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ABSTRACT

Youth (16-24 years) experiencing chronic musculoskeletal pain (CMP) value access to digitally-supportive care.
Adopting a three-phase design, we aimed to identify and validate youth’s preferences for digital health solutions
(DHSs) to support their CMP self-care and measure their preferences for artificial intelligence (AI)-enabled digital
coaches and perceived risks of harm. Phase 1 involved focus groups with 20 youth experiencing CMP, applying
content analysis to explore the attributes they consider when choosing digitally-supportive care. Phase 2
involved a two-round eDelphi (n=20 youth) to validate attributes identified in Phase 1, rank the importance of
digital coach-related attributes, and identify risks of harm with digitally-supportive CMP care. Phase 3 involved
two discrete choice experiments (n=41 youth) to measure preferences for digital coach-related attributes and
risks of harm. Phase 1 produced 31 discrete attributes of DHSs (11 digital coach-related). Phase 2 validated 31
attributes and identified six risks of harm. Phase 3 identified three most preferred digital coach-related attributes
(sample mean[SD] weights representing relative importance): ‘Generates a pain self-care plan’ (19-6[14-5]1%);
‘Learns my preferences for my pain self-care’ (15-9[12-91%); and ‘Supports my healthcare visits’ (11-1[12-4]%). The
three most concerning risks of harm were: ‘Quality of pain care advice and guidance’ (31-8[17-3]1%); ‘Information
being consistent with advice from my healthcare team’ (25-8[17-51%); and ‘Data security protections’ (14-8[17-6]%).
Youth consider a range of attributes and potential harms of DHSs to support their CMP care; a subset appears to
be most important. These attributes and risks of harm should be considered in co-design of digitally-supportive
CMP care for youth.

Perspective: The results identify that a subset of digital coach-related attributes and risks of harm dominate
youth’s preferences for digitally-supportive chronic musculoskeletal pain care. These attributes and risks of harm
should be considered in co-design of digital health solutions, and in positioning a solution within a clinical care
ecosystem.

Introduction among affected youth aged 16-24 years (‘youth’). Systematic review-
level evidence suggests that approximately 1 in 5 youth experience
Chronic musculoskeletal pain (CMP) imposes a substantial burden CMP,"? which commonly impacts their physical, emotional and social
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wellbeing.® 7 These impacts occur at a developmentally vulnerable time
in their life, as they move from adolescence to adulthood and navigate
complex biological, emotional and social changes while forging a sense
of self and identity. These challenges are further compounded when
CMP co-exists with mental health condition(s),>’ manifesting as a
bi-directional load.>* At the same time, this age range represents a
critical period in which youth transition from paediatric to adult health
services. The impact of CMP on youth also has socioeconomic implica-
tions. For example, total productivity losses in Australia are estimated
between $AUD 15-27 billion or more annually, with direct costs among
16-24 year olds contributing up to $AUD 4 billion.'® In this context,
health services that are responsive to youth’s needs and that mitigate
care inequities are needed.''

Youth living with CMP desire independence and to be supported in
their care as they transition into adulthood, including by digital health
solutions (DHSs),]5 and related health services.'® Recent technological
advances harnessing artificial intelligence (AI) have potential to support
youth’s self-care and healthcare needs, including clinical encounters,
care coordination, and navigation.'"'” Youth with chronic conditions
value attributes of DHSs that include design and functionality, privacy
and sharing, personalisation, and interactivity.'® However, for youth
living with CMP, the relevance of these previously identified attributes
of DHSs is unknown.

Digital coaching, as a specific function of DHSs, shows promise for
supporting self-care, for example, in people living with type 2 diabetes
or mental health conditions.'®?° Specific attributes such as timing of
messages, content of behavioural cues, and trust, influence users’ ex-
periences of, and preferences for, digital coaching.’’ Although DHS
co-design is a globally-recommended best-practice,?” there is no evi-
dence about the attributes of digital coaches specific to CMP care that
youth value, highlighting a knowledge gap.

Al-enabled technologies can support and reach youth at scale, any-
where, anytime, with personalised and affordable CMP care.'! However,
balancing the potential benefits of digitally-supportive CMP care against
risks of harm is important. Al-enabled DHSs are not without risks of
harm, such as disinformation,”>?* personal data breaches,?”*® and the
potential to inappropriately de-emphasize or replace clinical care.
Addressing these concerns is important because these risks could impact
youth’s experiences of CMP care, including feelings of invalidation and
stigmatisation,”* and at the same time limit clinicians’ adoption.?’

Co-designing a care ecosystem where digital technologies operate
synergistically with clinical pain care, coupled with design efforts to
mitigate potential risks of harm, will strengthen person-centred care
service delivery.'?® In this context, Discrete Choice Experiments
(DCEs) are a widely used method to elicit and measure people’s
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preferences for product or intervention attributes, and to inform their
co-design.”® Although DCEs have been used to explore people’s prefer-
ences for CMP care, most research is limited to older ages, focussed on
treatment attributes (e.g., treatment mode) and exclusive of Al-enabled
digital coaches.*°

To address these knowledge gaps and inform the co-design of a DHS
for youth’s CMP care, we employed a mixed-methods research design to
identify, validate, and determine the relative importance of attributes
and risks of harm of DHSs, including of Al-enabled digital coaches. This
study is positioned within a broader research programme, myPAin-
healTH (myPATH) which aims to develop a digitally enabled adaptive
learning system to support quality care of young Australians living with
CMP.

Materials and methods
Design

An exploratory three-phase, sequential mixed-methods study was
undertaken from April 2023 to November 2024 (Fig. 1).

Phase 1, a qualitative study, adopted a constructivist approach to
explore the DHS attributes youth consider when choosing DHSs for their
CMP care.”! Phase 2, an eDelphi study, evaluated the content validity of
these attributes, ranked them by importance and identified risks of harm
of digitally-supportive CMP care. Phase 3 used DCEs to explore the
preferences for attributes of digital coaches and the risks of harm of
digitally-supportive CMP care.

