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Abstract

Digital mental health interventions (DMHIs) frequently experience low user engagement 
and high attrition, highlighting the importance of incorporating user-centred design ap-
proaches during early-stage development. This study presents a structured mixed-methods 
workflow that integrates participatory co-design activities with a complementary quantita-
tive prototype evaluation to support the formative development of digital mental health 
platforms. Using a qualitatively driven sequential design with an embedded quantitative 
strand, 45 university students in design, engineering, architecture and ergonomics pro-
grammes took part in three participatory co-design workshops in nine groups of five and, 
at the close of the final session, each group rated the low-fidelity AMGR-I prototype it had 
itself built against eleven design criteria. Ratings differed systematically across criteria 
(Friedman 𝜒2(10) = 225.73, 𝑝 < 0.001, Kendall’s 𝑊 = 0.50), and the difference persisted 
when the clustering of ratings within the nine artefacts was modelled. Gamification was 
rated significantly lower than every other criterion after Holm’s correction and content 
quality highest, while data privacy and security was among the lowest-rated criteria de-
spite being one of the most frequently and forcefully discussed concerns in the workshops. 
Because the instrument measured evaluation of the artefact rather than the importance 
attached to each criterion, that pattern is a convergence between the two strands rather 
than a paradox: the requirement these participants discussed most was the one their own 
artefacts served worst. That convergence is the study’s central integrated finding. The 
participants are characterised throughout as design-literate formative evaluators rather 
than as prospective users, and the resulting design propositions are presented as hypotheses 
for subsequent testing. The contribution of the paper is the workflow itself: a lightweight, 
low-cost and classroom-deployable procedure for combining co-design with structured 
prototype evaluation at the pre-clinical formative stage.

Keywords: digital mental health; co-design; human–computer interaction; user-centred 
design; mixed-methods research; user experience

1. Introduction
Digital mental health interventions (DMHIs) have gained significant traction as an 

accessible means of delivering support, yet their real-world effectiveness is often hampered 
by poor user engagement and high attrition rates [1–3]. Many digital solutions focus 
primarily on functional requirements, with less emphasis on creating the engaging and 
emotionally resonant experiences necessary for sustained use [4,5]. This challenge is 
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particularly acute among university students, a population that faces significant mental 
health challenges while also being prolific users of digital technology, making them a 
relevant population for exploring early-stage digital mental health platform design and 
evaluation [6–10].

To address this engagement gap, scholars have increasingly advocated for user-centred, 
co-design approaches, wherein intended users and other stakeholders collaboratively in-
form technology development from its early stages [11–13]. By involving users directly, 
interventions can be made more relevant and responsive to their lived experiences, which 
is theorised to improve adoption and effectiveness [14–17]. This approach ensures that 
the final product resonates with the diverse backgrounds, cultural contexts, and clinical 
histories that affect how individuals perceive technology-based interventions [5,18].

However, a persistent challenge within co-design research is its frequent reliance 
on small-scale, qualitative methods such as workshops and focus groups. While these 
methods provide rich contextual understanding and detailed user insights, a complementary 
quantitative strand may support the structured evaluation of a design artefact and a broader 
interpretation of emerging design themes [19–21]. This creates an applied development 
challenge: how to retain the richness of qualitative co-creation while integrating quantitative 
feedback capable of supporting evidence-informed design decisions during early-stage 
platform development [22].

This paper addresses that challenge by presenting and evaluating a structured mixed-
methods workflow for the formative development of DMHIs. Using the creation of the 
AMGR-I prototype as a case study, we illustrate how participatory co-design workshops 
can be combined with a structured evaluation of the resulting artefact so that in-depth par-
ticipant perspectives and broader patterns of evaluation can be interpreted together. Rather 
than proposing a new theory of co-design, the paper contributes an applied workflow for 
integrating qualitative and quantitative evaluation within early-stage DMHI development, 
and reports honestly on what such a workflow can and cannot establish at this scale.

An earlier, single-authored account of the same study was posted as a preprint in 
November 2023 [23]. The present paper extends that account with the full analytic proce-
dure, the integration mechanism, inferential comparison of the criteria, a formal assessment 
of factorability, and the workflow formulation that constitutes the contribution.

2. Background and Related Work
2.1. Co-Design in Digital Health

Co-design, which is closely related to participatory design approaches, has proven 
effective for technologies requiring intensive user involvement, such as mental health in-
terventions [24,25]. In these contexts, involving intended users and relevant stakeholders 
(e.g., patients, clinicians, caregivers) ensures that the product resonates with their lived 
experiences [14]. Co-design typically involves iterative cycles of insight gathering, proto-
type development, and feedback loops, placing user voices at every stage of the design
process [20,26–28].

Despite documented benefits, implementing co-design in digital mental health raises 
unique challenges. First, mental health stakeholders present heterogeneous needs and 
conditions, which can complicate universal design decisions [29]. Second, bridging clinical 
expertise with lay user experiences requires careful facilitation [30]. Third, many digital 
health initiatives adopt singular qualitative approaches, making it more difficult to compare 
emerging requirements across broader participant groups [31]. Combining qualitative 
and quantitative methods may support more structured interpretation of design outcomes 
during early-stage platform development.
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2.2. Existing Frameworks and the Gap Addressed Here
Several established frameworks already govern the development and evaluation of 

digital health interventions, and the contribution claimed here must be stated relative to 
them rather than in isolation.

The Person-Based Approach [32] is the closest antecedent: it likewise privileges iter-
ative qualitative engagement to surface the beliefs and contexts that shape intervention 
use, and it likewise operates at the formative stage. The Medical Research Council and 
NIHR guidance on developing and evaluating complex interventions [33] provides the 
overarching methodological architecture within which formative work sits, spanning devel-
opment, feasibility, evaluation and implementation. The NASSS framework [34] addresses 
the determinants of adoption, non-adoption and abandonment once a technology reaches a 
care setting, and the Accelerated Creation-to-Sustainment model [35] addresses the com-
pression of development and evaluation cycles for behavioural intervention technologies. 
Independently, the health preference elicitation literature offers mature instruments, includ-
ing discrete choice experiments and best–worst scaling, for establishing priorities among 
competing attributes under explicit trade-off [36,37].

