PLO\S\*\'- One

L)

Check for
updates

E OPEN ACCESS

Citation: Murawski B, Collins KE, Viljoen B,
Pearse EC, Vicario J, Stiller A, et al. (2026)
Co-design of Lifestyle6, a digital tool targeting
multiple health behaviour changes for cancer
risk reduction and early detection support.
PLoS One 21(4): e0347311. https://doi.
0rg/10.1371/journal.pone.0347311

Editor: Buna Bhandari, Tribhuvan University
Institute of Medicine, NEPAL

Received: May 27, 2025
Accepted: March 31, 2026
Published: April 16, 2026

Peer Review History: PLOS recognizes the
benefits of transparency in the peer review
process; therefore, we enable the publication
of all of the content of peer review and

author responses alongside final, published
articles. The editorial history of this article is
available here: https://doi.org/10.1371/journal.
pone.0347311

Copyright: © 2026 Murawski et al. This is an
open access article distributed under the terms
of the Creative Commons Attribution License,
which permits unrestricted use, distribution,

RESEARCH ARTICLE

Co-design of Lifestyle6, a digital tool targeting
multiple health behaviour changes for cancer risk
reduction and early detection support

Beatrice Murawski'?, Katelyn Emma Collins@®"**, Bianca Viljoen®'*,
Emma Charlotte Pearse(', Jazmin Vicario'!, Anna Stiller', Hannah Grennan®,
Grant Brown?®, Lee Woods(¢, Sonja March’, Belinda Goodwin'"#

1 Viertel Cancer Research Centre, Cancer Council Queensland, Fortitude Valley, Queensland, Australia,
2 School of Public Health, University of Queensland, Herston, Queensland, Australia, 3 School of
Psychology and Wellbeing, University of Southern Queensland, Springfield, Queensland, Australia,

4 School of Nursing and Midwifery, University of Southern Queensland, Toowoomba, Queensland,
Australia, 5 Prevention and Early Detection, Cancer Council Queensland, Fortitude Valley, Queensland,
Australia, 6 Queensland Digital Health Centre, Faculty of Health, Medicine and Behavioural Sciences,
The University of Queensland, Herston, Queensland, Australia, 7 Centre for Health Research, University
of Southern Queensland, Springfield, Queensland, Australia, 8 School of Global and Population Health,
University of Melbourne, Victoria, Australia

* u1160643@umail.usg.edu.au

Abstract

Up to 40% of all cancers diagnosed could be prevented through the uptake of healthy
lifestyle behaviours. This paper describes the co-design of a novel community-
centric digital programme for cancer prevention and early detection support.
Twenty-two community panel members partook in a series (i.e., three group-based
sessions followed by one individual session) of iterative online workshops to co-
design the programme. Based on established Design Thinking principles, the work-
shops aimed to i) identify barriers to access and use of existing cancer prevention
information and support, ii) explore consumers’ needs and preferences for informa-
tion and support related to cancer risk reduction and early detection, iii) generate
ideas for a digital solution to address those, and iv) seek panel members’ feedback
on a digital prototype developed in line with the insights from previous stages. The
key barriers to accessing cancer prevention and screening support identified by
the panel included limited availability and knowledge of cancer-specific resources
alongside a paradoxical information overload regarding generic options. Panel
members expressed concerns about information accuracy and relevance, while time
constraints, financial limitations, and motivation deficits further impeded resource
engagement. Regarding prototype preferences, participants prioritised accessibil-
ity, diversity, communication and connectedness, usability, and personal relevance
as essential design elements. Digital solutions for cancer prevention and screening
support should offer a customised experience, while catering for varying practical
constraints and motivational challenges.
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Introduction

With approximately 20 million new cases and 10 million deaths per year, [1] cancer
remains a significant global health challenge, placing a significant burden on health-
care systems worldwide. While cancers often arise from immutable factors such as
DNA damage and genetic risk factors, a host of lifestyle factors such as tobacco

and alcohol use, physical inactivity, and dietary behaviours are also associated with
elevated cancer risk [2]. In fact, research indicates that 30—50% of cancers (partic-
ularly solid tumours) could be prevented through the adoption of healthy lifestyle
behaviours [2—4,5]. As such, encouraging and empowering members of the public to
consume a balanced diet, engage in regular physical activity, avoid tobacco products
and alcohol, and use sun protection could drastically reduce the global cancer burden
[6,7]. In addition, among cancers which can be reliably screened for (e.g., breast,
bowel, and cervical), screening programs can significantly enhance early detection,
reducing mortality rates [8]. However, such screening programs do not exist for most
cancers, and are typically only available for subsets of the population identified to be
at elevated risk [9]. Therefore, it is critical to consider lifestyle interventions to reduce
cancer risk which may benefit the population as a whole.

Evidence suggests that “spillover” effects are observed between various modi-
fiable risk factors, wherein improvements in one lifestyle behaviour often promote
improvement in others [10]. For example, increased physical activity is known to pro-
mote better dietary choices and enhance sleep patterns, with some behaviours (e.g.,
physical activity and sleep) showing a bidirectional relationship [11,12]. Despite their
common co-occurrence and reciprocity [13—15], interventions aimed at improving
lifestyle behaviours typically target single risk factors in isolation. This may represent
a missed opportunity, given those with multiple risk factors have a higher chance
of getting cancer and also face susceptibility to a wider range of cancer types than
those with one or no risk factors [16]. However, complex behaviour change pro-
grammes that deliberately leverage the interconnectedness between behaviours are
required to maximise outcomes.

Mobile health (mHealth) solutions offer distinct advantages to meet the require-
ments of complex behaviour change programmes where broad reach, high-level
tailoring and extended support are critical [17]. They are relatively easy to dissem-
inate, scale up and adapt, whilst enabling sophisticated personalisation through
adaptive algorithms that respond to individual user characteristics, preferences, and
progress to deliver well-calibrated interventions when needed [17,18]. The persistent
presence of smartphones in daily life creates natural opportunities for gentle nudges
that can reinforce behaviour change principles without requiring substantial time com-
mitments. Furthermore, mobile platforms can incorporate interactive features such
as goal-setting tools, progress visualisation, and achievement systems that support
the complex psychological mechanisms and individual barriers underlying behaviour
change [19].

Recent reviews of mHealth behaviour change interventions indicate outcomes are
mixed, with intervention effects typically ranging from small to moderate [20—32], with
low user engagement emerging as a primary limiting factor [33]. The reasons for poor
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engagement include a lack of perceived relevance, insufficient personalisation, limited usability, and individual personal
barriers [34,35]. A fundamental issue underlying these challenges is that most programmes are designed without mean-
ingful end-user involvement, with user feedback often restricted to post-implementation evaluation.

The use of co-design approaches such as Design Thinking in intervention development have emerged in attempt
to combat this issue [36—38]. Design Thinking aims to engage consumers in the conceptualisation, development and
refinement of interventions, ensuring that the end product is representative of the target population and their lived experi-
ences [34,35]. This, in turn, may increase the likelihood of successful programme uptake and sufficient engagement [39].
Moreover, this collaborative approach ensures that health promotion initiatives are both socially acceptable and culturally
appropriate [40,41], thereby maximising the potential reach and impact of the intervention.

To date, a cancer-specific behaviour change programme with the capacity to address multiple health behaviours has yet to
be developed, and the needs and preferences of consumers likely to engage in such a platform are unknown. Such targeted
approaches could better address the contextual challenges of preventing particular diseases (e.g., cancer) and potentially
yield better engagement rates [42,43], with the added benefit that risk factors known to reduce cancer risk also reduce the risk
of other non-communicable diseases [44]. This manuscript describes the design (i.e., Phase |) of Lifestyle 6 — a novel digital
cancer risk reduction and early detection support programme that was co-designed with a large panel of community members.

Methods
Study design

This qualitative study was informed by the Learning Health Systems Framework [44] and the Behaviour Change Wheel [45].
The stage-wise community consultation process detailed here, followed established Design Thinking principles [36]. Design
Thinking is a powerful approach to human-centered digital design that offers a multi-stage method for the iterative design
and testing of user-informed solutions [42]. As such, it suits the complex challenges associated with cancer risk reduction
and early detection. The stages of Design Thinking include: Empathise (aiming to understand the issue as experienced

by those affected), Define (in which users generate guiding problem statements to anchor the design process), Ideate (in
which users generate radical design alternatives), and Prototype (in which user input is synthesised into a trial version of the
final product or system presented to users for feedback) [42]. throughout these stages, the Behaviour Change Wheel was
integrated to facilitate the systematic translation of qualitative insights into evidence-based, actionable suggestions to inform
development of a program capable of eliciting lifestyle behaviour change [45]. This manuscript follows the consolidated cri-
teria for reporting qualitative research (COREQ) (see S1 File) [46,47], a 32-item checklist describing best practice reporting
of the methodology, design, and analysis of qualitative interview and focus group studies The study received ethical approval
from the University of Southern Queensland Human Research Ethics Committee (Reference #: ETH2023-0359).