The research was approved by Curtin University’s Human Research
Ethics Committee (HRE2022-0588). The overall study is reported in
alignment with the Strengthening of Reporting Observational Studies in
Epidemiology statement (STROBE®%; Appendix A, p.A2); standards for
reporting mixed-methods studies (MMR-RHS®>; Appendix B, p.A4);
checklist for reporting research with adolescent and youth engage-
ment>* (Appendix C, p.A6), and the Checklist for Reporting Results of
Internet E-Surveys (CHERRIES®; Appendix D, p.A7). Phase-specific
reporting checklists are also included: Phase 1: Consolidated criteria
for reporting qualitative research (COREQ-32°°; Appendix E, p.Al11);
Phase 2: Guidance on Conducting and Reporting Delphi Studies
(CREDES®; Appendix F, p.A13); Phase 3: The Discrete choice experi-
ment REporting ChecklisT (DIRECT °%; Appendix G, p.A15).

Sampling

Convenience sampling of community-dwelling youth (16-24 years),
resident in Australia, was used to create two samples — one for Phases

Fig. 1. Overview of the three sequential phases of the research, including objective, design, sampling, activity and output(s), by phase. The arrow leading from one
phase to the next shows where the output(s) of each phase informed subsequent phases. A common recruitment strategy was used for the Phase 1/2 and Phase 3

components. Phases 1 and 2 shared the same participants.
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1-2, and another for Phase 3. Inclusion criteria were: internet access and
current experience of CMP (defined as self-reported CMP experienced
for >3 months, continuously or intermittently). Individuals were
excluded if they could not speak or understand English or had a history
of clinically-diagnosed psychosis. A diagnosis of psychosis was an
exclusion criterion based on the unpredictable natural history of psy-
chosis and duty of care considerations. Sampling did not use strata based
on socioeconomic position or ethnocultural background, allowing all
youth to participate regardless of their background. Where survey re-
sponses for any phase failed authenticity criteria, they were excluded as
inauthentic (see Appendix D, ‘Survey authenticity criteria’ p.A9-10 for a
full description of the survey authenticity criteria applied to the survey
data).

Recruitment

Two separate recruitment periods were conducted to enrol two in-
dependent samples. The first recruitment period sampled for the Phase 1
and 2 parts of the research. The second recruitment period sampled for
the Phase 3 part of the research. For Phase 3, we advertised the study via
arange of channels and, also invited those participants who participated
in Phases 1 and 2, to consider their interest in participating in Phase 3.
The recruitment drives for Phase 1 and Phase 3 shared the same strategy.

To recruit a diverse sample of youth from the broadest range of so-
cioeconomic and ethnocultural backgrounds, key government and non-
government organizations across Australia, clinical networks and health
professionals with an interest in pain care in youth were contacted via
email. Organisations and key stakeholders were asked to share recruit-
ment materials (using email invitation, social media, posters) through
their networks. Recruitment materials were also posted on social media
platforms (e.g., X, Facebook, Instagram) to increase the reach of the study
invitation. These materials guided youth to an online survey (Qual-
trics™, Provo, UT, USA), where they were presented with an informa-
tion statement, requested to provide informed consent, responded to
screening questions and completed demographic and clinical profiling
questions. Additional details about the recruitment process are reported
in separate, related studies.**° Specific detail about how the online
survey was configured to support recruitment across the three study
phases, and related responses rates, is reported in the CHERRIES
checklist (Appendix D, p.A7-10).

Patient and public involvement

Youth were engaged in this study to ensure that the study design and
materials were tailored to, and appropriate for, youth with lived expe-
rience of CMP. Appendix C (p.A6) provides additional context about
how youth were involved and the overall influence on the study. We will
share a summary of findings with the study participants, and we intend
to engage youth to help disseminate the research findings.

Phase 1: qualitative study

Data collection

Eight online focus group sessions (60-90 min each) were convened
online using Zoom (Video Communications Inc., ver.5, San Jose, Cali-
fornia). These were structured using the Nominal Group Technique and
guided by a semi-structured schedule (reported in Appendix H, p.
A17-18).%° One facilitator (JC) led the discussion, while a second (si-
lent) facilitator (AMB) recorded field notes to summarize participants’
ideas into conceptually discrete points. A third researcher (HS) recorded
additional field notes. Field notes from each session were used to
develop a summary of the discussion, which was shared with the next
group to facilitate and extend discussions. Member checking was done in
real-time, rather than via distribution of transcripts. An associated
manuscript reporting a subset of the qualitative data provides additional
detail on data collection.®’
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Data analysis

Content analysis was used to identify attributes considered by youth
when choosing DHSs for their CMP care.*! This methodology was cho-
sen as it provides a systematic approach to identify discrete codes or
patterns within data, and can be applied to distil large volumes of data
into a discrete set of categories.*"*> As there is limited evidence con-
cerning what attributes of DHSs are important to young people for their
CMP care,"' we used a conventional content analysis approach to
inductively identify attributes of DHSs and develop a structured coding
framework to capture and organise data related to these attributes. The
following taxonomy was adopted to organise and report the study
findings:

e Code — labels used to describe the meaning of text;

e Category — groups of related codes;

e Attribute — a category that relates to a characteristic of DHSs (e.g.,
privacy, accessibility); and

e Concept group — higher order categories/attributes underpinned by
conceptually-similar categories/attributes.

Focus group recordings were transcribed and checked for accuracy
against the recordings by one author (JC). Data were coded inductively,
and codes were organised into a coding framework consisting of
conceptually discrete categories, with each category representing an
attribute of DHSs. One author (SR) independently coded three tran-
scripts using the draft coding framework.

Researchers (JC, AMB, HS, SR) reviewed and revised the coding
framework to ensure the attributes were discrete and anchored in the
raw data. One author (JC) re-applied the revised coding framework to all
transcripts and field notes using NVivo (Lumivero, Denver, CO, USA).

The team (JC, HS, SR, AMB) then reviewed the coding framework
against raw data excerpts to refine attribute labels and descriptions, and
to organise the attributes into higher-level ‘concept groups’, or clusters
of similar attributes. Finally, attributes that were digital coach-related
(e.g., related to behavioural support) were identified through indepen-
dent review of each attribute, discussion and consensus amongst the
team. This step to identify digital coach-related attributes, supported the
Phase 3 (DCEs). Phase 3 focussed on attributes of Al-enabled digital-
coaches specifically, rather than attributes of DHSs more generally.
Appendix I (p.A19) details the six-step content analysis approach ( that
was employed to develop a coding framework, which focused on iden-
tifying key attributes of DHSs. Analytical rigour and researcher char-
acteristics and reflexivity statements are reported in Appendix J (p.A25)
and Appendix K (p.A26), respectively.