The workflow presented here does not compete with any of these, and it would be 
misleading to present it as doing so. The Person-Based Approach and the MRC/NIHR 
guidance operate at a programme scale that presumes access to clinical populations, ethical 
infrastructure and sustained funding. NASSS presumes a technology mature enough to 
be adopted or abandoned. Discrete choice experiments and best–worst scaling require 
instrument design expertise and larger samples than a formative design study typically 
commands. What is missing between them is a procedure for the earliest pre-clinical stage: 
the point at which a design team has a concept and no product, needs to know which 
attributes to build first, and has access to a room of design-literate participants for a handful 
of sessions.

The contribution claimed here is therefore deliberately modest in scope and specific 
in kind. It is a lightweight, low-cost and classroom-deployable operationalisation for early 
formative work, specifying how co-design outputs and a structured evaluation instrument 
can be generated, analysed separately and integrated through an explicit joint display, 
together with an honest account of the inferential limits of doing so at this scale. It is a 
complement to the frameworks above, and a candidate first step feeding into them, not 
an alternative.

2.3. Integrating Qualitative and Quantitative Methods in Co-Design
An emerging strand of research underscores the value of combining rich qualitative 

data with complementary quantitative evaluation measures [22,38–40]. Qualitative engage-
ment, through interviews, workshops, or diaries, captures lived experiences, emotional 
needs, and use-case complexities [21]. Structured quantitative instruments can summarise 
how a group evaluates a set of defined attributes and can make disagreement between 
participants visible in a form that group discussion tends to obscure.

When integrated iteratively, these approaches can strengthen co-design:
1. Making the distribution of views visible: Aggregated ratings show whether a recom-

mendation voiced strongly by a few participants is shared across the group, which 
unstructured discussion rarely reveals.

2. Uncovering nuances: Qualitative insights can explain anomalies in quantitative findings, 
revealing the reasoning behind an otherwise puzzling pattern [31].

3. Driving iteration: Quantitative results from formative testing can prompt further qual-
itative investigation, producing a feedback loop that refines prototypes and design 
decisions [41].
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2.4. The Evolving Landscape of User Expectations
Contemporary users of digital products increasingly expect not only functional tools 

but also experiences offering emotional engagement and personal resonance [41,42]. In men-
tal health contexts, this translates to interest in features that foster community, personalisa-
tion, and autonomy, rather than static content delivery alone. For young adults in particular, 
peer support and a sense of connection can be powerful motivators [43–46]. Recent reviews 
also highlight that personalisation is a key driver of engagement, though the mechanisms 
for achieving it (e.g., user choice versus machine learning) are still being explored [1,47,48]. 
User-centred and participatory design approaches are well suited to addressing these 
evolving expectations by eliciting both what participants do and why they do it [5,49].

3. Methods
3.1. Design and Overall Workflow

This study employed a qualitatively driven sequential mixed-methods design with an 
embedded quantitative strand, following the typology of Creswell and Plano Clark [50] and 
the integration guidance of Fetters and colleagues [51]. The qualitative strand was dominant 
and determined the study’s analytic direction; the quantitative strand was embedded 
within it, deriving its content from the first workshop and its data from the close of the 
final workshop.

We note this classification explicitly because the earlier account of this study described 
the design as convergent parallel. That description was inaccurate. The two strands were 
neither independent nor concurrent: the eleven evaluation criteria were derived from 
themes generated in Workshop 1, and the rating instrument was administered at the end of 
Workshop 3, after three sessions of group discussion on the same topics. The consequences 
of this sequence for interpretation are treated as a primary limitation in Section 5.4 rather 
than a secondary caveat.

Figure 1 presents the workflow as implemented, showing the phases, their inputs and 
outputs, the decision points, and the single moment at which the two strands are integrated.

The study received ethical approval from the Ethics Committee of the Blithe Research 
Initiative (approval number BRI.581506.18215/1/1, issued 18 May 2023). Data were collected 
in June 2023. The Blithe Research Initiative is affiliated with the study’s funder, BGDV-
Hanbo Research, as a privately funded research body; this relationship is disclosed in the 
Conflicts of Interest statement. The funder had no role in the design of the study, in the 
collection, analysis or interpretation of data, or in the decision to publish.

3.2. Participant Recruitment and Characteristics
A total of 45 participants were recruited from a university in Spain using a purposive 

sampling strategy. Recruitment materials, including flyers and emails distributed through 
departmental channels, targeted students enrolled in degree programmes related to design, 
engineering, architecture, and ergonomics. The sample comprised the whole of the cohort 
available to the study, and no a priori power analysis was conducted; none of the analyses 
reported below rests on an assumption of adequate power. The earlier account of this 
study reported an a priori power calculation for a paired-samples comparison of metrics 
before and after a design change. No such comparison was undertaken in this study, that 
calculation did not govern its design, and it is not relied upon here. This strategy was 
selected to recruit participants who, while not representing a clinical population with lived 
experience of mental ill-health, possessed a high degree of technological literacy and a 
developed vocabulary for articulating feedback on design, usability, and user experience. 
Participants are therefore characterised throughout this paper as design-literate formative 
evaluators rather than as users or prospective users of a digital mental health platform, 
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and this characterisation constrains the interpretation of every finding reported below, not 
only the limitations. 