Setting

Cancer Council Queensland is a not-for-profit organisation dedicated to reducing the impact of cancer in the Australian
State of Queensland. The organisation occupies a unique position to drive public awareness related to cancer risk and
early detection, provide useful resources, and deliver behaviour change support. To enhance innovation and ensure
diversity of perspective, a group of subject matter experts in behavioural science, health psychology, epidemiology, ser-
vice delivery, digital health, human-centred design and eLearning was actively involved in the various project stages. The
project team is described in detail in S2 File.

Participants and recruitment

Participants were eligible if they were English-speaking Queensland residents, aged 18 or older, had internet access on a
device that supports videoconferencing, and availability to attend four online panel meetings. Participants (herein referred
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to as community panel members) were purposively recruited through a paid, targeted social media (i.e., Facebook)
campaign throughout November 2023. Social media advertisements included a link to an electronic expression of interest
(EOI) form (see S3 File) hosted on Research Electronic Data Capture (REDCap). Interested individuals were screened
against pre-defined eligibility criteria and asked to provide their main reason for participation, occupation, ethnicity and
availability (i.e., mornings, afternoon, evenings). This information was used to facilitate member selection and group
allocation, aiming for heterogeneity between groups and homogeneity within groups. Selected individuals were notified
via email and asked to provide informed consent to participate (including consent to publish de-identified excerpts of the
interview transcripts) via reply email. Eligible individuals also received a copy of the full participant information statement
(S4 File), a privacy and confidentiality agreement (S5 File) and a set of ground rules (S6 File) for participation in the
online workshops. After obtaining consent from the selected individuals, the community panel was divided into five smaller
groups. After each attendance, panel members were reimbursed with grocery eGift vouchers valued at $50 per hour (i.e.,
$100 per 2-hour workshop).

Data collection

The design process used in this study encompassed three rounds of group-based workshops (i.e., design stages
Empathise, Define, and Ideate), and one round of individual workshops (i.e., design stage Prototype). All workshops were
held online. A minimum of two and no more than eight panel members were invited to each group workshop. Workshop
structures and activities were standardised for all sessions. All facilitators were briefed prior to the workshops commencing
and followed a set, pilot-tested session script and protocol.

The group-based workshop activities completed in the first three stages generally encouraged divergent thinking with-
out any major design limits imposed, in alignment with Design Thinking Principles [42]. In contrast, the Stage 4 (Prototype)
workshops were conducted in one-on-one format and took a convergent approach, where the goal was to integrate the
input from previous workshops to arrive at a solution that reflects collective understanding and agreement. A Think Aloud
protocol was used for these sessions to encourage panel members to verbalise their thoughts and viewpoints as they
perused the prototype [48]. Further details on the format, duration, activities, data collection and analyses by each Design
Thinking stage is provided in Table 1. During the workshops, the digital canvas platform, Padlet, was used [49]. This
allowed panel members to collaboratively brainstorm, sharing ideas and links to other media (such as Word documents)
in real time. Upon completion of all focus groups, panel members were invited to complete the Public and Patient Engage-
ment Evaluation Tool (PPEET) 2.0 [50,51] to provide feedback on their experience throughout the engagement process
(see S7 File).

Given the established benefits of online interview methods, including greater convenience, participant reach, and reten-
tion [52], all workshops were hosted on Microsoft Teams, recorded, and auto-transcribed. Transcripts were de-
identified and cleaned by the facilitators prior to analysis. The cleaned transcripts were not returned to the panel members
for comment or correction as the session recordings were used to validate transcripts where clarification was required.
Field notes were taken during the online workshops and consolidated afterwards. S8 File contains further details on ses-
sion structure and content.

Online workshops were scheduled in a sequential pattern, where all workshops per stage were completed, and the
associated data cleaned, consolidated and synthesised prior to the next stage commencing. Insights from the between-
stage data syntheses were used to inform the content and direction of subsequent stages and workshops and the proto-
type as such. Where summaries of the preceding stage were presented (i.e., Stages 2—4), panel members also had the
opportunity to comment on the accuracy of key insights. This approach helped maintain continuity between workshops
and alignment with key project goals and desired outcomes. It further enhanced engagement due to panel members
feeling validated and valued, which fostered a sense of ownership and impact, demonstrating transparency regarding the
decision-making process [53].
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Table 1. Overview of panel workshops and key activities by Design Thinking stage.

Stage Aims/Objectives Format/Duration Activities Data collected Analysis

1. Empathise | To explore commonly experienced frustrations and 5 groups with 3—7 panel | * Icebreaker » Microsoft Teams | * Thematic
barriers and how they relate to general perspectives, members (N=22); sup- |« Alignment recordings (10h) | analysis
attitudes and/or previous experiences (e.g., usual ported by two facilita- » Open discussion | * Transcripts * Empathy
engagement) with cancer risk reduction and screening | tors; 120 min duration * Chat history maps
programmes or services. « Padlet posts * Personas

2. Define To define the problem in clear terms. This involved 4 groups with 2—8 panel | « Empathise ses- * Microsoft Teams | « Thematic
synthesising information from the empathy stage to members (n=21); sup- | sion recap recordings (8h) analysis
articulate the key frustrations and barriers that need ported by two facilita- * Review personas |« Transcripts * Problem
addressing and revisit those with panel members to tors; 120 min duration * Define problems | « Chat history statement
form an actionable problem statement and a corre- and needs « Padlet posts * Needs
sponding needs statement. » Open discussion statement

3. Ideate To brainstorm a wide range of ideas and potential 4 groups with 2—6 panel | * Define session * Microsoft Teams | « Thematic
solutions to address the previously defined problems members (N=13); sup- |recap recordings (8h) analysis
and barriers, followed by ranking of ideas and solutions | ported by two facilita- * Brainstorming « Transcripts
proposed by end users based on priority or perceived | tors; 120 min duration » Open discussion | » Chat history
importance to help identify core components or fea- « Padlet posts
tures that are considered non-negotiable and should
form part of the initial prototype/s.

4. Prototype | To create a low-fidelity representation of the ideas gen- | N=17 individual (one- * [deate session » Microsoft Teams | * Thematic
erated in the previous stage to visualise key concepts | on-one) workshops; recap recordings (17h) | analysis
and gather user feedback (i.e., strengths vs. areas each supported by * Think Aloud « Transcripts
for improvement) for further refinement using a Think one facilitator; 60 min protocol
Aloud protocol. duration

Note. Stage 5 (i.e., to implement and test the program) will involve testing and evaluating the final platform by real-world users to determine reach, up-
take, usage patterns, impact on cancer risk factors and early detection practices (i.e., preliminary efficacy), perceived acceptability, appropriateness and
usability and is not reported as part of the present paper.

https://doi.org/10.1371/journal.pone.0347311.t001

Data analysis

Interviews were audio-recorded in Microsoft Teams and transcribed verbatim. Interview facilitators (BM, KC, BV)
reviewed transcripts for accuracy, corrected as needed and anonymised any identifiable comments. Transcript de-
identification and cleaning was completed independently by all four facilitators and thematic analyses were conducted
by BV. Transcripts were reviewed for clarity by interview facilitators with disagreements in perceived meaning resolved
through discussion.

The cleaned and de-identified transcripts from each design stage were analysed (by BV) in NVivo V14 using an induc-
tive thematic analysis approach as recommended by Braun & Clarke [54]. BM reviewed theme categorisation to improve
reliability and validity of the data and the coding tree and its explanations were repeatedly discussed among the research-
ers (BV, KC, BM) until consensus was reached. The final codes were used to generate a list of themes that emerged
in relation to the research objectives of each design stage. Summaries of themes were prepared for incorporation into
subsequent workshops and complemented using data visualisation and user experience (UX) design tools such as per-
sonas and empathy maps. Personas and empathy maps are design thinking techniques used to explore the perspectives
and experiences of consumers, ensuring that the end product meaningfully addresses their needs.. Personas involve the
development of a series of fictional product users based on interview data, and are intended to anchor the development
process around an understanding of who the product is designed for [55]. An empathy map is a collaborative tool that
enables consumers to identify what product users “say, think, do, and feel”, providing deeper insight into the needs and
expectations of the intended user base [55]. Together, these tools aim to solidify consumer involvement in the design pro-
cess to improve user experience of the end product [56,57].
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To support prototype design, we applied a structured two-step approach based on established behaviour change con-
structs. First, we mapped the identified themes from stages one and two which captured frustrations and barriers to the
COM-B (i.e., capability, opportunity, motivation-behaviour) framework domains and its respective sub-domains (i.e., phys-
ical and psychological capability, social and physical opportunity, automatic and reflective motivation) of the Behaviour
Change Wheel [45]. The identification of specific intervention functions that could be used to address each theme was
conducted in the second step and involved mapping the data from the third (i.e., ideation) stage to the corresponding
evidence-based behaviour change techniques (BCTs).