Phase 2: eDelphi study

Data collection

We conducted a single panel, two round e-Delphi survey, powered by
the Qualtrics™ (Provo, Utah, USA) survey platform. The preparatory
phase of the eDelphi was informed by the focus group activity (study
Phase 1), while the output of the eDelphi informed the content of study
Phase 3 (see Appendix L, p.A27 for an overview of the steps from e-
Delphi preparation to conclusion). All participants in Phase 1 were
invited to participate in a 2-round eDelphi survey (Fig. 1), powered by
Qualtrics™ (Provo, UT, USA). In Round 1, participants were presented
with the attributes identified in Phase 1, organised into concept groups.
They were asked to rate their level of agreement with each attribute and
with the framework overall on a 5-point Likert scale (1='strongly
disagree' to 5='strongly agree'). When participants did not agree or
strongly agree, a free-text field appeared, inviting them to explain their
rating. In Round 2, participants were asked to: (1) re-rate any attributes
that did not reach the a priori threshold for consensus in Round 1 (see
data analysis); (2) rank all digital coach-related attributes in order of
importance; and (3) suggest risks of harm (free text).

To minimise respondent attrition and recall bias between eDelphi
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survey Rounds 1 and 2, we allowed 1 week for participants to respond to
each round. A e-gift card was offered as an honorarium to compensate
youth’s time if they completed the eDelphi.

Data analysis

For Round 1, response frequencies were calculated to evaluate
consensus for each attribute and for the overall framework. Consensus
definitions were: ‘agreement’ as >80% agree or strongly agree (attribute
retained); ‘disagreement’ as >80% disagree or strongly disagree (attri-
bute removed); and ‘uncertain’ as <80% agreement or disagreement
(attribute requires revision). Free-text responses from Round 1 for any
‘uncertain’ attributes were used to revise their descriptions. In Round 2,
attributes that had been revised following Phase 1 were re-presented to
the panel. Mean (SD) rank order and rank correlation (Kendall’'s W)
were calculated to evaluate importance of the digital coach-related at-
tributes and agreement between the panellists, respectively. Free-text
responses were content-analysed to identify risks of harm, using a
standard content analysis approach.”’ Quantitative data were analysed
using SPSS (IBM Corp., Armonk, NY, USA).

Phase 3: discrete choice experiments (DCEs)

Instrument design and data collection

DCEs required participants to make trade-offs between attributes of
an Al-enabled digital coach (DCE-1) and risks of harm of a DHS more
generally (DCE-2). This involved having participants repeatedly choose
between two hypothetical digital coaches (DCE-1) and DHSs (DCE-2) at
a time with respect to which one they preferred (including “they are
equal”; for an example, see Fig. 2). By making trade-off choices, the
relative importance of the digital coach-related attributes, and risks of
harm, were calculated as preference weights.
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The coaches and DHSs were represented in terms of their attributes
and their levels of performance - e.g., for the ‘Generates a self-care plan’
attribute (Fig. 2A), ‘no plan’, ‘generic plan’ and ‘personalised’. Harms
were framed as the harm concept (e.g. ‘Quality of pain care advice &
guidance’) with performance levels reflecting the level of risk (from low
to high; Fig. 2B). Details about the attributes and risks of harms were
identified and structured to align with properties for DCE (e.g., prefer-
ence independence), described in Appendix M (p.A28).

The descriptions for the attributes and risks of harm were informed
by Phase 2 outcomes and refined for use in the DCEs through a co-design
activity with the myPATH Young Person’s Advisory Group (YPAG). We
iteratively piloted the DCE survey tools with three youth (including a
communications expert) before deployment, to optimise survey validity
across: reading level, clarity of survey instruction, clarity of trade-off
questions, and syntax. The survey language was simplified following
pilot testing to improve readability, comprehension and to minimise
survey burden.

The two DCEs were conducted sequentially using the Potentially All
Pairwise RanKings of all possible Alternatives (PAPRIKA) method,*®
implemented using 1000minds software (www.1000minds.com). After
completing DCE-1, participants entered the linked DCE-2. By imple-
menting mathematical properties of additive “multi-attribute value
models”, including the logical property of transitivity, in real-time, this
method arrives at explicit and implicit pairwise rankings of all possible
combinations of attributes and their levels. The transitivity property is
illustrated via this simple example: if a participant ranks coach ‘A’ >
coach ‘B’ and coach ‘B’ > coach ‘C’, then this implies — by transitivity —
that coach ‘A’ > coach 'C’. Based on each participant’s answers to their
trade-off questions, PAPRIKA uses quantitative methods based on linear
programming to generate weights for the attributes and their levels,
representing their relative importance to the participant.

Fig. 2. Examples of trade-off questions for DCE-1 (Panel A) and DCE-2 (Panel B).
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To orient youth to the DCE, we prepared a brief online tutorial
describing the layout of the DCE and the choice options. To reduce
responder burden and to improve survey validity, several functions of
the 1000minds.com platform were utilised. Participants could select
which attributes and risks of harm were important to them, with up to 6
attributes for DCE-1 and up to 4 for DCE-2 presented in a randomised
order. In addition, in DCE-2 participants were asked to nominate (using
free text) any risks of harm missing from those presented. At the end of
each DCE, two trade-off questions were repeated as a data consistency
check.

Data analysis

PAPRIKA determined the participant-level weights of the digital
coach-related attributes (DCE-1) and risks of harm (DCE-2), represent-
ing their relative importance. Sample means (SD) for each attribute and
risks of harm were calculated from participant-level weights. Kendall’s
W was used to assess agreement on the attributes or risks of harm.

Marginal utility refers to the incremental change in weight from
progressing from lower to higher levels of performance on an attribute,
and can be decreasing, increasing or constant. To evaluate marginal
utility for each attribute, we plotted the weights of that attribute and
difference between sample mean weights for sequential levels of per-
formance and visually inspected their marginal utility. Appendix N (p.
A29) provides a full description of how marginal utility was calculated
in the current study.