Workshop 1
Discovery

Workshop 2
Ideation

Workshop 3
Prototyping

journey maps concepts, sketches paper prototypes

Evaluation criteria derived
from Workshop 1 themes

Face review (2 HCI
researchers) and pilot (n = 5)

Instrument administered
at close of Workshop 3

the quantitative instrument is derived
from qualitative output: the strands are
not independent

QUAL strand (dominant)
Reflexive Thematic Analysis

single coder · reflexive
journal · member checking

quan strand (embedded)
Median, IQR, bootstrap CI
Friedman · Holm-corrected

Wilcoxon contrasts

Qualitative corpus: verbatim
transcripts and field notes
from all three workshops

re
co
rd
in
g
s
o
f
W
or
k
sh
o
p
s
1
–
3

Factorability
adequate?

KMO · Bartlett
parallel analysis

No → no dimension reduction;
no latent-structure or

user-type claim carried forward

Joint display
convergence / divergence /

complementarity, per criterion

Testable design propositions
(inputs to Person-Based Approach

and MRC/NIHR-stage work)

strands analysed independently

Figure 1. The structured mixed-methods workflow as implemented in this study. Solid arrows denote 
sequence; the dashed arrow denotes the derivation of the quantitative instrument from qualitative 
output; the dashed box encloses the stages at which the two strands are analysed independently; the 
light-shaded blocks are the three workshops; and the dark-shaded block marks the single point of 
formal integration.

Participation was incentivised with credit towards participants’ degree programmes. 
An alternative task of equivalent workload was available to any student who preferred 
to earn the same credit without taking part in the study, and withdrawal from the study 
at any point did not affect entitlement to that credit. No member of the facilitation team 
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held a teaching or assessment relationship with any participant. Participants provided 
written informed consent prior to engagement and were assured of the anonymity and 
confidentiality of their data. The gender question offered non-binary and prefer-not-to-say 
response options; no participant selected either. The demographic characteristics of the 
participants are summarised in Table 1.

Table 1. Participant demographic characteristics (N = 45).

Characteristic Category Value (N/%)

Age (years) Mean (SD) 22.1 (1.8)
Range 19–25

Gender
Male 28 (62.2%)
Female 17 (37.8%)
Non-binary/prefer not to say 0 (0%)

Programme of study

Engineering 12 (26.7%)
Architecture 12 (26.7%)
Design 11 (24.4%)
Ergonomics 10 (22.2%)

3.3. Data Collection Procedures and Instruments
3.3.1. Qualitative Stream: Participatory Co-Design Workshops

Participants were organised into nine multidisciplinary groups of five and took part in a 
series of three two-hour co-design workshops facilitated by a team of academic and industry 
researchers. Each group worked together across all three sessions and, in Workshop 3, built 
and then evaluated its own prototype, so the study yielded nine prototypes rather than one. 
Group membership is recoverable for every participant because participant identifiers were 
allocated group by group at the time of the workshops: S-01 to S-05 constituted Group 1 
and so on to S-41 to S-45 as Group 9. A group identifier is included in the deposited rating 
matrix (Supplementary Materials, S2), and the consequences of this clustering for the 
quantitative analysis are treated in Section 3.4.1. All 45 participants attended all three 
sessions; complete retention is attributable to the scheduling of the workshops within 
timetabled hours and to the credit arrangement described above. The workshops were 
designed to be collaborative and generative, moving iteratively through stages of discovery, 
ideation, and prototyping [11]. Each workshop followed a structured protocol:

• Introduction and insight playback (15 min). Each session began with a summary of 
the key findings and design decisions from the previous workshop to ensure continuity 
and build a shared understanding. This also served as a form of member checking.

• Generative activities (60 min). The core of each workshop involved a primary cre-
ative task:

– Workshop 1 (Discovery). User journey mapping. Participants mapped potential 
user journeys for a student seeking mental health support, identifying key pain 
points, opportunities, and emotional states. This activity grounded the design 
process in imagined lived experience and produced the thematic material from 
which the eleven evaluation criteria were subsequently derived.

– Workshop 2 (Ideation). Brainstorming and concept sketching. Building on the 
journey maps, participants engaged in rapid idea generation to produce a wide 
range of candidate features and solutions. These ideas were clustered thematically 
and developed into low-fidelity paper sketches.

– Workshop 3 (Prototyping and feedback). Interactive prototyping and think-aloud. 
Each group used its own sketches to create a low-fidelity, interactive paper pro-
totype of the AMGR-I platform’s core features, then engaged in a think-aloud 
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protocol, role-playing as users to test that prototype and provide real-time feed-
back on usability and clarity.

• Reflection and consolidation (45 min). The final part of each workshop was dedicated 
to a group discussion in which key insights were consolidated and priorities for the 
next design iteration were collectively decided.

Because the workshops required participants to engage with the experience of seeking 
mental health support, safeguarding provisions were in place throughout. At the start of 
each session, participants were told verbally that they could pause, step out, or withdraw 
at any point without giving a reason and without any consequence for their course credit, 
and that they were not required to disclose personal experience at any stage. Facilitators 
remained available during and after each session, and participants who wished to discuss 
anything arising from the session were directed to the university’s student support and 
counselling services. These provisions were verbal and informal; no written distress protocol 
was in place, and this is acknowledged as a limitation. No participant withdrew from a 
session and no distress-related incident was recorded.

All workshops were audio-recorded and transcribed verbatim. Facilitators also took 
detailed field notes and collected all artefacts produced by the participants.

3.3.2. Quantitative Stream: Prototype Evaluation Instrument
At the conclusion of the final workshop, all 45 participants completed a structured, 

researcher-developed instrument in which they rated the low-fidelity AMGR-I prototype 
their own group had built and tested against eleven design criteria, each on a ten-point 
scale. The criteria were interactivity, gamification, immersiveness, usability, accessibility, 
personalisation and customisation, content quality, visual appeal, user experience, respon-
siveness, and data privacy and security. The instrument therefore measured participants’ 
evaluation of the prototype against each criterion, not the general importance they attached 
to that criterion in the abstract.

We state this explicitly because the earlier account of this study described the instrument 
as measuring the importance of each criterion. That description was incorrect, and correcting 
it changes the interpretation of the results reported in Section 4.2.