Results
Study participants

A total of 110 out of 125 individuals who completed the expression of interest form were eligible to participate (Fig 1).
Invitations to enrol as a panel member were sent to eligible individuals until a total of 30 consent forms were returned

via reply email. Thirteen group-based and 17 individual workshops were held. Of the 30 consenting individuals, 22 were
available to attend a workshop in Stage 1 (held in January to February 2024), 21 attended in Stage 2 (held in April to
May 2024), 13 in Stage 3 (held in August to September 2024) and 17 in Stage 4 (held in November 2024). A total of 11
panel members attended a workshop at each of the four design stages, seven members attended three workshops, three
attended two workshops, and two members attended only one of four workshops.

At the outset, two of the groups consisted of all male members, three groups consisted of all female members and a
wide age range was represented in all five groups. The homogeneity observed between gender (all groups) and occupa-
tion (groups 1 and 3) was unintended but the research team did not intervene. Evidence suggests that while heteroge-
nous focus groups facilitate new idea generation, homogeneity can drive connection, honesty, and openness [56,57], both
of which are relevant processes in facilitating effective focus groups for this purpose. Table 2 contains further information
on group composition, characteristics and reasons for participation.

Expressions of interest (EOI) sought via social media

EOI form incomplete (n=10)
Interested (N=125) <
Ineligible (n=5)

Invited (N=47) Waitlisted (n=63)
Not available (n=5)
Consented (N=30) <
Unresponsive (n=3)
Stage 1 (n=22) [—| Stage 2 (n=21) [—| Stage 3 (n=13) [— Stage 4 (n=17)

\‘ Completed online survey (n=12)

Fig 1. Diagram illustrating the flow of panel members throughout the design process.

https://doi.org/10.1371/journal.pone.0347311.9001
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Table 2. Stage 1 panel member characteristics and group composition (N=22)*.
Gender N (%)

Female 14 (64)
Male 8 (36)
Country of birth N (%)
Born in Australia 19 (86)
Born overseas 3(14)
Age (years)
Range 23-73
M (SD) 43 (16)
Geographic distribution N (%)
Southeast Queensland 20 (91)
Brisbane 12
Moreton Bay 3
Sunshine Coast 3
Darling Downs 1
Gold Coast 1
Central Queensland 2(9)
Bundaberg 1
Mackay 1
Group composition
Group 1 3 males, all with an IT background
Group 2 5 males, various occupations
Group 3 4 females from community services
Group 4 7 females, various occupations
Group 5 3 females, various occupations
Main reason for participation N (%)
Having a relative/friend affected by cancer 7(32)
Personal history of cancer 5(23)
Desire to help/make a difference 6 (27)
Interest in cancer research 4 (18)

Note. In later stages, Groups 1 and 2 (all-male groups) were merged into one. The three all-female
groups were restructured to accommodate scheduling needs. Throughout all stages, gender composition
remained consistent with exclusively male or female groups.

https://doi.org/10.1371/journal.pone.0347311.t002

Summary of panel perspectives: Empathise and Define

The key objectives of the Empathise and Define sessions were to empathise with end users and define the problems they
are challenged with when seeking information and support services for cancer risk reduction and early detection. Based
on the thematic analyses of data from these design stages, three main themes and a range of sub-themes representing
prevalent frustrations and barriers related to cancer prevention and screening emerged (see Table 3).

Summary of panel perspectives: Ideate

Then, in the Ideate stage, the aim was to shift from problems to solutions by asking the panel groups how the frustrations,
barriers and needs identified during previous stages might be addressed. The brainstorming activities completed by the
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Table 3. Overview of common frustrations and barriers experienced by panel members.

Description

Example Statement

Theme 1: Availability and knowledge of resources and support options

The groups consistently expressed dissatisfaction and confusion related to
accessing and linking trustworthy pieces of information related to cancer
prevention and early detection, including easy-to-comprehend and com-
pelling research findings (i.e., in layman’s terms, etc.).

“There’s no one place that’s the official, credible source of all truth. That
whole one stop shop platform that you’re seeking this information from.
Where do | go? Do | go to a government site? Do | go to a medical site?”

Those ineligible for existing screening programmes (i.e., due to young
age) expressed some frustration about the limitations of existing resources
on self-checking for cancer symptoms (e.g., feeling for lumps or monitor-
ing moles) and uncertainty about when and how to discuss concerns with
healthcare providers.

“I've definitely looked for ways to access screening services but there’s
not much available for young people and you have to wait around until you
reach a certain age or meet the eligibility criteria, and it would be so cool
if screening services were available earlier that, perhaps screen for other
things that are still relevant to cancer and health risks.”

When encouraged to reflect on potential barriers to accessibility, panel
members suggested there might be limited awareness of where to search
for relevant resources and who to trust when it comes to digital health
information, or issues with the practical application of generic information
to individual circumstances and cancer risk more broadly.

“Helping people access support is not always about solving problems for
them, it's about empowering people to solve problems on their own and in
line with their situation and needs. So, it’'s important to have a story behind
the development of new initiatives/programmes and a clear intention or/
purpose and to do no harm.”

Amongst those eligible for existing screening programmes, concerns were
shared about specific barriers to access (e.g., lack of local services, lim-
ited relevancel/trust) encountered by those living in rural and remote areas
and by First Nations people.

“Seems like people want to be able to do more and be more engaged with
their health, but they’re coming across barriers in the system. Doesn’t seem
accessible for them. And they’re becoming quite frustrated.”

Theme 2: Information overload, accuracy and relevance.

This theme refers to people’s ability to process, understand, and follow
the health information currently available. For example, participants noted
that existing information sources were either too generic, making it seem
unachievable, irrelevant or unrelatable (i.e., cancer may not actively affect
everybody in the present), or too dense, detailed, and complex, making it
difficult to engage with.

“I think sometimes the information’s too general in terms of your own spe-
cific plan or your own specific needs. Or there’s too much information. And
you can get overloaded.”

Engaging others (e.g., peers, friends or family members) in cancer-related
information is particularly challenging if they do not view themselves as at
risk of cancer.

“Until I was 40 or so, I'd had no major health problems. So, you know, | was
feeling good. Thinking, I'm bulletproof. Everything’s gonna be OK, and I'd
never done any checkups or anything at all.”

There appears to be a breadth of misinformation about cancer risk and
prevention online, potentially driving misconceptions as well as relativity
biases (e.g., cancer as a disease of old age) and intentions to change.

“One of the biggest things about misconceptions is that, as we all see with
social media these days, it catches on like wildfire.”

Theme 3: Time, money and motives

Existing solutions can be burdensome and/or expensive. With busy
lifestyles and limited financial resources, many panel members admitted to
struggling with the prioritisation of preventative health measures that offer
no immediate, tangible benefits.

“That’s why it’s so overwhelming, people are just so time poor. They’re not
even going to take themselves to the doctor. | know that I will only take
myself to emergency. My children come first. Five doctor’s appointments
is a lot of money when you're not getting bulk billed (i.e., incurring out-of-
pocket fees).”

There is a lack of incentivisation regarding efforts towards cancer risk
reduction. Panel members further discussed that those caught in the daily
demands of work, with family or carer responsibilities, cancer prevention
often becomes deprioritised against more pressing concerns with visible,
short-term outcomes.

“The biggest thing for me is that I'm just time poor and it’s not a priority if
it’'s about prevention of something that might happen in maybe 10 to 20,

or 30 years, unless it’s sun damage, which I'm very concerned about. You
know, there are other things that | need to do in my immediate future right
now. Like, | need to renew my driver’s licence and pay my car registration. |
need to find a place to live. There are all of these other immediate priorities,
and it’s just not a priority when there’s such a big barrier with all the known
complexities.”

Note. Capability: A person’s physical and psychological ability to perform the behaviour/s. Opportunity: External factors that facilitate or discourage the
behaviour/s. Motivation: The desire to perform the behaviour/s at a specific moment.

https://doi.org/10.1371/journal.pone.0347311.t003

panel groups generated a large volume of ideas and suggestions on what should be incorporated into the digital proto-
type. The data from this stage were categorised into five target themes. These are described in Table 4, with supporting

quotations provided.
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Table 4. Overview of panel ideation and suggestions for the prototype.

Description

Example Statement

Theme 1: Accessibility

A comprehensive, user-friendly platform
that is widely promoted, ensuring easy
access for all users through a memorable,
cross-promotional approach (connect-

ing users with existing Australia-based
resources and services).

