG). One partici-
pant explained they enjoyed using an app as it “was fun
to do exercise that you don’t usually do” (Y9). They also
mentioned they would likely use it if it were available and
suitable for their needs. Moreover, they felt the app could be a
useful tool for promoting physical activity more broadly, and
most agreed that it would help users engage more specifi-
cally with exercise. In particular, participants pointed out that
the app “could build confidence” and “basic strength” (UG)
to enable users to subsequently engage in more comprehen-
sive physical activity provisions (such as group exercise
classes). When comparing face-to-face exercise provisions,
a participant shared that

sometimes it’s nice to not have a scheduled time to go
and see someone to do it in person. [...] If you feel
insecure or feel weak, you can literally just set up the
phone and do it alone [...]. It feels a lot easier. [UG]

When asked about long-term use, some participants
mentioned they would likely use it for a long time, whereas
others stated they would likely use it for the shorter term
only, with one describing they would engage with it for “two
weeks and then get bored with it” (Y8). In contrast, other
participants highlighted that the app could be helpful as a
“prompt” to exercise, and it is “easy to follow and to pick up
and make a habit of” (UG).

AR Functionality
During the focus groups, participants specifically discussed
their experiences of using the app with regard to the AR
functionality, app design, onboarding processes, accessibility,
and safety. In addition to the iPhones (model 12, screen
size 6.06 inches; Apple Inc), participants in this study were
given a tripod to ensure they could execute the exercises
without holding the phone. Participants generally found it
useful to have a digital exercise demonstration, compared
with paper-based drawings or text. Participants shared that
using the AR app makes accessing exercise “quick” and
“easy” (UG). Participants shared that the AR avatar felt
like a “training partner” who provided a bit more motiva-
tion and “[made] the exercise more fun” and “might make
[…] someone feel like one of their friends is doing the
same” (UG). Furthermore, participants felt that for clinical
users who may wish to do activities without face-to-face
supervision, the AR functionality could be useful to provide
demonstrations and maintain a sense of personalization and
care. Participants liked being able to watch the demonstra-
tion for as long as they needed to and “didn’t feel rushed”
(UG), as there was no specific time allocation per exercise.
Participants agreed that having a virtual exercise demonstra-
tion is useful, especially if users had insufficient knowledge
to execute specific exercises.

In comparison, there was no consensus among participants
with regard to the use of AR compared with more traditional
(2D) video demonstrations. One participant mentioned that
“there are more problems presented by the AR than solved by
the AR” (Y12), hinting at technical difficulties that occur-
red when scanning the room to allow the avatar to appear.
Participants mentioned that they had to scan the surroundings
with the phone for the AR avatar to appear before each
exercise, which some stated was “frustrating” (Y8, UG), and
others felt like they should not have to physically move the
phone each time to make the avatar appear. It should be noted
that this was not an issue for everyone, with some participants
saying that “it worked quite quickly” (Y8). It also transpired
that at times, the avatar would appear in a different location to
the one scanned, or appear too large or too small. Moreover,
some participants mentioned that it was difficult to follow
exercises that required them to be seated or lying down on
the floor, as they could no longer see the phone screen. It
was suggested that using videos would allow users to move
the phone without impacting the exercise demonstration. On
the other hand, some participants stated that the use of an
avatar was unique to this app and generated a more enjoyable
experience compared with traditional apps (ie, those using
videos), as it made the exercises feel more like a game. One
participant said that,

[...] it was really fun and enjoyable because while I
was doing it, I didn’t really notice I was doing exercise.
[Y5/6]

App Design
Most participants stated that they merely focused on the
avatar, without reading the other information presented on
the screen, whereas some read the text before looking at the
avatar. Among users who indicated they read the instructions,
some found it difficult to decipher whether they were asked
to perform 1 round, 1 set, or multiple sets. It was evident
that text presented in bold was perceived as important and
was prioritized by some participants before beginning the
exercise.

Onboarding Process
Some participants questioned the relevance of some of the
questions, for example, with regard to the ability to keep their
balance on a slippery surface, and also mentioned that some
of the questions felt repetitive. Others appreciated that the
individual questions were needed for the subsequent exercise
prescription, and older users mentioned they liked that there
would be scope for progression.