Instrument development and pre-testing. The criteria were derived from the themes gen-
erated in Workshop 1 and cross-checked against recurring evaluation dimensions in the 
human–computer interaction (HCI) literature. To support clarity and consistency, the in-
strument underwent face review by two senior HCI researchers not otherwise involved in 
the study, and was pilot-tested with a separate group of five students to assess wording 
clarity and comprehension, resulting in minor refinements prior to administration. No 
psychometric validation was undertaken: no internal consistency coefficient was calculated, 
and no construct validity assessment or item analysis was performed. Moreover, the instru-
ment should be understood as a purpose-built formative evaluation device rather than a 
validated scale.

Availability of the instrument. The original instrument file was not retained in a re-
coverable form. The account given above is provided by the first author, who designed 
and administered it, and is corroborated by the contemporaneous account of the study 
given in [23], which likewise describes the ratings as an evaluation of the prototype. 
The non-retention of the instrument is a documentation failure on the authors’ part, it 
prevents independent verification of the item wording, and it is recorded as a limitation in
Section 5.4.
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3.4. Mixed-Methods Data Analysis Strategy
The qualitative and quantitative data were analysed independently before being

integrated.

3.4.1. Quantitative Data Analysis
All quantitative analyses were conducted in Python 3.11 using NumPy 2.4.4, SciPy 

1.17.1, pandas 3.0.2, factor_analyzer 0.5.1 and Matplotlib 3.10.9. The complete analysis 
script, which reproduces every statistic and figure reported in this paper from the raw 
rating matrix, is provided in the Supplementary Materials, S2.

For each criterion, we report the median, interquartile range, a bias-corrected bootstrap 
95% confidence interval for the median based on 10,000 resamples, the mode, the observed 
range, and the mean and standard deviation. Because the same participants rated all eleven 
criteria, differences across criteria were tested with the Friedman test, with Kendall’s 𝑊
as the effect size. All 55 pairwise contrasts were then examined using Wilcoxon’s signed-
rank tests with Holm’s correction applied across the full family of comparisons, and the 
rank-biserial correlation 𝑟 reported as the effect size for each contrast.

Because each group rated the prototype it had itself built, the 45 rating vectors are 
clustered within nine artefacts, and the procedures described above treat as independent 
blocks observations that are not fully independent. Three further analyses were therefore 
conducted. First, the intraclass correlation coefficient ICC(1) was estimated for each criterion 
from a one-way random-effects decomposition, and the implied design effect computed at a 
group size of five. Second, the omnibus test was repeated on the nine group-mean profiles, 
which absorbs the clustering entirely at the cost of reducing the number of blocks to nine. 
Third, each of the 55 pairwise contrasts was re-tested using a linear mixed model fitted to 
the paired difference scores with a random intercept for group, with Holm’s correction 
applied across the same family of 55; this is the primary clustered analysis and is reported 
alongside the participant-level results throughout. A further set of contrasts using cluster-
robust standard errors referred to 𝑡(8) is reported in the Supplementary Materials, S2, as a 
conservative bound, with the caveat that cluster-robust inference is known to be unreliable 
with as few as nine clusters. An exhaustive cluster sign-flip permutation test was also 
computed and is reported there uncorrected only, because with nine clusters, its smallest 
attainable 𝑝-value is 1/512 = 0.002 and no contrast can survive Holm’s correction across 55 
comparisons at that resolution; the same resolution limit applies to a signed-rank test on 
nine group means, and neither is treated as evidence about the contrasts.

The factorability of the eleven criteria was assessed before any dimension-reduction pro-
cedure was attempted, using the Kaiser–Meyer–Olkin measure of sampling adequacy [52], 
Bartlett’s test of sphericity, and Horn’s parallel analysis based on 5000 permutations of 
the observed data [53]. Pearson’s, Spearman’s and polychoric correlation matrices were 
computed and compared, the polychoric matrix being the appropriate choice for ordi-
nal responses. The outcome of these checks, reported in Section 4.4, determined that no 
component-extraction procedure was warranted.

3.4.2. Qualitative Data Analysis
The qualitative dataset comprises verbatim transcripts of the three workshops, includ-

ing the Workshop 3 think-aloud sessions, together with facilitator field notes. No individual 
or small-group interviews were conducted at any stage, and no data source other than those 
named here contributed to the analysis. The preprint account lists interviews among the 
study’s qualitative sources and attributes the quantitative data to usability tests; neither 
description is accurate, and the account given here is the correct one. The qualitative dataset 
was analysed using Reflexive Thematic Analysis [54]. This approach was chosen because 
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it acknowledges the researcher’s active role in interpreting data and constructing mean-
ing, which is appropriate for collaborative and design-oriented research contexts where 
researchers participate in the iterative development process [55]. The analysis followed 
the six-phase process: data familiarisation, generating initial codes, searching for themes, 
reviewing themes, defining and naming themes, and producing the report.

Coding and theme development were carried out by the first author working alone. 
This is a deliberate choice consistent with Reflexive Thematic Analysis, which treats the 
researcher’s interpretative engagement as a resource rather than a source of bias to be 
controlled, and which explicitly does not require multiple coders, consensus coding or 
inter-rater reliability statistics [54]. In place of those procedures, the first author maintained 
a reflexive journal throughout, documenting analytical decisions and examining how his 
own position as both facilitator and analyst shaped the interpretation, including the bearing 
on that interpretation of his declared commercial interest in the platform concept, which is 
stated in the Conflicts of Interest statement and which gave him a stake in the artefacts he 
was analysing; themes were presented back to participants at the start of the two subsequent 
workshops for confirmation and refinement. Coding was performed manually on the 
transcripts and field notes; no qualitative analysis software was used. The preprint states 
that thematic analysis was carried out using software, which is not accurate. Reporting 
of the qualitative component follows the COREQ checklist [56]; a completed checklist is 
provided in the Supplementary Materials, S4, with any item we are unable to satisfy marked 
as not reported rather than omitted.