“A system that’s widely advertised so no one misses the oppor-
tunity to learn about the programmes that are in place. So, |
don’t know how that’s done, but just needs to be out there for
people to see to know about it’.

“Links to access different organisations and help. So that you
don’t have to go out of the one platform and sort of open all
different pages to view all different organisations.

Theme 2: Diversity

An inclusive design that caters to users with
varying demographics, literacy levels, ages,
and cultural backgrounds, by providing per-
sonalised, relevant content that resonates
with different user groups. Snapshots of the
latest research findings and learnings from
the programme as such should be provided
in a jargon-free format.

“One of the things | thought was important was having a
system that allows for various levels of IT experience. Because
particularly if people are older, they may not...well, a lot of them
can’t use it very well. So, we need to allow for that. I'm not sure
how that happens, but anyway”.

“Design the platform in a way that is relevant to a broad and
diverse cross section of the public so that the content and
material published, or the platform can reach lots of different
people”.

Theme 3: Communication and connectedness

A robust communication system featuring
interactive chat functions with both bot and
human support, flexible notification options
with user-controlled frequency, expert-
moderated Q&A forums and feedback
mechanisms to continuously improve user
experience. In addition, there is a desire
for people to connect with other users and
peers, view and/or share testimonials and
relatable stories, and to participate in local
in-person events and current research
projects or trials.

“Somebody else mentioned some sort of push notification
thing. I really like that idea as much as people hate push notifi-
cations. As long as you can turn it off and it’s opt-in instead of
opt-out, that’s all good”.

“I think it’s a really valuable idea because it improves the web-
site’s function if there’s a way of people giving that feedback.
[...] and maybe if there’s some means of that feedback saying
would you like to link to somebody that can give you more
information or something?”

“Progress tracking links for more longer-term risk factor man-
agement with potential tie in with programmes such as quit
smoking”.

“Health trackers which could potentially tie into third party
applications or tools to track the symptoms and potential risk
factors. More so on the lifestyle side for, say, smoking and
drinking”.

“From a really positive user engagement perspective, allowing
the app to interface with social media applications to share
badge achievements particularly on Facebook and Instagram,
where those kinds of badges are a nice fun way of really
getting the awareness out there to friends and family and
community”.

Theme 4: Usability

An intuitive, user-friendly interface that
supports assisted technologies, allows easy
navigation (i.e., minimal time and clicks)
and information management, provides a
responsive design across different devices
and includes features like voice commands
and history tracking.

“Voice commands. Available in different languages. That’s
probably not that unique and some websites have that”.
“Ensure the platform’s content can be understood by people
from different cultural backgrounds. Have the ability to switch
languages. So, on some websites you can toggle between
having it presented in English or another language. You can
basically click a button, and it can convert all the content to
another language. | don’t know how difficult that is to do that.
That could be handy’.

“Ensuring the platform [allows me to] use assisted technolo-
gies like screen read magnifiers, navigation switches and stuff
like that. Like that’s more for people who might have difficulty
actually reading the content on screen”.

(Continued)
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Table 4. (Continued)

Description Example Statement

Theme 5: Personal relevance

Users seek personalisation through tailored | “Design the platform in a way that allows people to create a

content based on their input (e.g., self- ‘profile’ that they can populate with as much or as little info as
assessment forms or tools) and prefer- they personally desire”.

ences (e.g., custom settings for reminders “What came to my mind when | thought about an engaging
and notifications and a personal resource app was having the opportunity to offer personalised content,
library). based on a user profile, so particularly age, gender, a fam-

ily history that can direct and steer and highlight certain risk
factors and then following from that are tailor recommendations
and reminders based on those particular risks from the user
profile. So, for example, for females, regular breast screening
check-ups”.

Also tying into that is that you could probably also augment or
chunk or split out the quiz journey across a few several mod-
ules in line with the achievement badges and that you could
have a nice little short risk assessment quiz at the beginning
of the journey, just nothing too overwhelming that can do some
initial personalisation for their journey, and then as part of the
achievement badges, they can be incentivised or enticed to
further round out their risk assessments or risk improvement
Jjourneys by filling out further insights or information within the
app as part of the achievement badge journey. So that’s a neat
way of chunking it so that can kind of get what you need up
front without being overwhelming and at the same time give
users a pathway to interact with the app as little or as much as
they want in a fun and visually appealing way’.

“And then potentially around the early detection support pro-
gramme, | thought into that little bit further and thought about a
section in the app for listing in the geolocation, all of the near-
est screening areas that are geo optimised for the app user for
them to know where their nearest screening area is based on
their location”.

https://doi.org/10.1371/journal.pone.0347311.t004

Taken together, the panel members suggested the prototype should deliver actionable information by offering clear next
steps with any recommendations made and provide a fully customised user experience based on full settings control (e.g.,
reminder types and frequency). Full settings control is a UX concept where users can have visibility, flexibility and mastery
over their settings [58], allowing them to tailor the interface (e.g., content) to improve their satisfaction of the experience
[59]. Short surveys (i.e., self-assessments) that tailor content further over time and the ability to filter and collate relevant
information as needed were also suggested In addition, there was strong emphasis on the need for a social space where
users could connect with one another.

In preparation for the Prototype stage, the themes that emerged from the ideation stage were mapped to the key
intervention functions (i.e., education, persuasion, incentivisation, training, restriction, environmental restructuring and
enablement) and the corresponding support strategies of the Behaviour Changes Wheel [45] (see S9 File).This visual
representation confirmed a balanced distribution of intervention functions across all domains of the Behaviour Change
Wheel.

Digital design and prototype development

A comprehensive summary of insights derived from the Empathise, Define, and Ideate phases was presented to HG to
determine requirements for the Lifestyle 6 prototype. To develop the visual representation of the prototype, HG initially
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created a draft storyboard in Miro incorporating the community panel themes. The storyboard provided a central repre-
sentation of the key insights shared by panel members their needs and preferences for the functionality of the prototype.
It drew on user-suggested examples from existing apps developed to support health-related behaviour change. BM and
GB reviewed this storyboard, providing community panel perspectives and programmatic expertise, respectively. After
implementing their feedback, HG finalised the storyboard and developed the prototype using Articulate Storyline 360,
configuring triggers and variables to simulate a mobile application experience with Cancer Council Queensland branding.
Articulate Storyline 360 was selected as the authoring tool due to its ability to create mobile-friendly content including
interactive elements and personalisation features. BM and JV independently audited the prototype to confirm it reflected
the key themes as closely as possible. Further quality assurance checks were conducted (HG) before presentation to
the community panel members, who, individually, were asked to review and appraise the prototype using the Think Aloud
protocol.

The prototype (example screenshots shown in S10 File) was designed as a mobile-friendly application (i.e., for instal-
lation on smartphones and tablets) as this was favoured over a standard website by most panel members. To ensure that
personal accounts and all user data are kept private, users were required to sign up with their email on first use; after
which they were able to log in and out of their account at their convenience.

After registering an account, users were provided access to the start page of the programme, which asks them what
they would like to get out of Lifestyle 6 with multiple priority areas available. These included: (1) understand and reduce
my cancer risk, (2) understand how | can detect cancer early, (3) access cancer support, (4) connect with a commu-
nity and (5) access evidence-based cancer information. The dashboard housed evidence-based information (e.g., facts
sheets, research articles, videos, podcasts) and a range of support options (e.g., connect with other users by joining a
community group, contact helpline, etc.), both of which align with the information provided by users and their selection of
priority areas. Pre-filtered content was designed to be amended in the settings to further match individual preferences.
Resources of interest were also able to be saved to a personal library for quick access.

Users are given the option to either accept the system-generated programme or amend it manually based on their
preferences. They were also able to review and gradually adjust their goals in the programme builder section, define the
actions they wish to take and/or join existing initiatives or challenges that align with their goal/s. The use of graded tasks
and progress towards goals was instantly rewarded with encouraging feedback, whereas goal achievement was rewarded
with respective badges. Within the goal setting section, users were able to view lists of current or future events and exist-
ing programmes and organisations that promote a healthier lifestyle, such as “10,000 steps” or “Dry July”. However, partic-
ipation in those programmes was entirely optional. Social comparison was facilitated through features that allow users to
share their achievements on social media and across in-app community groups available in the prototype. The individual
prototype testing workshops were used to seek user feedback (S11 File).