Participants stated that an option to skip a question
they felt uncomfortable answering would be beneficial as
“someone might be worried that if [...] they find it hard
to do something, they might not like people knowing that”
(Y5/6). Participants appreciated that the questionnaires did
not ask them for any input on their height and weight, as
they perceived this may be potentially uncomfortable for
some users. Moreover, questions that enabled more tailored
exercises were welcomed as they would “feel more motivated
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because it’s actually targeted [...] personally, instead of just a
generic app” (UG).

Regarding the number of questions, there was no
consensus among participants. Some felt the questionnaires
were too long, and they would potentially skip questions,
respond randomly, or cease use of the app. Others stated
the questionnaires were “quite short” (Y4) and not “too
long or bothersome” (UG). One participant appreciated that
“[...] for the people who actually need it, [they] would pay
attention to what is actually going on because they want to
get better” (Y9), hinting that intended users (ie, children with
cancer) would also be more likely to appreciate the need for
onboarding questions.

It was also discussed that most felt the questions were
easy to read; however, others stated they might need to be
shortened for younger users. One participant (Y5/6) men-
tioned that the questions should be as specific as possible,
as they struggled to select an answer when the question was
not clear (eg, asking about their ability to carry a heavy book,
with confusion on what “heavy” would entail).

In regard to the answer options, most participants felt that
5 options were sufficient, and the wording should be clearer
to effectively distinguish between options (eg, “sometimes”
vs “almost never”).

Exercise Prescription
Most participants stated that the prescribed exercise intensity
was achievable, although a few participants reported that
some of the exercises were too easy. The selected exerci-
ses were deemed to be suitable, with a “good range” and
appropriate provision of exercises done in a lying, sitting, and
standing position. One participant felt this made it “interest-
ing” and “fun” (Y9).

Participants felt that a gradual intensity progression is
helpful in regard to a decrease or increase in intensity or
repetitions based on previous performance or feedback input
from users. The rate of perceived exertion scale (Figure 2)
was well-received, and participants found it easy to select the
relevant score.

Accessibility
Some participants stated that they found it beneficial not to
need specific equipment (ie, other than a chair), whereas

others mentioned they would prefer exercise sessions that
require no equipment at all. One participant added that the
app was also beneficial for those with limited access to
appropriate outdoor space for exercising as “you don’t need a
big field to do exercise, so even if you live in a flat […] you
can still do it” (Y5/6). It was also recognized that paying for
exercise apps, such as this one, could be a barrier for some
users, as expressed by one, “it’s really good to have it free”
(Y7).

Safety
A couple of participants also discussed their experiences with
data and usage safety, including concerns regarding how
much, and what type of information was collected, as well
as how this would be shared. One participant hinted that the
length of the onboarding questionnaires may “[make them]
a bit suspicious of what is happening so [would] delete it”
(Y9). One participant mentioned their parents may share these
concerns and would encourage them not to provide personal
information, such as their real age.

Avatar Design
Participants generally agreed that the avatar design was
appropriate for a variety of ages, with no suggestions made
on specific features that should be changed as a default.
Participants commented that the avatar was “cute and funny”
(Y9), and the design allowed for easy interpretation of the
exercise demonstrations. Older participants highlighted that
they appreciated the semirealistic design and felt that the
avatar’s body shape was helpful not to “feel pressure of ‘you
have to look like this’” (UG) but rather encouraged them to
focus on being physically active for enjoyment.
Suggested Improvements
Throughout the focus groups, participants voiced suggestions
for future improvements of the app. Table 3 contains an
overview of suggested improvements linked to the follow-
ing motivational affordance mechanisms: user education,
challenges, feedback, cooperation, and comparison.

Table 3. Summary of suggested improvements by motivational affordance mechanisms.

Category Participant quote Recommendation
Motivational affordance
design elements

User education
  Exercise

instructions
• “I think if it explains to you what it does or [help

with], […] that would be more educational” (UG)a
• “[...] I didn’t actually know how long I was doing

it for.” (Y4) b“[...] It didn’t [...] say per leg or all
together.” (Y12)g

• “[...] It could say [...] you need a chair [...].” (Y12)

Provide detailed (written or audio)
instructions explaining purpose,
repetitions, and equipment

Assignments
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Category Participant quote Recommendation
Motivational affordance
design elements

• “[…] I would prefer more text or description of
what we’re going to do” (UG)