Consistent with this analytic framework, we do not report participant counts as an 
index of thematic importance. The earlier account of this study reported such counts; they 
have been removed, because Reflexive Thematic Analysis does not license them and because 
their derivation from group discussion, in which not every participant speaks on every topic, 
cannot be specified. Where we describe a topic as having been among the most frequently 
or forcefully discussed, as we do of data privacy, that is an analyst’s characterisation of 
the sessions grounded in the transcripts and field notes, and not a count of participants or 
of utterances. We draw the distinction explicitly because the two are easily conflated and 
because the central finding rests on such a characterisation; a reader who declines to accept 
the characterisation should read the corresponding result as the artefact’s low rating on 
a criterion participants raised unprompted and returned to across sessions, which is the 
weaker claim the retained material will carry on its own.

3.4.3. Data Integration
The quantitative results and qualitative themes were integrated through a joint dis-

play [51], presented in Section 4.5. For each of the eleven criteria, the display sets the 
quantitative result alongside the corresponding qualitative material and classifies the rela-
tionship between them as convergence, divergence or complementarity, before stating the 
resulting design implication. The joint display is the mechanism by which integration is 
performed in this workflow, and it is presented as a main table rather than an appendix for 
that reason.

3.5. Ensuring Methodological Rigour and Trustworthiness
The trustworthiness of the qualitative findings was addressed through the criteria set 

out by Lincoln and Guba [57], following the operationalisation described by Nowell and 
colleagues [58].

• Credibility. Credibility was addressed through triangulation, by comparing workshop 
findings with the prototype evaluation data—noting that the two strands are not inde-
pendent, which limits what the comparison can establish, as set out in Section 5.4—and 
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through member checking: at the beginning of Workshops 2 and 3, a summary of 
themes from the previous session was presented to participants for confirmation 
and refinement.

• Transferability. The findings are not statistically generalisable. Transferability was 
addressed through thick description of the research context, participant character-
istics and study procedures, allowing for readers to judge applicability to related 
design settings.

• Dependability and confirmability. These were addressed by maintaining an audit trail 
comprising verbatim transcripts, coded data, and a reflexive journal documenting 
analytical decisions, all of which are retained. The participant-generated artefacts 
were collected during the sessions but were not retained (Section 3.6), and the audit 
trail accordingly does not include them; the confirmability of the analysis rests on the 
transcripts, the coded data and the journal alone.

3.6. The AMGR-I Prototype
AMGR-I is the name of the prototype platform developed in this study; it is not an 

initialism, and the suffix denotes the first pilot iteration. The concept was for an integrated 
digital mental health platform for a university student population, organised around four 
sub-systems identified by participants in Workshops 1 and 2 and elaborated in Workshop 3: 
a social and community sub-system supporting peer connection; a health sub-system medi-
ating contact with care providers; an e-learning sub-system delivering psychoeducational 
content; and a cloud sub-system handling storage and data sharing. Figure 2 shows the 
conceptual structure that emerged from this process. The preprint account of this study 
presents the same four-part structure in introductory material about the platform rather 
than as a study output. That preprint was written five months after the workshops, by which 
time the structure the sessions had produced was simply the platform’s architecture; its 
placement there reflects the order of writing, not the order of events. The platform was 
conceived as a signposting, psychoeducation and peer-support environment; it was not 
designed to make or recommend treatment decisions, and no clinical decision support was 
prototyped or evaluated. Figure 2 retains therapy, medication and insurance providers as 
nodes because the structure locates the platform in relation to those external actors; the 
nodes denote structural relationships, principally signposting and the exchange of infor-
mation with a provider the user has chosen, and not functionality that was prototyped or 
rated. No node in the figure corresponds to a clinical decision-support feature.

In Workshop 3, each of the nine participant groups constructed its own low-fidelity 
interactive paper prototype of the platform’s core screens and flows, working from the 
sketches produced in Workshop 2. Three design directions were explored across the nine 
groups—minimalist, illustrative and immersive—of which the immersive direction attracted 
the most favourable comment. It is these nine group-built paper prototypes, and no running 
software, that participants evaluated against the eleven criteria, each group rating the 
artefact it had itself produced. The physical prototypes and any photographs of them were 
not retained, and we have not reproduced them, since a reconstruction made by the authors 
would show something other than the participant-made artefacts that were rated. Table 2 
instead records what was prototyped. It rests on the first author’s account of the sessions, 
corroborated by the contemporaneous preprint [23] as to the four sub-systems and the 
three design directions. The preprint does not corroborate the medium, for the reason set 
out immediately below, and the inventory should not be read as resting on it in that respect.
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Figure 2. The conceptual structure of the AMGR-I platform, as developed through the co-design 
workshops. Dark header bars denote the four sub-systems; dashed boxes denote the actors and 
components identified within them. Arrows from the platform node denote its decomposition into 
sub-systems; arrows between groups of components denote the order of elaboration; and arrows into 
the shaded region denote the flow of content and user data to the storage, backup and integration 
functions of the cloud sub-system.

Reconciliation with the preprint account of prototype fidelity. The preprint describes, in its 
introductory account of the platform rather than in its methods, a design progression from 
paper sketches through low- and mid-fidelity digital wireframes to high-fidelity interactive 
prototypes built in Figma, and states that high-fidelity interactive prototypes were employed 
during an evaluation phase. That passage describes the authors’ own development of the 
AMGR-I concept, which ran separately from the study reported here and continued after 
it. It does not describe what the participants in this study evaluated. The artefacts rated 
against the eleven criteria were the nine paper prototypes built by the participant groups in 
Workshop 3. No digital, interactive or running prototype was placed before participants 
at any point in the three workshops, and no rating reported in this paper refers to one. 
We state this explicitly because the preprint’s placement of that passage makes it easy 
to read as a description of this study’s method, and because the two accounts have been 
read as contradictory. One principle governs our use of the preprint throughout, and we 
state it rather than leave it to be inferred: it is a contemporaneous record and we rely on it 
where it corroborates the authors’ own records, as it does on the construct the instrument 
measured; where it conflicts with those records on matters of procedure, the account given 
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in this paper is the corrected one and we identify each such conflict individually rather than 
setting the preprint aside wholesale. The high-fidelity files themselves were produced in 
an institutional account to which the first author no longer has access and cannot now be 
retrieved. We record that for completeness, since the preprint names the tool and such files 
are ordinarily recoverable, and not as a limitation of the present study: those artefacts were 
not evaluated by participants, and no result reported here depends on them.