Response quality

The 1000minds software allows checks of participants’ data validity.
Following each DCE, youth were asked to confirm if they agreed (yes/no
question) with their personal attribute ranking summaries. To explore
genuine engagement with the trade-off questions, we evaluated whether
sample mean weights changed when applying established response
quality criteria.** Responses that met one or more of the following
criteria were considered low quality and excluded in a sub-group anal-
ysis: answered two repeated questions inconsistently; completed a
trade-off in <1s or <2s (median) for all trade-offs; answered all
trade-offs the same way (left/right/’they are the same’); or disagreed
with their individual-level summary of results.

Results

Table 1 summarises participants’ demographic and clinical charac-
teristics across the three phases.

Focus group study (Phase 1)

Twenty-two youth were recruited; one withdrew due to illness and
one did not respond. Most participants resided in metropolitan areas
(75%) distributed across five Australian states, identified as women
(70%), self-reported being born in Australia (95%), self-reported
receiving a clinical diagnosis for their CMP condition/s (70%), and
identified a concurrent mental health condition (90%).

Framework of attributes of DHSs

Content analysis resulted in a framework of 31 discrete attributes,
organised across 10 concept groups. We identified 11 digital coach-
related attributes (see Table 2 for list of attributes).

eDelphi study (phase 2)

Round 1 outcomes

All 20 Phase 1 participants (100%) took part in Phase 2. Thirty (97%)
attributes reached the threshold for consensus agreement (Table 2). One
attribute, ‘I value a digital health solution that communicates with other non-
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Table 1
Demographic and clinical characteristics of the focus groups, eDelphi and DCE
participants.

Phase 1 Phase 2 Phase 3
Characteristic Focus eDelphi eDelphi DCE-1
groups round 1 round 2 participants
N = panel panel (N = 41%)
20) (N =20) (N=19)
Age (years), mean (SD); 20-0 20-0 (3); 20-2 20-8 (2-5);
range 3); 16-24 (2:6); 16-24
16-24 16-24
Self-reported a concurrent 18 (90) 18 (90) 17 (90) §
mental health condition
(s), n" (%)
Gender™, n (%)
Woman 14 (70) 14 (70) 13 (69) 30 (73)
Man 5(25) 5(25) 5(26) 6 (15)
Non-binary/ third gender, 1 (5) 1(5) 1(5) 3
agender
Transgender - - - 2(5)
Duration of chronic pain 15 (14), 15 (14), 15 (14), 6 (6), 16-24
(years, median (IQR), 16-24 16-24 16-24
range)f
Clinical profiles, expressed as
mean (SD)
Kessler Psychological 29-6 29-6 292 §
Distress scale (K10) score (7-1) (7-1) (7-2)
(scale range 10-50)f
Pain Self Efficacy 36-0 36-0 36-5 28-6 (12-8)
Questionnaire (PSEQ) (12-3) (12-3) (12-4)
score (scale range 0-60)
Brief Pain Inventory (BPI) 5-0 5.0 (2-1) 4.9 (2-2) 4.9 (1-5)
pain severity subscale 2-1)
score (score range 0-10) ||
Brief Pain Inventory (BPI) 4.6 4.6 (2-6) 4.7 (2-2) 5-8 (2-0)
pain interference subscale (2:6)
score (score range 0-10)**
Brief Pain Catastrophizing ~ 9-0 9-0 (4-3) 89 (4-4) §

(BriefPCS) chronic scale 4-3)
score (score range 0-16)1

* N=40 completed DCE-2 (risks of harm of DHSs).

" Young people were asked to respond ‘yes’ or ‘no’ to, “Over the past 6 months, has
your chronic pain impacted how you feel within yourself (i.e. your emotional, psy-
chological or mental health wellbeing)? For example, does your pain impact your
mood, or feelings of distress or anxiety?” and “Has a health professional provided you
with a diagnosis about you psychological or emotional health (e.g.: low mood, anx-
iety)?”

~* Using the 2011 Australian Bureau of Statistics standard for gender, defined as
social and cultural differences in identity, expression and experience as a man,
woman or non-binary person (http://www.abs.gov.au/statistics/standards/stan
dard-sex-gender-variations-sex-characteristics-and-sexual-orientation-varia
bles/latest-release).

t Both primary and secondary CMP (aligned with ICD-11 classifications) were
included.

1 K10°? higher scores reflect greater psychological distress. Scores <20 = are
likely to be well, scores 20-24 = are likely to have a mild mental disorder, scores
25-29 = are likely to have moderate mental disorder, and scores >30 = are
likely to have a severe mental disorder. Scores are calculated as the sum over 10
items with ratings on a 1-10 scale, where “0” represents “none of the time” and
“10” represents “all of the time”.

§ Not collected in Phase 3 to minimise participant burden.

9 PSEQ°” higher scores reflect stronger self-efficacy beliefs. Scores are calculated
as the sum over 10 items rated on a numeric rating 0-6 scale, where “0” rep-
resents “not at all confident” and “6” represents “completely confident.”

|| BPI-pain severity®® a higher score reflects greater pain severity and is calcu-
lated as the mean score over 4 items (average, worst, least pain over the past
week and pain right now) rated on a 0-10 numeric rating scale, where “0”
represents no pain and “10” pain as bad as you can imagine.

** BPI-pain interference®” higher scores reflect greater pain interference with
activities of daily living based on the patient’s self-reported BPI scores for the
items measuring interference. The interference questions are rated on a 0-10
numeric rating scale, where 0 represents “Does not interfere” and 10 represents
“Completely interferes”. The interference subscale is an average of the seven
interference questions.


http://www.abs.gov.au/statistics/standards/standard-sex-gender-variations-sex-characteristics-and-sexual-orientation-variables/latest-release
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1 Brief pain catastrophizing scale®® (BriefPCS-chronic) score (range 0-16).
Higher scores reflect high levels of catastrophic thoughts. Scores are calculated
as the sum over 4 items rated on a 5-point Likert scale ranging from 0 to 4, where
“0” represents “never” and “4” represents “always”.

health apps that help me manage my pain...” did not reach consensus (70%
agree or strongly agree) and was revised for re-assessment in Round 2.
Consensus agreement with the overall framework was achieved (30%
agree and 70% strongly agree).