• “I think it would definitely help especially when
you are doing an exercise when you can’t […]
directly see the screen, the audio telling you the
next exercise is about to start would definitely help
someone notice when to move onto the next one”
(Y12)

  Visual
demonstration aids

• “It would be better if it had arrows of [...] where to
move.” (Y9)f

Implement additional visual guidance
to support movement execution

Assignments

  Duration • “[...] there [could] be a timer in front of you so you
could see [...] how long there is to do this exercise.”
(Y12)

• “[...] There should maybe be an option to do a
countdown [...].” (Y7)d

Consider use of countdowns or timers Assignments and goals

  Order • “I would try [to] space out the chair exercises [...].
[...] So maybe do a sitting down one, a lying down
[one] and then a standing up [one].” (Y5/6)c

Ensure sitting, lying, and standing
exercises are included and
interspersed

Assignments

  Exercise type and
variety

• “I guess it would be good to have more variety [...]”
(Y12)

• “[...] There should be options on what you want to
work on, like if you want to work on your legs [...],
on your arms, or you want to do your whole body.”
(Y9)

Give a variety of exercises and allow
user choice for type of exercises
(including strength and mobility)

Assignments, quests, and
goals

  Rest • “I think [...] there should be a rest time.” (Y9)
• “[...] If it was as long as you like, then I would give

up. I would lay down and forget about it.” (Y9)

Implement specific durations for rest Assignments

  Equipment options • “[...] You could do an option so people that aren’t
used to exercising [...] can have a chair with them
[...].” (Y5/6)

Provide exercises using equipment to
facilitate safe and appropriate
exercise performance

Assignments and quests

Challenges
  Setup • “[...] There should be [...] a few different levels, so

an easy, a medium and a hard [...].” (Y4)
• “I think it would be nice [...] before you go to the

exercise you can type in how much you want to do
[...].” (Y12)

Provide different levels of intensity to
account for previous experience and
current capabilities and allow users to
select their own

Levels, quests, and goals

  Intensity
progression

• “[...] It [should be] updated [...] every two weeks
[...]. The exercise levels could change, [...] get
harder.” (Y8)e

• “[…] If you found it too hard, it can make the
exercises a bit easier next time” (Y9)

• “[...] Whenever you finish an activity, you can write
down what was easy or hard for you [...].” (Y7)

Allow intensity progression or
regression and user input to gain
feedback on perceived exercise
intensity

Assignments, quests, goals,
and levels

  Progress overview • “A form of motivation would be a progress bar,
[...] and over time you can see [how] well you
improve.” (Y12)

Provide progress overview graphs,
bars, or charts as motivational tool

Points, achievements, and
badges

Feedback
  Compliance • “[…] There could be a sensor, it could make sure,

seeing what you are doing, like saying out of 10, it
knows what you are doing” (Y5/6)

Consider sensor technology to track
movements and give feedback on
execution

Points and achievements

  Encouragement • “I thought it was a bit quiet, so “you can do this,” or
like “you’ve done great” or something” (Y9)

Provide audio encouragement during
or between exercises

Achievements

Cooperation and comparison
  Group exercise • “Maybe you could choose how many people do the

workout, so if you want to do it as a family then you
Give options for group exercise with
invited users

Friends, teams, and groups
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Category Participant quote Recommendation
Motivational affordance
design elements

could say partner round or how many people are
playing with and then you could have three different
avatars […]” (Y5/6)

• “It would be a good idea if, […] you could
FaceTime a friend whilst you’re doing the exercise
or you could have like a split screen thing where
you both do it and you can see what each other are
doing and like talk to them whilst doing it” (Y7)

  Social support • “Because your friends would probably encourage
you if you say this is hard, they would encourage
you” (Y7)

Allow users to interact with others via
call or chat feature

Friends, teams, and groups

  Performance
comparison • “Like a scoreboard with other people’s scores on

it.” (Y5/6)
Allow comparison between users via
visual aids

Leaderboards

aUndergraduate (UG) focus group.bY4: Year 4 focus group.cY5/6: Combined Year 5/6 focus group.dY7: Year 7 focus group.eY8: Year 8 focus group.fY9: Year 9 focus group.gY12: Year 12 focus group.