Summary of panel perspectives: Prototype

During the Prototype phase, analyses revealed a notable emphasis on components linked to Psychological Capability and
Physical Opportunity, with users consistently requesting more features that enhanced their understanding and improved
the accessibility of information (e.g., easy to read text, larger icons and buttons, addition of buttons for further help and
information). Suggestions related to customisation (i.e., tailoring to personal needs and preferences) also spanned multi-
ple COM-B domains, but most strongly aligned with Automatic Motivation (e.g., provision of tangible rewards or incentives
for progress and goal achievement). Social Opportunity elements were predominantly related to community engagement
and support mechanisms (e.g., linkage to local support services, inclusion of real-life testimonials, opportunities for user
interaction), with users seeking both educational and emotional support in their behaviour change journey. These insights
will be incorporated into the final version of the prototype where feasible or implemented as part of future adaptations
based on the evaluation of user data.
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Discussion
Main findings

This study described the co-design of Lifestyle 6, a novel community-centric digital programme for cancer risk reduction
and early detection support using established design thinking principles [36]. Thematic analyses of panel data revealed
three distinct themes including: 1) having limited availability and knowledge of cancer-specific resources and support
options, while simultaneously facing an overload of generic information; 2) concerns about the accuracy and relevance of
available information and; 3) limited time, financial constraints, and insufficient motivation. This pattern appears consis-
tently in the behaviour change literature for target behaviours such as physical activity, dietary changes, and screening
behaviours impeded by similar barriers [60—63]. Our findings speak to the complexity of behaviour change [53] and high-
light the need for a holistic digital behaviour change program with various entry points, and personalisation and support
options throughout.

Comparison to previous work

The analyses of panel data from the ideation workshops yielded five distinct themes, including accessibility, diversity,
communication and connectedness, usability, and personal relevance. The suggested inclusions align with current best
practices in digital health design [64] while highlighting several unique considerations for cancer prevention more spe-
cifically and collectively pointing toward a platform that balances comprehensive information with a custom experience,
technological innovation with human connection, and scientific accuracy with accessible communication.

The need for jargon-free research messaging demonstrates the public’s appetite for evidence-based information that
is presented in accessible format. The panel members’ specific request for expert-moderated forums may acknowledge
potential issues of misinformation and conflict prevalent in unmoderated health communities. Moreover, the panel’s rec-
ommendations for personalisation through self-assessment tools aligns with evidence that tailored interventions generally
outperform generic approaches in changing health behaviours [65]. This is likely due to their impact on end-user persua-
sion as a key driver of behaviour change [56].

By suggesting cross-promotion with existing Australian resources or programs, panel members demonstrated aware-
ness of the fragmented nature of health information systems and the need for integration rather than duplication. The
emphasis on inclusive design addressing various demographics, literacy levels, and cultural backgrounds is particularly
significant given the documented disparities in cancer outcomes across population groups [66]. It also aligns with long-
standing calls for culturally responsive digital health solutions that move beyond mere translation to genuine cultural
adaptation [67,68]. The desire for a comprehensive yet user-friendly platform reflects the tension identified in the literature
between information completeness and cognitive overload [59]. The early involvement of professional designers and soft-
ware developers is therefore crucial and helps in striking the right balance between the content presented and a high level
of user experience [34].

Implications for practice

Findings from this study highlight the use of tailored content to suit the individuals’ needs, preferences, and stage of
behavioural “readiness” for change as core user priorities [69]. However, this platform is intended to offer continual (rather
than acute) support, and therefore a key responsibility of this platform will be to ensure that users are aware of the con-
straints in knowledge and advice that can be provided in the absence of a personal medical professional. As such, it will
be critical to ensure that effective offboarding processes exist, connecting users with healthcare providers for individual-
ised medical support. For example, partnership with community organisations may facilitate the development of self-
referral pathways for individuals identified as “high risk” or in need of additional behaviour change support (such as those
with high alcohol intake).
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Furthermore, variations in risk perceptions related to cancer stood out as a barrier to behaviour change, however, the
relationship between perceived risk and actual behaviour change is complex and often mediated by a vast spectrum of
factors, including affect, self-efficacy, perceived behavioural control, social and environmental influences among others
[70-72]. To address this complexity, several strategies warrant consideration. Health communication could be tailored
and avoid messages perceived as threatening [72]. Personalised risk assessments that provide concrete, individualised
feedback may prove more effective than generic risk information. Additionally, interventions could focus on building self-
efficacy, as individuals must believe in their capacity to mitigate perceived risk [73]. Furthermore, addressing temporal
discounting (i.e., the tendency to prioritise immediate rewards over long-term health benefits) remains essential [74,75].
This might involve framing behaviour change in terms of immediate positive outcomes rather than distant and abstract
risk reduction. Social comparison and targeted campaigning, where individuals can benchmark their risk against peers,
may also enhance the salience of risk perceptions and help correct some of the present misperceptions (i.e., cancer is a
disease of the aged, no family history means no/low risk) [76].

Strengths and limitations

The varied group compositions in this study enabled the collection of rich, multi-generational perspectives, while the
gender-specific groups revealed distinct communication patterns. For example, male-only groups tended to provide
concise, solution-focused contributions with frequent references to external examples and network experiences, whereas
female groups typically offered more elaborate personal narratives and reflective insights, which is a commonly observed
phenomenon [77]. The high proportion of panel members with personal cancer experiences or cancer within their imme-
diate social networks may have contributed to elevated subject matter interest and heightened risk perceptions, that may
not be typical of the broader population. Similarly, our decision to conduct the focus groups online may have enhanced our
reach of participants outside of metropolitan areas, but it may also have resulted in selection bias, such that our sample
may have exhibited higher levels of technological literacy than the general population. Offering in-person focus group
attendance in future may combat this issue. Furthermore, despite our efforts to target diverse communities throughout
our social media advertising campaign, people from low socioeconomic backgrounds, rural and remote communities, and
Aboriginal and Torres Strait Islander populations were still under-represented. Future research should employ diverse
recruitment strategies (such as collaboration with key community organisations) to more comprehensively reach these
communities and enhance the breadth of insights gained. Overall, the virtual format for co-design workshops transformed
rather than diminished collaboration, offering alternative pathways for engagement through features like chat functionality
and breakout rooms that wouldn’t have existed in traditional face-to-face workshops [78]. Finally, during data analysis all
decisions about the inclusion and exclusion of information were clearly documented and discussed at each stage of the
process, ensuring transparency and rigour.

Conclusion

The insights reported above underpin the importance of striking the right balance between providing scientifically rigor-
ous, yet palatable content and providing supportive community spaces in digital format. Novel programmes for cancer risk
reduction and early detection would best consist of targeted, human-centred strategies that address current information
gaps as well as the proliferation of online misinformation, ensuring individuals can easily locate and comprehend sup-

port options across various demographic groups. There is a need for tiered or personalised engagement strategies that
account for varying levels of risk perception and different motivational drivers. Digital platforms should consist of intuitive
interfaces that provide clear pathways to understanding the resources and support available and special attention must be
given to the specific challenges and disparities faced by priority populations.

PLOS One | https://doi.org/10.1371/journal.pone.0347311  April 16, 2026 13/17




PLO\Sﬁ\\.- One

Supporting information
S1 File. Completed Consolidated Criteria for Reporting Qualitative Research (COREQ) checklist.
(DOCX)

S2 File. Project team.
(DOCX)

S3 File. Expression of interest form.
(PDF)

S4 File. Participant information sheet.
(DOCX)

S5 File. Privacy and confidentiality agreement.
(PDF)

S6 File. Ground rules for participation in online workshops.
(DOCX)

S7 File. Online feedback survey.
(PDF)

S8 File. Workshop structure and activities.
(DOCX)

S9 File. Relevant behaviour change techniques.
(DOCX)

$10 File. Intervention prototype screenshots.
(DOCX)

S$11 File. Prototype feedback from panel members.
(DOCX)

Acknowledgments

We wish to sincerely thank the panel members for their time and valuable contributions, without whom this research would
not have been possible. We also thank the Viertel Cancer Research Centre for their support of this research project.

Author contributions

Conceptualization: Beatrice Murawski, Hannah Grennan, Grant Brown, Lee Woods, Sonja March, Belinda Goodwin.
Data curation: Beatrice Murawski, Katelyn Collins, Bianca Viljoen, Emma. Charlotte. Pearse.

Formal analysis: Beatrice Murawski, Katelyn Collins, Bianca Viljoen, Jazmin Vicario, Anna Stiller.

Investigation: Beatrice Murawski.

Methodology: Beatrice Murawski.

Project administration: Beatrice Murawski.

Writing — original draft: Beatrice Murawski.

Writing — review & editing: Beatrice Murawski, Katelyn Collins, Bianca Viljoen, Emma. Charlotte. Pearse, Jazmin
Vicario, Anna Stiller, Hannah Grennan, Grant Brown, Lee Woods, Sonja March, Belinda Goodwin.

PLOS One | https://doi.org/10.1371/journal.pone.0347311  April 16, 2026 14 /17



http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s001
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s002
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s003
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s004
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s005
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s006
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s007
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s008
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s009
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s010
http://journals.plos.org/plosone/article/asset?unique&id=info:doi/10.1371/journal.pone.0347311.s011

PLO\Sﬁ\\.- One

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A. Global cancer statistics 2020: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. 2021;71(3):209-49.