Round 2 outcomes

At the end of Round 2 (n=19; 95% response rate), all 31 (100%)
attributes reached the consensus threshold for agreement (Table 2).
Agreement across rankings of the 11 coach-related attributes was low
(W=0-113, y? (21-4) = 10, p=0-018), suggesting that different youth
prioritise different attributes. Therefore, all 11 attributes were appro-
priate for inclusion in the digital coach-related DCE-1. Analysis of free
text responses generated six risks of harm (Table 3).

Discrete choice experiments (phase 3)

Fifty-two youth were recruited; 11 did not complete DCE-1 and a
further one young person did not proceed to complete DCE-2. Thus, 41
and 40 youth completed DCE-1 and DCE-2, respectively, of whom 88%
were born in Australia. The participant flow from enrolment to analysis
in DCE-1 and DCE-2, is depicted in Fig. 3.

Digital coach-related attributes (DCE-1)

Preference weights. Table 4 shows the sample mean preference weights
for the digital coach-related attributes presented to youth in DCE-1. The
three most important digital coach-related attributes contributed to
almost half (46-6%) of weight that youth placed on the 11 digital coach-
related attributes, including (mean weight[SD1%): ‘Generates a pain self-
care plan’ (19-6[14-5]); ‘Learns my preferences for pain self-care’ (15-9
[12-9]); and ‘Supports my healthcare visits’ (11-1[12-4]). Consistency
between the preference weights of the attributes was low (W = 0-161, 32
(72-4) = 11, p = <0-001), suggesting youth place different importance
on the coach-related attributes.

Marginal utility. With each higher level of performance of a coach-
related attribute, the value youth placed on performance diminished,
shown by decreasing differences in mean weight between sequential
levels (i.e., diminishing marginal utility). This is visually represented in
Table 4 by the horizontal bar plots, and can be interpreted by the
decreasing difference between adjacent horizontal bards in the plots.
This suggests that as the performance level increases, each level of
additional improvement on the attributes provides less value to youth.
However, for the attribute ‘My coach’s personadlity’, the difference in
mean weight between sequential levels of performance remained largely
constant. Marginal utility could not be interpreted for four attributes,
since they were each defined on two levels only: ‘Delivers fast-acting pain
care’, ‘Helps me to track my goals’, ‘Range of pain care support it provides’
and ‘Alerts me when things might go wrong’. Appendix O (p.A30) provides
further detail about marginal utility outcomes. Appendix O also provides
a visual depiction of the relationship between the weights and marginal
utilities of the coach-related attributes by plotting the difference in mean
weights between sequential levels of performance for each attribute.

Risks of harm (DCE-2)

Preference weights. Table 4 shows the sample mean preference weights
for the risks of harm presented to youth in DCE-2. Three risks of harm
contributed over half of the weight (57-7%) attached to risks of harm
(mean weight[SD]): ‘Quality of pain care advice & guidance’ (31-8[17-3]);
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‘Information being consistent with advice from my healthcare provider team’
(25-8[17-5]); and ‘Control over whom I share my data with’ (12-3[17-6]).
Consistency on the weights of the risks of harm was low (W = 0-267, x 2
(53-4) =5, p = <0-001)), suggesting that different youth have different
risk preferences.

Marginal utility. As risk level decreased through a higher level of per-
formance, the value youth placed on performance diminished, shown by
decreasing differences in mean weight between sequential levels (i.e.,
diminishing marginal utility). This is visually represented in Table 4, by
the horizontal bar plots, and can be interpreted by the decreasing dif-
ference between adjacent horizontal bards in the plots. This suggests
that as the performance level increases (decreasing risk), each level of
additional improvement on the potential risk provides less value to
youth. However, for the risk ‘Potential for reliance on technology,” the
difference in mean weight between sequential levels of performance
remained largely constant. The marginal utility function for ‘Safety
check’ could not be interpreted because the attribute was only defined on
two levels. Appendix O (p.A30) provides an explanation and visual
depiction of the relationship between the weights and marginal utilities
of the risk of harm attributes.

Response quality

Almost all participants agreed with their individual-level weights for
DCE-1 (n=40; 98%) and DCE-2 (n=38; 95%), confirming response val-
idity. Excluding the low-quality responses did not change the preference
weight rank-order of the coach-related attributes or the top two risks of
harm. However, the preference weight order of the third to least risks of
harm changed - this is reported Appendix P, (p.A33).

Discussion
Main findings

To the authors’ knowledge, this is the first study to explore what
youth experiencing CMP value in digitally-supportive CMP care,
including their perceived risks of harm and preferences for Al-enabled
digital coaches. The study findings contribute unique evidence, from
the perspective of CMP care for youth, to a wider body of literature on
digitally-supportive care for other chronic conditions,'®?"?>> and for
pain care in younger groups.‘®~*¢ Youth may consider up to 31 attributes
and six potential risks of harm when choosing DHSs to support their
CMP care. On average, a subset of these attributes was most important to
youth choosing Al-enabled digital coaches, and in considering related
risks of harms. This subset is likely critical to informing the co-design of
person-centred DHSs that includes an Al-enabled digital coach. Youth’s
preferences varied, likely reflecting their diverse experiences with CMP,
consistent with evidence,”* and underscoring the need for person-
alisation of digitally-supportive care.

Strengths and limitations

A strength of the current study is the exploratory, sequential mixed-
methods design, enabling explicit integration of youth lived CMP
experience perspectives at each phase, aligning with patient and public
involvement best practice and principles.’>>* Further, the sample re-
flects diversity in demographic and clinical pain profiles,'" including the
common experience of mental health comorbidities,® enhancing confi-
dence in the transferability of the findings to other contexts. Nonethe-
less, the findings should be considered in the context of potentially
important limitations. The sample size was modest and not fully repre-
sentative of diversity in youth living with CMP from culturally or
Australian geographically diverse backgrounds; important consider-
ations for pain care and research.® Consistent with other CMP research,
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most of the sample identified as women, reflecting the higher prevalence
of CMP in girls and women."*" Participants who identified as men or
non-binary were under-represented. Despite best efforts to define
conceptually discrete attributes for DCE-1, the authors cannot rule-out
that some attributes may be interdependent, which may have
confounded the preference weights. Variability of lived experience of
CMP may account for the wide heterogeneity in attribute weights, and a
larger sample may increase precision in the estimates.