In addition to these improvements, participants discussed
options for incorporating gamification within the app, which
was mentioned to hold potential to attract users who usually
do not enjoy exercise. One participant added that “[...] rather
than playing games [...], [they] would be doing exercise”
(Y7). They felt it could be useful to use young people’s

interest in computer gaming or other activities and amalga-
mate this with the exercise-related features of an app. Table
4 contains an overview of gamified features proposed by
participants, linked to challenges and rewards as per the
motivational affordance mechanisms.

Table 4. Overview of suggested improvements for gamification by motivational affordance mechanisms.

Category Participant quote Recommendation
Motivational affordance
design elements

Challenges
  Exercise tasks • “[...] If you are jumping on the spot, [...] you can try

and beat your high score [...].” (Y4)a
Give personalized activity tasks Quests and challenges

  Cognition • “[...] You can add games that could teach them about
Maths and English [...].” (Y7)b

• “You could [...] match the [...] name of the exercise to
the actual exercise.” (Y8)c

Integrate games related to school
subjects or logical thinking

Quests

  Special interest • “[...] It might be good to teach them activities, [like]
how to shoot a basketball, how to dribble a football.”
(Y7)

• “[...] There could be [...] vocal exercises for people
who like singing.” (Y7)

Incorporate activities to train
special interests

Quests

  Virtual world • “[...] You could make the avatar do games, like football
or basketball [...].” (Y4)

• “[...] The avatar could do stuff at home, like as if it’s
them but in the game, [...] like going to school and
things [...].” (Y7)

Create virtual world for the avatar
to complete tasks

Quests

Rewards
  Virtual rewards • “[...] If you reach your [...] target for one day of

exercise you then [...] unlock the points and then you
can get something to customize your avatar a bit more
[...].” (Y9)d

• “[...] At the start of the app you could have the yellow
one and blue one but then when you complete [...] 10
exercises, you can unlock other [...] [colors].” (Y9)

Provide rewards (eg, via avatar
customization) for exercise
achievements

Credits, achievements, and
badges
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Category Participant quote Recommendation
Motivational affordance
design elements

• “[...] If you do [the exercise] amazingly, you could get
[...] stars and you could trade it in for [...] a little fun
game play.” (Y5/6)e

aY4: Year 4 pupils focus group.
bY7: Year 7 focus group.
cY8: Year 8 focus group.
dY9: Year 9 focus group.
eY5/6: Combined Year 5/6 pupils focus group.

In addition to the suggested improvements shown in Tables
3 and 4, and outside of the scope of features related
to motivational affordances, participants highlighted that
equipment for using the app should be user-friendly. For
example, phone screens should be of sufficient size (>6
inches), and tripods should be sturdy and easy to adjust.
Moreover, customization of the app interface (eg, by giving
options to change background colors), or of the avatar (eg,
by allowing users to change its features, such as age, gender,
skin color, hair, body composition, and clothes, or giving
nonhuman options, such as, animals or fantasy characters)
would be useful and could enhance engagement with the
exercise. It was also suggested that allowing users to play
their own music or select from a choice of songs could be
motivating.

Discussion
Principal Findings
This study explored user experiences of an AR exercise app
and mapped users’ suggested improvements against moti-
vational affordance mechanisms and design elements [24].
Most participants reported that they enjoyed using the app.
Participants found the demonstrations and varied exercises
useful but expressed some concerns regarding data safety
and functionality of the AR avatar. Suggestions included
improvements, such as additional educational components,
incorporating challenges and rewards, as well as a customiz-
able avatar and a social support feature, such as the possibil-
ity of exercising with family or friends. Additionally, some
suggestions, such as the integration of audio instructions for
a greater inclusive design, were made. Finally, users also
expressed concerns about personal data safety. When mapped
against the motivational affordances taxonomy, the sugges-
ted improvements aligned with mechanisms of user educa-
tion, challenges, feedback, cooperation, and comparison. This
study underlines the importance of incorporating a variety of
motivational affordances to account for different user needs
and preferences.
Motivational Affordances
Within this study, participants’ suggestions frequently
mapped against the taxonomy of motivational affordances
[24]. It is promising that motivational affordances incorpora-
ted within the current app, such as user education on how
to perform exercise, seem to be particularly effective in

improving physical activity levels among patients with cancer
in other research [39]. Participants in our study also suggested
new features, such as audio instructions, visual progress bars,
and the ability to connect with other users, highlighting the
need to further develop design features, such as achievements,
credits, and friends [24].