2. Australian Institute of Health and Welfare [Internet]. Australian Burden of Disease Study 2024, About. 2024 [cited 2025 Dec 18]. Available from:
https://www.aihw.gov.au/reports/burden-of-disease/australian-burden-of-disease-study-2024/contents/about

3. Marino P, Mininni M, Deiana G, Marino G, Divella R, Bochicchio |, et al. Healthy lifestyle and cancer risk: modifiable risk factors to prevent cancer.
Nutrients. 2024;16(6):800. https://doi.org/10.3390/nu16060800 PMID: 38542712

4. Vineis P, Wild CP. Global cancer patterns: causes and prevention. Lancet. 2014;383(9916):549-57. https://doi.org/10.1016/S0140-6736(13)62224-
2 PMID: 24351322

5. Islami F, Marlow EC, Thomson B, McCullough ML, Rumgay H, Gapstur SM. Proportion and number of cancer cases and deaths attributable to
potentially modifiable risk factors in the United States, 2019. CA Cancer J Clin. 2024;74(5):405-32.

Colditz GA, Wei EK. Preventability of Cancer. Annu Rev Public Health. 2012;33:137-56.

7. World Cancer Research Fund [Internet]. Our Cancer Prevention Recommendations. [cited 2025 Feb 5]. Available from: https://www.wcrf.org/
preventing-cancer/cancer-prevention/our-cancer-prevention-recommendations/

8. Wild CP, Weiderpass E, Stewart BW. World cancer report: Cancer research for cancer prevention. Lyon (FR): International Agency for Research on
Cancer; 2020.

9. Australian Government Department of Health. Population based screening framework. 2018.
10. Moleyar-Narayana P, Leslie SW, Ranganathan S. Cancer screening. StatPearls. Treasure Island (FL): StatPearls Publishing; 2025.

11. Marentes-Castillo M, Castillo I, Tomas |, Alvarez O. Physical activity, healthy behavior and its motivational correlates: exploring the spillover effect
through stages of change. Int J Environ Res Public Health. 2022;19(10):6161. https://doi.org/10.3390/ijerph19106161 PMID: 35627697

12. Kline CE. The bidirectional relationship between exercise and sleep: Implications for exercise adherence and sleep improvement. Am J Lifestyle
Med. 2014;8(6):375-9. https://doi.org/10.1177/1559827614544437 PMID: 25729341

13. Moradell A, Casajus JA, Moreno LA, Vicente-Rodriguez G, Gémez-Cabello A. Effects of diet-exercise interaction on human health across a lifes-
pan. Nutrients. 2023;15(11):2520. https://doi.org/10.3390/nu15112520 PMID: 37299483

14. Rayward AT, Duncan MJ, Brown WJ, Plotnikoff RC, Burton NW. A cross-sectional cluster analysis of the combined association of physical activity
and sleep with sociodemographic and health characteristics in mid-aged and older adults. Maturitas. 2017;102:56—61. https://doi.org/10.1016/].
maturitas.2017.05.013 PMID: 28610684

15. Noble N, Paul C, Turon H, Oldmeadow C. Which modifiable health risk behaviours are related? A systematic review of the clustering of Smoking, Nutri-
tion, Alcohol and Physical activity (‘'SNAP’) health risk factors. Prev Med. 2015;81:16—41. https://doi.org/10.1016/j.ypmed.2015.07.003 PMID: 26190368

16. Griffin B, Sherman KA, Jones M, Bayl-Smith P. The clustering of health behaviours in older Australians and its association with physical and psycho-
logical status, and sociodemographic indicators. Ann Behav Med. 2014;48(2):205-14. https://doi.org/10.1007/s12160-014-9589-8 PMID: 24500081

17. Aguiar M, Trujillo M, Chaves D, Alvarez R, Epelde G. mHealth apps using behavior change techniques to self-report data: systematic review. JMIR
Mhealth Uhealth. 2022;10(9):e33247. https://doi.org/10.2196/33247 PMID: 36083606

18. ChenYY, Perez-Cueto FJA, Giboreau A, Mavridis |, Hartwell H. The promotion of eating behaviour change through digital interventions. Int J Environ
Res Public Health. 2020;17(20):7488. https://doi.org/10.3390/ijerph17207488 PMID: 33076239

19. Vandelanotte C, Mdller AM, Short CE, Hingle M, Nathan N, Williams SL. Past, present, and future of eHealth and mHealth research to improve
physical activity and dietary behaviors. J Nutr Educ Behav. 2016;48(3):219-228.e1.

20. Direito A, Carraga E, Rawstorn J, Whittaker R, Maddison R. mHealth technologies to influence physical activity and sedentary behaviors: behav-
ior change techniques, systematic review and meta-analysis of randomized controlled trials. Ann Behav Med. 2017;51(2):226-39. https://doi.
org/10.1007/s12160-016-9846-0 PMID: 27757789

21. Jung J, Cho I. Promoting physical activity and weight loss with mHealth interventions among workers: systematic review and meta-analysis of
randomized controlled trials. JMIR Mhealth Uhealth. 2022;10(1):€30682. https://doi.org/10.2196/30682 PMID: 35060913

22. Peng S, Yuan F, Othman AT, Zhou X, Shen G, Liang J. The effectiveness of E-health interventions promoting physical activity and reducing
sedentary behavior in college students: a systematic review and meta-analysis of randomized controlled trials. Int J Environ Res Public Health.
2022;20(1):318. https://doi.org/10.3390/ijerph20010318 PMID: 36612643

23. Feter N, dos Santos TS, Caputo EL, da Silva MC. What is the role of smartphones on physical activity promotion? A systematic review and
meta-analysis. Int J Public Health. 2019;64(5):679-90.

24. Johansson M, Sinadinovic K, Gajecki M, Lindner P, Berman AH, Hermansson U, et al. Internet-based therapy versus face-to-face therapy for alco-
hol use disorder, a randomized controlled non-inferiority trial. Addiction. 2021;116(5):1088—100. https://doi.org/10.1111/add.15270 PMID: 32969541

25. Chambergo-Michilot D, Tellez WA, Becerra-Chauca N, Zafra-Tanaka JH, Taype-Rondan A. Text message reminders for improving sun protection
habits: a systematic review. PLoS One. 2020;15(5):e0233220. https://doi.org/10.1371/journal.pone.0233220 PMID: 32428021

26. Singh B, Ahmed M, Staiano AE, Gough C, Petersen J, Vandelanotte C, et al. A systematic umbrella review and meta-meta-analysis of eHealth
and mHealth interventions for improving lifestyle behaviours. NPJ Digit Med. 2024;7(1):179. https://doi.org/10.1038/s41746-024-01172-y PMID:
38969775

PLOS One | https://doi.org/10.1371/journal.pone.0347311  April 16, 2026 15717



https://www.aihw.gov.au/reports/burden-of-disease/australian-burden-of-disease-study-2024/contents/about
https://doi.org/10.3390/nu16060800
http://www.ncbi.nlm.nih.gov/pubmed/38542712
https://doi.org/10.1016/S0140-6736(13)62224-2
https://doi.org/10.1016/S0140-6736(13)62224-2
http://www.ncbi.nlm.nih.gov/pubmed/24351322
https://www.wcrf.org/preventing-cancer/cancer-prevention/our-cancer-prevention-recommendations/
https://www.wcrf.org/preventing-cancer/cancer-prevention/our-cancer-prevention-recommendations/
https://doi.org/10.3390/ijerph19106161
http://www.ncbi.nlm.nih.gov/pubmed/35627697
https://doi.org/10.1177/1559827614544437
http://www.ncbi.nlm.nih.gov/pubmed/25729341
https://doi.org/10.3390/nu15112520
http://www.ncbi.nlm.nih.gov/pubmed/37299483
https://doi.org/10.1016/j.maturitas.2017.05.013
https://doi.org/10.1016/j.maturitas.2017.05.013
http://www.ncbi.nlm.nih.gov/pubmed/28610684
https://doi.org/10.1016/j.ypmed.2015.07.003
http://www.ncbi.nlm.nih.gov/pubmed/26190368
https://doi.org/10.1007/s12160-014-9589-8
http://www.ncbi.nlm.nih.gov/pubmed/24500081
https://doi.org/10.2196/33247
http://www.ncbi.nlm.nih.gov/pubmed/36083606
https://doi.org/10.3390/ijerph17207488
http://www.ncbi.nlm.nih.gov/pubmed/33076239
https://doi.org/10.1007/s12160-016-9846-0
https://doi.org/10.1007/s12160-016-9846-0
http://www.ncbi.nlm.nih.gov/pubmed/27757789
https://doi.org/10.2196/30682
http://www.ncbi.nlm.nih.gov/pubmed/35060913
https://doi.org/10.3390/ijerph20010318
http://www.ncbi.nlm.nih.gov/pubmed/36612643
https://doi.org/10.1111/add.15270
http://www.ncbi.nlm.nih.gov/pubmed/32969541
https://doi.org/10.1371/journal.pone.0233220
http://www.ncbi.nlm.nih.gov/pubmed/32428021
https://doi.org/10.1038/s41746-024-01172-y
http://www.ncbi.nlm.nih.gov/pubmed/38969775

PLO\Sﬁ\\.- One

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

Villinger K, Wahl DR, Boeing H, Schupp HT, Renner B. The effectiveness of app-based mobile interventions on nutrition behaviours and
nutrition-related health outcomes: a systematic review and meta-analysis. Obes Rev. 2019;20(10):1465-84. https://doi.org/10.1111/0br.12903
PMID: 31353783

Zheng S, Edney SM, Goh CH, Tai BC, Mair JL, Castro O, et al. Effectiveness of holistic mobile health interventions on diet, and physical, and men-
tal health outcomes: a systematic review and meta-analysis. eClinicalMedicine. 2023;66.