Attributes of digital health solutions

Attributes concerning the functionality of DHSs in general align with
evidence for the behavioural, emotional and social needs of youth
experiencing CMP;>*°! e.g., ‘helps me to remember things...’; ‘supports my
mood when I need it’; ‘helps me to communicate with my social network’.
These findings signal that youth prefer technologies that help them live
well and support their CMP care in ways that are meaningful, consistent
with their preferences for pain care interventions more generally.>”
Valued attributes also encompassed preferences for accessibility,
pleasant and uncomplicated user experience and affordability (e.g., in-
clusivity, device settings, cost). These accessibility attributes are consistent
with the digital determinants of health, and resonate with preferences of
youth living with other chronic conditions (e.g., diabetes, mental ill-
health).'®°?

Table 2
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There are important differences between the current study’s findings
and prior studies on other chronic health conditions. For example, this
study identified that DHSs could help youth with CMP navigate a health
system. This was not the case for youth accessing diabetes or cancer
care, the difference possibly reflecting that, compared to CMP, care and
transition pathways are better understood and established for diabetes
and cancer.”>>* The findings also contrast with evidence from other
chronic conditions regarding specific components of care. For example,
digitally-supportive diabetes care strongly features physiologic targets
(e.g., glycaemic control), whereas CMP care has no defined biomarkers,
instead focusing on pain control and functional restoration.'">°

Although there is potential for use of Al-enabled self-care, little is
known about youth’s preferences for such technologies, particularly in
those experiencing CMP. The findings highlight that youth valued an AI-
enabled digital coach that could respond to their needs and preferences.
Providing personalised, supportive pain care, reinforced through guided
self-care, can help empower youth in managing their CMP. Digital
coaches co-designed with these attributes are likely to be more desirable
to, and adopted by youth with CMP, providing actionable help ‘in the
moment’, and beyond.'! Notwithstanding youth’s desire for positive
healthcare encounters, ‘my coach’s personality’ was the least valued
coach-related attribute. This finding may suggest that youth are already
familiar with Al technology, making this attribute less valued, or suggest
that they already have clinical care or are unfamiliar with how a digital

Attributes of digital health solutions (DHSs) identified from Phase 1 through content analysis, their level of agreement following eDelphi Round 1 and Round 2, and the

mean rank of the digital coach attributes.

Round 1 (N=20) Round 2 (N=19)
Mean
Attributes by concept group Level of agreement, N (%) (sp)
rank*
cor’:::;su :o’:Isee:n- Digital
Ea;h 'Elttlr;]butlehphrlast?d as;] ! v‘:/ue ::::nrglz Dis-agree Unsure Agree St;orr;ily satend ::::niz Dis-agree Unsure Agree S:o':g(ely sus at C::;Ij
a digital health solution that... g 4 of Round g 14 end of .
1 Round 2
Credibility
...is credible and trustworthy, so |
don't have to verify the information 0(0) 0(0) 0(0) 6(30) 14 (70) v
myself.
Inclusivity
...offers different interaction options
according to my preferences and 0(0) 0(0) 0(0) 8(40) 12 (60) v
needs.
...involved young people with lived
experience of chronic musculoskeletal 0(0) 0(0) 0(0) 9 (45) 11 (55) v
pain in its development.
Per lised pain
...creates a personalised plan to help 0(0) 1(5) 0(0) 9(45) 10 (50) v 5.3 (3-1)
me achieve my goals. T
...helps me to track my goals. T 0(0) 1(5) 1(5) 7(35) 11 (55) v 7:2(3-2)
..recommends pain care options that
have an immediate effect. o o) 1) gL W) 4 sh@s
...helps me to make sense of my
condition(s) or diagnosis. 0w 0 16) 5(25) 14(70) 4
...helps me to make sense of my pain 0(0) 0(0) 0(0) 9 (45) 11(55) v
care options.
...learns my preferences for my pain B
management. 0(0) 0(0) 0(0) 9 (45) 11 (55) v 49(33)
...generates pain care (B
recommendations that are useful to oo o) 1) o8 W(ER) 4 faEa)

(continued on next page)
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Table 2 (continued)
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me, even if | don't have a clear-cut

diagnosis. T

Coaching

...helps me to remember things | need

to do for my self-care. * o) 0 o) () ()
...motivates me to stick to my pain

care plan, 1 0(0) 0(0) 2(10) 14 (70) 4(20)
...helps me to predict when things

might go wrong, + 0(0) 1(5) 1(5) 8 (40) 10 (50)
...supports my mood when | need it. t 0 (0) 0(0) 1(5) 6 (30) 13 (65)
..engages me in a way that feels 0(0) 0(0) 1(5) 8 (40) 11 (55)

natural. t
Data sharing

...communicates with other health-

related information systems or apps

so that my digital health profile is 0(0) 0(0) 0(0) 7 (35) 13 (65)
complete and ready to support me, or

others, in my care team.

...gives me the option to connect with

other apps, without sharing my data 0(0) 0(0) 6(30) 9 (45) 5(25)
with those other apps.

...allows me to share my clinical

history with healthcare providers so | 0(0) 0(0) 0(0) 6(30) 14 (70)
don't have to repeat myself.

...allows my healthcare team to

connect with me between

appointments so | can be updated 0 0/ 00 5(25) 15(75)
with real-time clinical advice.

Navigating health systems

...helps me to navigate my health care 0(0) 0(0) 0(0) 9(45) 11(55)

system.

...helps me to navigate clinical
encounters so | can get the most value 0(0) 0(0) 0(0) 6(30) 14 (70)
out of them. t

Community

...connects me with a network of
other young people experiencing 0(0) 0(0) 3(15) 13 (65) 4(20)
chronic pain.

...helps me to communicate with my

social network. ow© 0w 1) 7s) 4(20)
Device settings

...allows me to input data or search for

information in different ways. ow© ow© ow© 12(60) 8 (40)
...lets me create shortcuts to the

features | find useful, so | can access 0(0) 0(0) 0(0) 5(25) 15 (75)
them quickly.

...is convenient so that | can use it

wherever, whenever. 0(0) 0(0) 0(0) 5(25) 15(75)
...allows me to customise content and

notifications. 0(0) 0(0) 0(0) 6 (30) 14 (70)
...has a pleasing look and feel and is 0(0) 0(0) 0(0) 4(20) 16 (80)
easy to use.