Table 2. What was prototyped and evaluated. The physical prototypes were not retained (see Section 3.6).

Element What Was Prototyped or Explored

Social and community sub-system Community and social-networking functions supporting peer connection 
among students

Health sub-system Interaction with healthcare providers; signposting to care rather than 
delivery of it

E-learning sub-system Delivery of educational and psychoeducational content

Cloud sub-system Storage and sharing of user data across the platform

Design directions
Three directions explored in parallel—minimalist, illustrative and 
immersive—with the immersive direction attracting the most
favourable comment

Medium
Nine low-fidelity interactive paper prototypes of core screens and flows, one per 
participant group, built from that group’s Workshop 2 sketches; no digital or 
running software at any stage

Testing procedure Think-aloud protocol, with participants role-playing as users

Explicitly out of scope No clinical decision support; no treatment recommendation; no 
automated diagnosis

4. Results
The integrated analysis identified three themes concerning how participants evaluated 

the AMGR-I prototypes and what they wanted from a digital mental health platform. Table 3 
sets out the themes and sub-themes with definitions and illustrative extracts.

Table 3. Themes, sub-themes and illustrative extracts. Verbatim extracts appear in italics within 
quotation marks. All extracts in this table are verbatim; the paraphrased entries in the earlier version 
of this table have been replaced with the participants’ own wording, and ellipses mark omitted 
material within a quotation. The workshop (W) is given where it was recorded. In one extract, a detail 
that could have identified a participant within the cohort has been generalised; the generalisation is 
marked in the text where it occurs.

Theme Sub-Theme Definition Illustrative Extract

1. Legibility under duress 

Simplicity and clarity

The platform must be operable 
by someone whose cognitive 
resources are depleted; 
interface complexity is read as 
a barrier to help, not a feature.

“I don’t want to have to learn 
how to use an app when I’m 
feeling stressed. It needs to be 
completely intuitive, almost 
invisible” [P16, W3]

Credibility of content

Information quality is treated 
as a precondition of use rather 
than one attribute 
among others.

“Does this content we depend on 
come from professionals or from 
other people in the community 
going through the same problems 
as us? One is reliable and the 
other might be misleading 
information” [P12, W3]
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Table 3. Cont.

Theme Sub-Theme Definition Illustrative Extract

2. Security as a spoken
absolute and an evaluated
shortfall

Data protection as a 
threshold condition

Privacy is articulated as 
non-negotiable and prior to 
any other consideration.

“This is the most sensitive data 
imaginable. There needs to be 
zero doubt that it’s secure; 
otherwise, no one will use it, no 
matter how good the features 
are” [P41]

Trust as something shown, 
not stated

Participants distinguished 
between a platform being 
secure and a platform 
demonstrating that it is secure.

“I am really concerned about my 
identity being out there … who 
sees what after a digital 
verification and is this 
information out there 
permanent? Who has access to it 
and what kind of privacy … can 
we expect after what we share?” 
[P17, W3]

3. Innovation conditional on
therapeutic integrity

Personalisation with 
human oversight

Adaptive features are 
welcomed only where a 
human remains accountable 
for consequential judgements.

“I like the idea of it learning what 
I need, but I’d be worried about a 
computer making therapy 
decisions without a real person 
checking it” [P8]

Gamification as effort and 
as avoidance

Game mechanics are read as 
carrying a cost in attention 
and persistence that a user in 
distress may not have, and as 
risking displacement of the 
problem rather than 
engagement with it. A distinct 
concern that such mechanics 
trivialise therapeutic purpose 
is also recorded.

“That is a playful distraction but 
might also at the same time drain 
me if am already tired and 
worried about other things in my 
life” [P11]; “Would that be a 
good thing or a temporary 
distraction and escape from life 
and reality rather than dealing 
with my problems?” [P37]

An illustration of the coding trajectory may clarify the analytic process. Codes such as 
cannot think straight when stressed, too many steps, and wants it to disappear into the background 
were grouped into the sub-theme simplicity and clarity, which together with credibility of 
content formed the theme legibility under duress. The themes are analytic constructions, not 
groupings of the survey criteria, and they cut across those criteria rather than mapping 
onto them one to one.

4.1. Evaluation of the Prototypes Across the Eleven Criteria
Table 4 reports the distribution of ratings for each criterion. Figure 3 shows the same 

distributions, with individual ratings overlaid so that dispersion and clustering are visible 
rather than summarised.

Ratings differed systematically across the eleven criteria (Friedman 𝜒2(10) = 225.73, 
𝑝 < 0.001, Kendall’s 𝑊 = 0.50, indicating a moderate degree of agreement among participants 
in how they ranked the criteria). Of the 55 pairwise contrasts, 41 remained significant 
after Holm’s correction; the full matrix of contrasts with effect sizes is provided in the 
Supplementary Materials, S2.

Because each group rated the artefact it had itself built, these participant-level tests 
were repeated with the clustering modelled, as set out in Section 3.4.1. Intraclass correla-
tions by criterion range from 0 to 0.31 with a median of 0.09, five of the eleven exceeding 
0.10, which at a group size of five implies a design effect of 1.35 at the median and 2.26 
at the maximum. The omnibus difference across criteria survives when the clustering is 
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absorbed entirely by analysing the nine group-mean profiles (Friedman 𝜒2(10) = 71.29, 
𝑝 < 0.001, Kendall’s 𝑊 = 0.79). Under the mixed model with a random intercept for group, 
40 of the 55 contrasts remain significant after Holm’s correction against 41 at participant 
level: two are lost, usability against content quality and responsiveness against data privacy 
and security, and one is gained, immersiveness against user experience. Under the deliber-
ately conservative cluster-robust treatment reported in the Supplementary Materials, S2, 
24 remain significant. The ordering of the criteria is therefore robust to the clustering; the 
number of pairs that can be distinguished is not. Mixed-model results are reported below, 
with participant-level results given alongside.