While current studies may assess the general usefulness
of mobile apps, a deeper exploration is needed to determine
how specific features drive engagement and thus encour-
age long-term physical activity, especially in populations,
such as pediatric oncology, which we know face additional
barriers to exercise. Currently, we may only understand the
usefulness of motivational affordances, and further research
should delve deeper into the mechanisms through which the
features work, for example, via belief in capabilities and
intentions [40]. Investigating these underlying mechanisms
could help optimize app design and ensure that interventions
are effectively promoting behavior change, and not only
short-term app use. Long-term engagement is particularly
important for survivors of children with cancer as physi-
cal activity levels are often lower than noncancer controls
[41], and observational studies have identified associations
between sedentary behavior and adverse effects on cardiome-
tabolic and bone health [42].
Gamification
For end users to use and positively benefit from an app,
they must actively engage with it. Our findings indicated
that incorporating challenges and rewards is preferred, which
is in line with other app research [43]. However, it has
to be considered that when using the app within clinical
populations, there may be contraindications (eg, treatment-
related side effects) that prohibit users from engaging with
the app, or some of its features, for a period of time. When
programming the app to provide challenges and rewards,
such as continuous usage streaks or increases in exercise
prescriptions, it is crucial to also incorporate rewards for
the performance of tasks achievable by all users. Addition-
ally, if participation is affected by a reason outside of the
users’ control (eg, treatment), they should not be negatively
affected (eg, losing a daily streak or points). The approach of
personalized gamification has been highlighted by Mahmoudi
et al [44], with the addition of customization, where users
can select elements they wish to use. Customization of
the app interface and avatar was a frequent suggestion
within this study. Avatar-based interventions, and specifically
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customizable avatars, have been shown to promote health-
related behavior change, including exercise [45]. Within
the motivational affordance taxonomy, there is no clearly
defined mechanism dedicated to “customization” [24]. While
customization as a reward or as a transactional element
involving earned coins may be conceptually aligned with
the motivational affordances design features of credits or
achievements, there is no explicit mechanism pointing toward
users customizing features (eg, interface or avatar) without
first fulfilling certain criteria or earning that capability. While
customization may be a popular demand, future research
should explore whether being able to personalize apps is
motivating in itself or whether the motivation is attached to
the act of “earning” the reward in order to do so.

Social Support
The results showed that having a social support feature, such
as being able to exercise with family members or friends,
may be beneficial for app engagement and links well to
friends, teams, and group mechanisms within the taxonomy
of motivational affordances [24].

Family apps have been seen to have promising effects
on physical activity levels and psychosocial outcomes
by promoting child-parent exercise [46]. Including social
features in exercise apps for children with cancer may
enhance engagement and motivation. One study [47] found
that physical and social activities merged when ambassa-
dors (ie, peers or siblings) participated alongside survivors
of childhood cancer, supporting enjoyment and adherence.
Integrating peer interactions into digital platforms could
replicate these benefits, promoting physical activity and
well-being. While the current app does not have this feature
due to the restrictions of data protection and safety, this
concept may be of interest when considering the isolation and
reduced opportunities for social interaction often experienced
by children with cancer [48].

Interestingly, 1 participant revealed a different perspective
and highlighted that the app could be a useful tool for those
who do not have family members or friends who exercise.
It was mentioned that the AR avatar could serve as a form
of “digital friend” who could positively influence exercise
participation, which was in line with findings from a study
conducted by Thorsteinsson et al [47]. There is some initial
research on a sense of belonging and digital support received
from apps that can positively influence physical activity
levels [49]; however, the findings of this study underline the
importance of exploring this concept more comprehensively.

Accessibility
The results highlight a need to enhance accessibility within
mHealth applications, particularly through the extension
of existing motivational affordance mechanisms, such as
assignments, to better accommodate diverse user needs and
promote inclusive design. For instance, the inclusion of
a text-to-speech function was recommended, which would
provide meaningful support for users with reading difficul-
ties or visual impairments. This recommendation aligns with
existing research emphasizing the importance of designing