...allows me to download my data. 0(0) 0(0) 0(0) 8 (40) 12 (60)

Data security and privacy

...protects my personal data (security)
and gives me control over how it is 0(0) 0(0) 0(0) 2(10) 18 (90)
shared (privacy).

Cost

...is free or low cost to use. 0(0) 0(0) 0(0) 3(15) 17 (85)

67(27)
66 (4-0)
65 (2:4)

7-8(2:8)

C < < < KX

6-4(3-6)

X 0(0) 1(5) 1(5) 11 (58) 6(32) v

v - © ® ® © . 53(3-4)

C < <X

<

* Attributes with lower mean ranks are higher ranked.
1 Denotes a coach-related attribute.

1 Content analysis of free text responses for this attribute indicated that youth wanted the description to reflect greater control and safety over their data. To reassess
level of agreement, this attribute was revised from ‘I value a digital health solution that communicates with other non-health apps that help me manage my pain...’ to ‘I value a
digital health solution that gives me the option to connect with other apps, without sharing my data with those other apps...” and was re-presented to youth in Round 2.

coach might work in practice. It may also reflect how digital coaches
were framed in the DCE-1, as complimentary to clinical care, potentially
reducing the perceived value-add. Alternatively, this attribute may be
valued differently by sub-groups of youth. For example, the preliminary
subgroup analysis by gender, suggests that men and women share
similar preferences, but for only the two most preferred coach-related

attributes and risks of harm (results of the preliminary analysis are re-
ported in Appendix Q, p.A34). A larger sample would increase confi-
dence in estimates of sub-group specific preferences and better enable
exploration of associations between weights and clinical/demographic
characteristics.
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Potential risks of harm of digital health solutions identified following eDelphi round 2.

Potential risks of harm of digital health solutions

1. Generates information that is misinterpreted by me, e.g., a digital coach does not check my understanding of the potential risks of an intervention.
2. Replaces my healthcare team, e.g., I become dependent on the technology to gather information, prepare a care plan or interpret symptoms I am experiencing, rather than seeking

health professional advice when I might need it.
3. Shares my personal data without my consent. e.g., to the public.
4. Stores my personal data insecurely, such that it is vulnerable to data-hacks or leaks.
5. Recommends pain self-care plans that conflict with advice from my healthcare team.

6. Generates incomplete, inaccurate or outdated pain care recommendations. Artificial intelligence, for example, might formulate decisions from an incomplete data set, causing it to

generate low-quality recommendations.

Fig. 3. Phase 3 participant flow from enrolment in DCE-1 through to screening
and analysis, including those who responded to DCE-2.

Risks of harm

The risks of harm from DHSs identified by youth included poor in-
formation quality and information consistency, and autonomy over their
personal health data (e.g., data security, control). These findings are
consistent with harms reported by youth experiencing other chronic
conditions.”® Youth were most concerned about ‘Quality of pain care
advice’, which may reflect past experiences of receiving conflicting in-
formation from their healthcare team, or negative interactions during
clinical encounters.” In this respect, Al-enabled DHSs embedded within
a health service could help to improve the quality, consistency and
personalisation of both clinical care and self-care.'"*® Here, clinical and
digital CMP care could work synergistically to support youth with
quality, consistent and tailored pain care advice, with the added benefit
of mitigating their perceived risk about becoming reliant on DHSs.'"*
Technical capabilities that build trust in DHSs, such as data privacy and
security technologies that ensure appropriate ‘guard rails’ are important
co-design considerations to mitigate risks of harm. Communicating
what, where, when and how a DHS supports clinical care (e.g., role of an
Al-enabled digital coach) and ensures privacy and security protections,
is likely to support youth’s engagement with, and sustained adoption of
digitally-supportive care. Contrasting with other work, youth in the
current study did not identify the ‘digital divide’ as a potential harm.>®
This finding may reflect the sample’s familiarity with, and access to,
digital technology. Nonetheless, clinical service models that integrate
digital support must be co-designed with genuine efforts to address care
needs and to mitigate digital inequities.””

Implications

The attributes and their weights identified offer a starting point to
inform the co-design of DHSs that can support youth’s CMP self- and
clinical co-care. For example, in a health technology assessment
framework — which offers a structured approach to evaluation — the
attributes and risks of harm identified could be used to model youth’s
and other key decision-makers’ willingness to pay for, or use, different
configurations of Al-enabled digital coaches. This information could
help generate value-add information about potential ‘return on invest-
ment’; an important step towards informing value-based health services
and transparent, system- level evidence-based decision-making.””">®
Using adaptive trials designs to test time-sensitive, tailored care inter-
vention strategies and delivery mechanisms could identify how different
features of a DHS for youth may benefit their pain experiences, care
journeys, and health outcomes.”” !

Conclusion

In conclusion, this study identified that youth consider a range of
attributes of DHSs when choosing digitally-supported CMP care. A
subset of attributes drive their preferences for Al-enabled digital coaches
and their concerns about related risks of harm. These attributes are
important to incorporate into the co-design of digitally-enabled CMP
care services to augment clinical pain care in a way that is appealing to
young people, and if successful, inform scalable, accessible, safe, timely,
affordable and tailored support for youth living with CMP.

CRediT authorship contribution statement

Conceptualization; JC, HS, AMB, Data curation; JC, HS, AMB, Formal
analysis; JC, HS, SR, PH, AMB, Funding acquisition; JC, HS, AJS, SML,
PBO, JNS, AMB, Investigation; JC, HS, SR, AMB, Methodology; JC, HS,
SR, PH, AJS, SML, PBO, BT, JNS, AMB, Project administration; JC, HS,
SR, AMB, Supervision; HS, SR, AMB, Roles/Writing - original draft; JC,
HS, SR, PH, AMB, Writing - review and editing; JC, HS, SR, PH, AJS,
SML, PBO, BT, JNS, AMB.

Funding

This research is funded by the Australian Government Medical
Research Future Fund (MRFF) (APP2016567) with co-funding from the
Government of Western Australia, Department of Health (WA Health).
The MRFF provides funding to support health and medical research and
innovation, with the objective of improving the health and wellbeing of
Australians. Further information on the MRFF is available at
http://www.health.gov.au/mrff. The contents of this published material
are solely the responsibility of the individual authors and do not reflect
the views of the Government of Australia or the Government of Western
Australia. HS, SR and AMB were supported, in part, by MRFF funding. JC
and BT were supported, in part, by funding from the Government of
Western Australia, Department of Health (WA Health).


http://www.health.gov.au/mrff

J. Chua et al. The Journal of Pain 43 (2026) 106257

Table 4
Sample mean preference weights (%) of the 11 coach-related attributes and six risks of harm in discrete choice experiment (DCE)-1 and DCE-2, respectively.