Table 4. Distribution of prototype evaluation ratings by criterion (N = 45), ordered by median. 
Several bootstrap intervals for the median are degenerate (usability, accessibility and visual appeal 
8.0–8.0; interactivity 7.0–7.0; data privacy and security 6.0–6.0). This follows from a discrete bounded 
ten-point scale with heavy ties: in every resample, the median falls on the same scale point, so the 
interval collapses to it. These intervals should be read as indicating that the median is stable under 
resampling, not as evidence of precision finer than one scale point.

Criterion Mdn IQR 95% CI Mode Range Mean SD

Content Quality 9 8–10 9.0–10.0 10 6–10 8.89 1.25
Usability 8 7–9 8.0–8.0 8 5–10 7.91 1.06
Accessibility 8 7–8 8.0–8.0 8 5–10 7.87 1.08
Visual Appeal 8 7–9 8.0–8.0 8 6–10 7.84 1.17
Personalisation and Customisation 7 7–8 7.0–8.0 8 6–9 7.29 0.94
Interactivity 7 6–8 7.0–7.0 7 4–9 6.98 1.14
Responsiveness 7 6–7 6.0–7.0 7 4–9 6.69 0.97
User Experience 7 6–7 6.0–7.0 7 5–9 6.67 0.95
Immersiveness 6 5–7 5.0–6.0 6 4–8 5.98 1.14
Data Privacy and Security 6 5–7 6.0–6.0 6 3–8 5.89 1.05
Gamification 5 5–6 5.0–6.0 6 3–7 5.20 0.92

Figure 3. Distribution of participant ratings by design criterion (N = 45). Boxes show the interquartile 
range and median; individual ratings are overlaid with horizontal jitter.
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Two of the ordering claims made in the earlier account of this study are broadly 
supported, and one requires correction. Content quality was the highest-rated criterion, 
significantly higher than nine of the other ten under the mixed model and than all ten 
at participant level; once clustering is modelled, it is not distinguishable from usability. 
Gamification was the lowest-rated criterion, significantly lower than each of the other ten 
under both treatments. Data privacy and security was rated significantly lower than seven 
of the ten remaining criteria under the mixed model and eight at participant level; it is not 
distinguishable from immersiveness under either treatment, nor from responsiveness once 
clustering is modelled; and it was rated significantly higher than gamification, which has 
the lower mean of the two, 5.20 against 5.89. The earlier version of this section stated that 
data privacy and security was rated lower than nine of the ten remaining criteria. That 
was an error. The analysis script reports the number of criteria from which privacy differs, 
and nine is that number, but one of the nine is gamification, where privacy is the higher of 
the pair; rendering differs from as lower than produced a claim that cannot hold. It is accurate 
to describe data privacy and security as among the lowest-rated criteria, and inaccurate to 
describe it either as having been prioritised or as the lowest-rated.

4.2. Security as a Spoken Absolute and an Evaluated Shortfall
The most informative result of this study concerns data privacy and security. It is visible 

only because the two strands were analysed separately and then set against one another.
In the workshops, data protection was among the most frequently and forcefully 

discussed concerns. Participants raised it unprompted, returned to it across sessions, 
and framed it as a threshold condition rather than a desirable feature: “This is the most 
sensitive data imaginable. There needs to be zero doubt that it’s secure; otherwise, no one will use 
it, no matter how good the features are” [P41]. Concern extended beyond encryption to what 
becomes of disclosed information once it has been given: “I am really concerned about my 
identity being out there. Like, who sees what after a digital verification and is this information 
out there permanent? Who has access to it and what kind of privacy about this and our personal 
situations can we expect after what we share? We would be sharing a lot” [P17, W3]. Discussion 
consistently emphasised end-to-end encryption, transparent data-usage policies, and the 
persistence and visibility of what participants would disclose.

Yet when the same participants evaluated the prototype they had built and tested, data 
privacy and security received a median of 6 (IQR 5–7), placing it among the lowest-rated 
criteria: significantly below seven of the other ten under the mixed model and eight at 
participant level, indistinguishable from immersiveness, and above only gamification.

Because the instrument asked participants to evaluate the prototype rather than to rate 
the abstract importance of each criterion, this pattern is not a dissociation between attitude 
and evaluation. It is convergence. Participants who regarded protection as indispensable 
rated their own artefact poorly on precisely that attribute, which is what one would predict, 
and the qualitative material therefore explains the quantitative result rather than standing 
in tension with it. Privacy was salient in what participants said and absent from what 
they made. The earlier version of this section presented the finding as a divergence and 
set it alongside the privacy paradox literature. Under the corrected construct, both moves 
were wrong and both are withdrawn: the privacy paradox concerns the gap between stated 
concern and privacy-protective behaviour, and rating an artefact’s provision is neither a 
statement of concern nor a protective behaviour. What remains is narrower and more useful. 
The requirement a design team discussed most was the one its artefacts served worst.

That reading is sharpened by who the design team was. Each group rated the prototype 
it had itself built, so the criterion these design-literate participants named as a threshold 
condition is the one they did not build into their own artefacts. The omission is theirs, and it 
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was observed rather than reported. That is a stronger result than a discrepancy between 
what a group says and how it judges somebody else’s work, and it is reported here as a 
finding in its own right.