Cobos-Campos. Effectiveness of mobile applications to quit smoking: Systematic review and meta-analysis [Internet]. [cited 2025 Feb 19]. Avail-
able from: https://www.tobaccopreventioncessation.com/EFFECTIVENESS-OF-MOBILE-APPLICATIONS-FOR-QUITTING-SMOKING-SYSTEM-
ATIC-REVIEW-AND-META,127770,0,2.html

Guo. The effectiveness of smartphone app—based interventions for assisting smoking cessation: systematic review and meta-analysis. J Med
Internet Res. [cited 2025 Feb 19]. Available from: https://www.jmir.org/2023/1/e43242

Do HP, Tran BX, Le Pham Q, Nguyen LH, Tran TT, Latkin CA, et al. Which eHealth interventions are most effective for smoking cessation? A sys-
tematic review. Patient Prefer Adherence. 2018;12:2065-84. https://doi.org/10.2147/PPA.S169397 PMID: 30349201

Fang YE, Zhang Z, Wang R, Yang B, Chen C, Nisa C, et al. Effectiveness of eHealth smoking cessation interventions: systematic review and
meta-analysis. J Med Internet Res. 2023;25:e45111. https://doi.org/10.2196/45111 PMID: 37505802

Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a systematic review using
principles from critical interpretive synthesis. Transl Behav Med. 2017;7(2):254—67. https://doi.org/10.1007/s13142-016-0453-1 PMID: 27966189

Torous J, Andersson G, Bertagnoli A, Christensen H, Cuijpers P, Firth J, et al. Towards a consensus around standards for smartphone apps and
digital mental health. World Psychiatry. 2019 Feb;18(1):97-8.

Amagai S, Pila S, Kaat AJ, Nowinski CJ, Gershon RC. Challenges in participant engagement and retention using mobile health apps: literature
review. J Med Internet Res. 2022;24(4):e35120. https://doi.org/10.2196/35120 PMID: 35471414

Auernhammer J, Roth B. The origin and evolution of Stanford University’s design thinking: from product design to design thinking in innovation
management. J Prod Innov Manag. 2021;38(6):623—44.

Trischler J, Dietrich T, Rundle-Thiele S. Co-design: from expert- to user-driven ideas in public service design. Public Manag Rev.
2019;21(11):1595-619. https://doi.org/10.1080/14719037.2019.1619810

Slattery P, Saeri AK, Bragge P. Research co-design in health: a rapid overview of reviews. Health Res Policy Syst. 2020;18(1):17. https://doi.
org/10.1186/s12961-020-0528-9 PMID: 32046728

Goodyear-Smith F, Jackson C, Greenhalgh T. Co-design and implementation research: challenges and solutions for ethics committees. BMC Med
Ethics. 2015;16:78. https://doi.org/10.1186/s12910-015-0072-2 PMID: 26573410

Benz C, Scott-Jeffs W, McKercher KA, Welsh M, Norman R, Hendrie D, et al. Community-based participatory-research through co-design: support-
ing collaboration from all sides of disability. Res Involv Engage. 2024;10(1):47. https://doi.org/10.1186/s40900-024-00573-3 PMID: 38730283

Tremblay M, Hamel C, Viau-Guay A, Giroux D. User experience of the co-design research approach in ehealth: activity analysis with the course-of-
action framework. JMIR Hum Factors. 2022;9(3):e35577. https://doi.org/10.2196/35577 PMID: 35943783

Schweitzer R, Schldgl S, Schweitzer M. Technology-supported behavior change—applying design thinking to mhealth application development.
Eur J Investig Health Psychol Educ. 2024;14(3):584-608.

Nugent R, Brouwer E. Benefits and Costs of the Noncommunicable Disease Targets for the Post-2015 Development Agenda. In: Lomborg B, edi-
tor. Prioritizing Development. 1st ed. Cambridge University Press; 2018. pp. 231-43. https://doi.org/10.1017/9781108233767.013

Wolfenden L, Wiggers J, Barnes C, Lane C, Groombridge D, Robertson K, et al. Learning health systems to implement chronic disease prevention
programs: a novel framework and perspectives from an Australian health service. Learn Health Syst. 2024;8(4):e10466. https://doi.org/10.1002/
Irh2.10466 PMID: 39444504

Michie S, van Stralen MM, West R. The behaviour change wheel: a new method for characterising and designing behaviour change interventions.
Implement Sci. 2011;6:42. https://doi.org/10.1186/1748-5908-6-42 PMID: 21513547

Tong A, Sainsbury P, Craig J. Consolidated criteria for reporting qualitative research (COREQ): a 32-item checklist for interviews and focus groups.
Int J Qual Health Care. 2007;19(6):349-57. https://doi.org/10.1093/intghc/mzm042 PMID: 17872937

Booth A, Hannes K, Harden A, Noyes J, Harris J, Tong A. COREQ (Consolidated Criteria for Reporting Qualitative Studies). Guidelines for Report-
ing Health Research: A User’s Manual. John Wiley & Sons, Ltd.; 2014. pp. 214-26.

Eccles DW, Arsal G. The think aloud method: what is it and how do | use it? Qual Res Sport Exerc Health. 2017;9(4):514-31. https://doi.org/10.108
0/2159676x.2017.1331501

Padlet. Padlet - Visual Collaboration for Creative Work and Education. 2025 [cited 2025 Dec 22]. Available from: https://padlet.com/

Abelson J, Li K, Wilson G, Shields K, Schneider C, Boesveld S. Supporting quality public and patient engagement in health system organiza-
tions: development and usability testing of the Public and Patient Engagement Evaluation Tool. Health Expect. 2016;19(4):817-27. https://doi.
org/10.1111/hex.12378 PMID: 26113295

Abelson J, Tripp L, Kandasamy S, Burrows K, Team on behalf of the PIS. Supporting the evaluation of public and patient engagement in health
system organizations: Results from an implementation research study. Health Expect. 2019;22(5):1132—43.

PLOS One | https://doi.org/10.1371/journal.pone.0347311  April 16, 2026 16 /17



https://doi.org/10.1111/obr.12903
http://www.ncbi.nlm.nih.gov/pubmed/31353783
https://www.tobaccopreventioncessation.com/EFFECTIVENESS-OF-MOBILE-APPLICATIONS-FOR-QUITTING-SMOKING-SYSTEMATIC-REVIEW-AND-META,127770,0,2.html
https://www.tobaccopreventioncessation.com/EFFECTIVENESS-OF-MOBILE-APPLICATIONS-FOR-QUITTING-SMOKING-SYSTEMATIC-REVIEW-AND-META,127770,0,2.html
https://www.jmir.org/2023/1/e43242
https://doi.org/10.2147/PPA.S169397
http://www.ncbi.nlm.nih.gov/pubmed/30349201
https://doi.org/10.2196/45111
http://www.ncbi.nlm.nih.gov/pubmed/37505802
https://doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/pubmed/27966189
https://doi.org/10.2196/35120
http://www.ncbi.nlm.nih.gov/pubmed/35471414
https://doi.org/10.1080/14719037.2019.1619810
https://doi.org/10.1186/s12961-020-0528-9
https://doi.org/10.1186/s12961-020-0528-9
http://www.ncbi.nlm.nih.gov/pubmed/32046728
https://doi.org/10.1186/s12910-015-0072-2
http://www.ncbi.nlm.nih.gov/pubmed/26573410
https://doi.org/10.1186/s40900-024-00573-3
http://www.ncbi.nlm.nih.gov/pubmed/38730283
https://doi.org/10.2196/35577
http://www.ncbi.nlm.nih.gov/pubmed/35943783
https://doi.org/10.1017/9781108233767.013
https://doi.org/10.1002/lrh2.10466
https://doi.org/10.1002/lrh2.10466
http://www.ncbi.nlm.nih.gov/pubmed/39444504
https://doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/pubmed/21513547
https://doi.org/10.1093/intqhc/mzm042
http://www.ncbi.nlm.nih.gov/pubmed/17872937
https://doi.org/10.1080/2159676x.2017.1331501
https://doi.org/10.1080/2159676x.2017.1331501
https://padlet.com/
https://doi.org/10.1111/hex.12378
https://doi.org/10.1111/hex.12378
http://www.ncbi.nlm.nih.gov/pubmed/26113295

PLO\Sﬁ\\.- One

52.