inclusive digital experiences [50]. The evidence highlights the
importance of accessibility features, such as voice control,
voice over, color contrast, and easy access controls, to ensure
apps are usable for individuals with disabilities [50]. These
features are particularly relevant in physical activity apps,
where ease of use and clear instructions are essential for safe
engagement. For example, individuals with visual impair-
ments may rely on voice commands and audio feedback to
navigate exercise programs, while those with motor disa-
bilities may benefit from customizable controls that allow
for seamless interaction. Therefore, app developers should
consider the inclusion of such features to ensure inclusivity
and enhance user satisfaction across diverse populations.
Data Safety
Results highlight concerns regarding the appropriateness of
the app collecting and potentially sharing personal data (eg,
age). It is important to recognize that the use of an app
that requires any user input should be accompanied by
relevant training and information for users. It is expected
that, by providing extensive information to users and their
parents or guardians, concerns may be mitigated effectively,
with users satisfied and subsequently willing to provide
accurate information. It has been widely acknowledged that
the increased volume of data available through the use of
mHealth tools, such as apps, can indeed be used to pro-
vide better services if current data protection and sharing
regulations are adhered to [22]. Looking ahead, due to the
frequent multicomponent treatment approach for children and
young people with cancer, it would be crucial to explore
how user data within apps (eg, rate of perceived exertion
and exercise duration and intensity) can be integrated within
digital health records for a more comprehensive treatment
approach. As part of such evaluations, specific mHealth
reporting and assessment guidelines, such as the mHealth
Evidence Reporting and Assessment checklist, should be used
[51].
Strengths and Limitations
This study provides a rich and in-depth understanding of
user experiences when using the app, allowing researchers
to study potential unexpected patterns in how users inter-
act with the different app features. Mapping results with
motivational affordances allows for a better understanding of
certain features that might be more motivating and support
app engagement within this population. Our findings can
inform the development of effective mHealth tools that
support behavior change in the field of exercise and physi-
cal activity as well as guide future interventions, including
more personalized, user-centered approaches to digital health
technology.

Despite our study’s strengths, it is important to acknowl-
edge limitations. First, this study recruited healthy partici-
pants. While some perceptions of the app’s functionality
are expected to be comparable between patients with cancer
and healthy age-matched peers, there may be differences in
the usability of the app between these 2 populations. Some
pediatric patients with cancer may have a unique motivation
with regards to exercise and physical activity, as well as
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different physical and cognitive needs and preferences; user
experiences of some features could differ. Currently, the AR
app is at technology readiness level 5. Future studies with
the intended clinical population would progress the app to
technology readiness level 6.

Second, the study targeted a broad age range (8‐21 y),
while the app itself remained largely static across all ages.
While differences in cognitive ability, physical capability,
accessibility, and design preferences may mean that some
features are less engaging for certain age groups, given the
lack of existing AR apps for this population. This approach
is also pragmatic, considering the high costs associated with
technology development, allowing initial feedback to inform
improvements before investing in age-specific customiza-
tions.

Third, this study focused on short-term app interaction.
Given that the app is designed to support exercise prescrip-
tions over several weeks, the brief duration prevented the
assessment of features influencing longer-term adherence.
Although the controlled setting allowed for the collection of
immediate feedback, it did not capture the evolving experi-
ences users may have during extended use. Future studies
should incorporate longitudinal testing to better understand
long-term engagement and identify which features support
ongoing use.

Finally, there was also the potential of researcher bias in
the study, as the investigators had a background in sport and
exercise science, which may have influenced how data were
interpreted or which themes were prioritized.

Despite these limitations, the study provides valuable
foundational evidence to guide improvements to the app and
inform future research on implementing mHealth tools within
pediatric exercise interventions.
Conclusion
Theory-driven evidence for best practice on mHealth apps is
often inconsistent or not focused on the overall user experi-
ence. This study explored young people’s experiences of an
AR exercise app and mapped suggested improvements onto
the motivational affordance mechanisms and design elements.
Users identified several ways the app could be strengthened,
including the addition of educational content, challenges and
rewards, a customizable avatar, and social features that enable
exercising with family or friends. Suggestions also highligh-
ted the need for greater inclusivity through features, such as
audio instructions, and clear safeguards around the security
of personal data. Mapping these recommendations onto the
motivational affordance taxonomy revealed alignment with
mechanisms, such as assignments, achievements, friends,
groups, and credits, underscoring the diversity of motivational
pathways that can support engagement. Further research
directly involving children and young people with a child-
hood cancer diagnosis is planned to further explore the
preferences of those facing unique barriers to physical activity
and exercise. Such work will also be crucial for advancing the
technology readiness level of the intervention by testing the
app with the intended population in real-world settings.
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