Coach-related attribute [% of the sample  Sample Visual depiction of Risks of harm [% of the sample that Sample mean  Visual depiction of relative

that selected the attribute for the DCE*] mean relative weights for selected the attribute for the DCEt] weight (SD) weight by performance
weight (SD)  each performance (N=40) + level relevant to each risk

Levels (lowest to highest performance) (N=41) + level, by attributes Levels (lowest to highest performance) of harmsg

Generates a pain self-care plan [73.2] Quality of pain care advice & guidance [85.0]

1 No plan 0-0 (0-0) 1 Low quality 0:0 (0-0)

29  [Between level 1 and 3] 50 (4-4) 29 [Between level 1 and 3] 10-9 (6:0)

3 Generic plan (not personalised) 10-0 (8-1) 3 Moderate quality 20-2 (10:9)

4q  [Between level 3 and 5] 14-8 (11-2) 4q  [Between level 3 and 5] 26-8 (14-3)

5 Personalised plan 19-6 (14-5) 5 High quality 31-8 (17-3)

Learns my preferences for my pain self-care [78.0] Information being consistent with advice from my healthcare team [77.5]

1 Doesn't learn my preferences 0-0 (0-0) 1 Not consistent 0-0 (0:0)

29  [Between level 1 and 3] 57 (5-4) 29 [Between level 1 and 3] 76 (5:6)

3 Learns some of my preferences 102 (9-2) 3 Somewhat consistent 14-6 (10-2)

4q  [Between level 3 and 5] 13-4 (11-3) 4q [Between level 3 and 5] 206 (13-8)

5 Learns most of my preferences 15-9 (12.9) 5 Very consistent 25-8 (17-5)

Supports my healthcare visits [56.1] Data security protections [52.5]

1 No support 0-0 (0-0) 1 Minimum security 0:0 (0-0)

29 [Between level 1 and 3] 2:9 (3-5) 29 [Between level 1 and 3] 4-9 (5-5)

3 Generic support (not personalised) 5.7 (6:7) 3 Moderate security 9-1(10-2)

4q  [Between level 3 and 5] 84 (9-4) 4q [Between level 3 and 5] 12-2 (14-1)

5 Personalised support 11-1 (12:4) 5 Maximum security 14-8 (17-6)

Helps me remember things [61.0] Control over who | share my data with [55.0]

1 No prompting 0-0 (0-0) 1 Minimum control 0:0 (0-0)

29 [Between level 1 and 3] 3-6 (4-0) 29 [Between level 1 and 3] 3.7 (5-2)

3 Some prompting 6-4 (7-0) 3 Moderate control 7:1(9:4)

4q  [Between level 3 and 5] 81(8:6) 4q [Between level 3 and 5] 9:9(12:2)

5 A lot of prompting 92 (9-6) 5 Maximum control 12-3 (14-5)

Provides mind & mood support [41.5] Safety check, to make sure | understand information provided [52.5] ||

1 No support 0:0 (0-0) 1 No 0-0(0-0)

29 [Between level 1 and 3] 3-1(4-4) 2 Yes 8:0(13:6)

3 Some support 56 (7-8) Potential for reliance on technology [50.0]

4q  [Between level 3 and 5] 7-4 (10-0) 1 High chance 0-0 (0-0)

5 A lot of support 87 (11-7) 29 [Between level 1 and 3] 2-1(4-3)

Delivers fast-acting pain care [51.2] || 3 Moderate chance 3.9(7-1)

1 No 0-0 (0-0) 4q [Between level 3 and 5] 5-5(8-6)

2 Yes 8-2(10-1) 5 Low chance 7-3 (10-4)

Helps me to track my goals [43.9] ||

1 No goal tracking 0:0 (0-0)

2 Helps track my goals 7-1(10-2)

Range of pain care support it provides [24.4] || **

1 Narrow (specific to my diagnosis) 2:2(53)

2 Broad (support for all MSK pain) 3-8(7-1)

Alerts me when things might go wrong [36.6] | |

1 No alert 0:0 (0:0)

2 Provides an alert 5-5(8:5)

Gives me motivational support [34.1]

1 No support 0-0 (0-0)

29  [Between level 1 and 3] 1-5(3-0)

3 Some support 2:9(5-2)

4q  [Between level 3 and 5] 4-0(7-0)

5 A lot of support 5-2(8-9)

My coach's personality, i.e. human-ness [22.0]

1 Fully robotic -0 (0-0)

29  [Between level 1 and 3] 0-9(2:3)

3 Mix of robotic and human 1-8 (43)

4q  [Between level 3 and 5] 2-6 (6-3)

5 Fully human-like 3:5(8:5)

* Represents the proportion of the sample who selected the attribute in discrete choice experiment-1 (DCE-1) from the 11 coach-related attributes.

1 Represents the proportion of the sample who selected the attribute in discrete choice experiment-2 (DCE-2) from the six risks of harm.

1 The weights of the highest level of performance for each attribute sum to 100% and represent their relative preference.

§ Horizontal bar graphs reflect the weight on each level of performance of an attribute (DCE-1) or risk of harm (DCE-2). The consistency of the difference in mean
weight between sequential levels (or one bar, to the next) for a given attribute provides a visual depiction of the attribute’s marginal utility function (see Appendix O
for more detail).
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9 The point estimate of this level was interpolated by applying a Bézier curve to the mean weights of the 1st, 3rd and 5th levels of the attribute, powered by 1000minds.
|| Attributes or risks of harm with only two levels do not provide enough information to judge increasing, decreasing or constant marginal utility - an attribute must
have at least 4 levels to calculate three data points representing the weight difference between levels 1-2, 2-3, and 3-4.

** Young people were able to select which level was the ‘worst” and which was the ‘best’ (i.e., self-explicated). The overall mean weight of this attribute is the sum of

the weight of its two levels (3-8 + 2:2 = 6:0%).
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