53.

54.
55.

56.
57.
58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.
74.

75.

76.

77.
78.

Lobe B, Morgan DL, Hoffman K. A systematic comparison of in-person and video-based online interviewing. Int J Qual Methods. 2022;21. https://
doi.org/10.1177/16094069221127068

Juel A, Berring LL, Erlangsen A, Larsen ER, Buus N. Sense of psychological ownership in co-design processes: A case study. Health Expect.
2024;27(1):e13886. https://doi.org/10.1111/hex.13886 PMID: 37890859

Braun V, Clarke V. Using thematic analysis in psychology. Qual Res Psychol. 2006;3(2):77-101.

Team U. User Persona and Empathy Map: Key Differences & Importance [Internet]. Thoughts about Product Adoption, User Onboarding and Good
UX | Userpilot Blog. 2024 [cited 2025 Dec 18]. Available from: https://userpilot.com/blog/empathy-map-vs-persona/

Stewart DW, Shamdasani PN. Focus groups: theory and practice. SAGE Publications; 2014.
Forsyth D. Group Dynamics. Bookshelf [Internet]. 2014. Available from: https://scholarship.richmond.edu/bookshelf/5

The Interaction Design Foundation. What is User Control? — updated 2025 [Internet]. [cited 2025 Dec 19]. Available from: https://www.interac-
tion-design.org/literature/topics/user-control

Lallé S, Conati C. The role of user differences in customization: a case study in personalization for infovis-based content. In: Proceed-
ings of the 24th International Conference on Intelligent User Interfaces. Marina del Ray California: ACM; 2019. 329-39. https://dl.acm.org/
doi/10.1145/3301275.3302283

Glanz K, Rimer BK, Viswanath KV. Health behavior: Theory, research, and practice. 5th ed. Hoboken, NJ, US: Jossey-Bass/Wiley; 2015.

Kelly B, Hornik R, Romantan A, Schwartz JS, Armstrong K, DeMichele A, et al. Cancer information scanning and seeking in the general population.
J Health Commun. 2010;15(7):734-53. https://doi.org/10.1080/10810730.2010.514029 PMID: 21104503

Schwarzer R. Modeling health behavior change: how to predict and modify the adoption and maintenance of health behaviors. Appl Psychol.
2008;57(1):1-29.

Waller J, Bartoszek M, Marlow L, Wardle J. Barriers to cervical cancer screening attendance in England: a population-based survey. J Med Screen.
2009;16(4):199-204. https://doi.org/10.1258/jms.2009.009073 PMID: 20054095

Blandford A, Gibbs J, Newhouse N, Perski O, Singh A, Murray E. Seven lessons for interdisciplinary research on interactive digital health interven-
tions. Digit Health. 2018;4. https://doi.org/10.1177/2055207618770325 PMID: 29942629

Prochaska JJ, Prochaska JO. A review of multiple health behavior change interventions for primary prevention. Am J Med. 2011;5(3):208-21.
https://doi.org/10.1177/1559827610391883

Goodwin BC, Rowe AK, Crawford-Williams F, Baade P, Chambers SK, Ralph N, et al. Geographical disparities in screening and cancer-related
health behaviour. Int J Environ Res Public Health. 2020;17(4):1246. https://doi.org/10.3390/ijerph17041246 PMID: 32075173

Barrera M Jr, Castro FG, Strycker LA, Toobert DJ. Cultural adaptations of behavioral health interventions: a progress report. J Consult Clin Psy-
chol. 2013;81(2):196-205. https://doi.org/10.1037/a0027085 PMID: 22289132

Kreps GL, Neuhauser L. New directions in eHealth communication: opportunities and challenges. Patient Educ Couns. 2010;78(3):329-36. https://
doi.org/10.1016/j.pec.2010.01.013 PMID: 20202779

Atkins L, Francis J, Islam R, O’Connor D, Patey A, Ivers N, et al. A guide to using the Theoretical Domains Framework of behaviour change to
investigate implementation problems. Implement Sci. 2017;12(1):77. https://doi.org/10.1186/s13012-017-0605-9 PMID: 28637486

Ferrer R, Klein WM. Risk perceptions and health behavior. Curr Opin Psychol. 2015;5:85-9. https://doi.org/10.1016/j.copsyc.2015.03.012 PMID:
26258160

Sheeran P, Harris PR, Epton T. Does heightening risk appraisals change people’s intentions and behavior? A meta-analysis of experimental stud-
ies. Psychol Bull. 2014;140(2):511-43. https://doi.org/10.1037/a0033065 PMID: 23731175

Witte K, Allen M. A meta-analysis of fear appeals: implications for effective public health campaigns. Health Educ Behav. 2000;27(5):591-615.
https://doi.org/10.1177/109019810002700506

Bandura A. Health promotion by social cognitive means. Health Educ Behav. 2004;31(2):143—-64. https://doi.org/10.1177/1090198104263660

Daugherty JR, Brase GL. Taking time to be healthy: predicting health behaviors with delay discounting and time perspective. Personal Individ
Differ. 2010;48(2):202-7.

Story GW, Vlaev |, Seymour B, Darzi A, Dolan RJ. Does temporal discounting explain unhealthy behavior? A systematic review and reinforcement
learning perspective. Front Behav Neurosci. 2014;8:76. https://doi.org/10.3389/fnbeh.2014.00076 PMID: 24659960

Klein WMP, Stefanek ME. Cancer risk elicitation and communication: lessons from the psychology of risk perception. CA Cancer J Clin.
2007;57(3):147—67. https://doi.org/10.3322/canjclin.57.3.147 PMID: 17507441

Tannen D. You just don’t understand: Women and men in conversation. Harper Collins; 2013. pp. 354.

Bailenson JN. Nonverbal overload: A theoretical argument for the causes of Zoom fatigue. Technol Mind Behav. 2021;2(1).

PLOS One | https://doi.org/10.1371/journal.pone.0347311  April 16, 2026 17117



https://doi.org/10.1177/16094069221127068
https://doi.org/10.1177/16094069221127068
https://doi.org/10.1111/hex.13886
http://www.ncbi.nlm.nih.gov/pubmed/37890859
https://userpilot.com/blog/empathy-map-vs-persona/
https://scholarship.richmond.edu/bookshelf/5
https://www.interaction-design.org/literature/topics/user-control
https://www.interaction-design.org/literature/topics/user-control
https://dl.acm.org/doi/10.1145/3301275.3302283
https://dl.acm.org/doi/10.1145/3301275.3302283
https://doi.org/10.1080/10810730.2010.514029
http://www.ncbi.nlm.nih.gov/pubmed/21104503
https://doi.org/10.1258/jms.2009.009073
http://www.ncbi.nlm.nih.gov/pubmed/20054095
https://doi.org/10.1177/2055207618770325
http://www.ncbi.nlm.nih.gov/pubmed/29942629
https://doi.org/10.1177/1559827610391883
https://doi.org/10.3390/ijerph17041246
http://www.ncbi.nlm.nih.gov/pubmed/32075173
https://doi.org/10.1037/a0027085
http://www.ncbi.nlm.nih.gov/pubmed/22289132
https://doi.org/10.1016/j.pec.2010.01.013
https://doi.org/10.1016/j.pec.2010.01.013
http://www.ncbi.nlm.nih.gov/pubmed/20202779
https://doi.org/10.1186/s13012-017-0605-9
http://www.ncbi.nlm.nih.gov/pubmed/28637486
https://doi.org/10.1016/j.copsyc.2015.03.012
http://www.ncbi.nlm.nih.gov/pubmed/26258160
https://doi.org/10.1037/a0033065
http://www.ncbi.nlm.nih.gov/pubmed/23731175
https://doi.org/10.1177/109019810002700506
https://doi.org/10.1177/1090198104263660
https://doi.org/10.3389/fnbeh.2014.00076
http://www.ncbi.nlm.nih.gov/pubmed/24659960
https://doi.org/10.3322/canjclin.57.3.147
http://www.ncbi.nlm.nih.gov/pubmed/17507441