A second explanation of the low rating sits alongside the first, and is arguably the 
stronger of the two: a limit of the medium. A paper prototype cannot demonstrate encryp-
tion, a retention policy or an access-control model, so there was little for participants to rate 
favourably even where the design had considered them. We make the same argument for 
responsiveness and interactivity in Section 5.4, and it applies with greater force to security, 
which is less representable in that medium than either. This does not weaken the design 
lesson but specifies it: a protection that cannot be made perceptible in a low-fidelity artefact 
is also one a user cannot verify in a finished product. Both of these readings, the omission 
and the limit of the medium, lead to the same conclusion about perceptibility, and it is on 
that conclusion that the design implication rests.

One alternative account would undercut it, and cannot be excluded. Three sessions 
in which privacy was repeatedly raised may have made participants more exacting in 
evaluating their own artefact’s treatment of it than they would otherwise have been, so 
that the rating reflects a raised standard of judgement rather than a shortfall in the artefact. 
An earlier version of this passage stated this alternative in terms of the discursive prominence 
of privacy relative to the weight participants individually assigned it; that formulation 
reintroduced the importance construct which Section 3.3.2 disclaims, and it has been restated 
above in terms of the evaluation itself. The design of this study cannot distinguish a raised 
standard of judgement from a genuine shortfall, and we do not claim to.

4.3. Conditional Acceptance of Advanced Features
Participants’ relationship to advanced platform functionality was consistently condi-

tional. Personalisation attracted substantial qualitative support, with participants describing 
tailored content and recommendations as desirable, but that support was routinely qualified 
by a demand for human oversight and a wariness of automated judgement: “I like the idea of 
it learning what I need, but I’d be worried about a computer making therapy decisions without a real 
person checking it” [P8]. In the evaluation data, personalisation and customisation sat in the 
middle of the distribution (median 7, IQR 7–8).

Gamification attracted the clearest negative response in both strands. It received 
the lowest rating of any criterion (median 5, IQR 5–6) and was significantly lower than 
every other criterion after correction. The qualitative material bears directly on this result, 
and it is more specific than the criterion’s low rating alone suggests. Participants did not 
object to game mechanics as undignified so much as doubt that they could afford them. 
The recurring concern was the cost in attention and persistence that such mechanics impose 
on someone already depleted: “Gamification is engaging but not sure how much of this I can 
sustain” [P6]. Closely related was a concern about displacement, that a mechanic designed 
to engage might instead substitute for the problem it was meant to help with (“Would 
that be a good thing or a temporary distraction and escape from life and reality rather than dealing 
with my problems?” [P37]). A countervailing view was expressed, grounding acceptance 
in prior familiarity rather than in design: “I have gamed as a child growing up in [another 
country]. It almost identifies as a culture and way of life that under stress it might be a great way to 
cope” [P8]; the country named by the participant has been generalised, since in a cohort of 
this size and institutional concentration it could have identified them. A distinct concern 
that game mechanics would trivialise the platform’s therapeutic purpose is recorded in 
the earlier account of this study. We retain it as a separate strand because that account is 
contemporaneous, but no extract in the retained transcripts carries that wording, and we 
state that rather than illustrating the strand with material that does not support it. We do 
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not characterise which position predominated. An earlier version of this section stated that 
more participants expressed concern than saw potential; that is a participant count used as 
an index of thematic weight, which Section 3.4.2 states we do not report, and it has been 
withdrawn. The two positions are reported as co-present, and the ordering of the criteria 
is left to the evaluation data, where gamification is unambiguously last. The tension the 
material records is not between engagement and disengagement but between engagement 
and what a user in distress can sustain.

4.4. Factorability of the Eleven Criteria
We had intended to examine whether the eleven criteria reduced to a smaller number 

of underlying dimensions, and the earlier account of this study reported a two-component 
solution with interpretative labels. On formal assessment, the data do not support any 
component-extraction procedure, and that reported solution is withdrawn.

The ratio of cases to variables is 4.1:1, below the 5:1 to 10:1 minima commonly recom-
mended. The Kaiser–Meyer–Olkin measure of sampling adequacy is 0.42 overall, below the 
0.50 threshold at which factoring is conventionally judged unacceptable [52]; ten of the 
eleven individual measures of sampling adequacy also fall below 0.50, ranging from 0.29 to 
0.50. Bartlett’s test of sphericity is non-significant (𝜒2(55) = 54.88, 𝑝 = 0.479), meaning the 
correlation matrix cannot be distinguished from an identity matrix. Horn’s parallel analysis 
retains no components: the first observed eigenvalue is 1.92 against a 95th-percentile simu-
lated value of 2.16 (Figure 4) [53]. Eigenvalues computed from the polychoric matrix, which 
is the appropriate choice for ordinal data, give the same result. Kaiser’s eigenvalue-greater-
than-one rule would retain five components, which at this sample size is a well-documented 
over-extraction artefact rather than a competing result.

Taken together, these checks indicate that participants’ ratings of the eleven criteria were 
close to mutually independent. There is no latent structure here to recover, and consequently 
no basis for describing participants as distributed along dimensions or as falling into 
preference types. The correlation matrices, eigenvalues, parallel-analysis thresholds and, 
for completeness, the rotated loading matrices that would have resulted are provided in 
the Supplementary Materials, S2. We note that those loadings would not have supported 
the labels previously assigned in any case: usability and data privacy, two of the four 
criteria cited as defining the first component, load on neither component above 0.40, and the 
communality of data privacy is 0.04. The withdrawn two-component solution accounted for 
17.45% and 14.52% of variance, 31.97% cumulatively, and under an oblique promax rotation, 
the two components correlated at −0.05, so the oblique solution recovered nothing the 
orthogonal one had missed. A further point tells against the withdrawn labels more directly 
than the loadings alone. The first component was defined by content quality (−0.74), visual 
appeal (−0.68) and gamification (−0.55), with accessibility marginal at −0.43; it was not 
defined by the foundational usability and trust criteria the earlier account named. The labels 
were therefore not merely unsupported at this sample size; they did not describe the solution 
to which they were attached, which makes the negative result the more instructive.

This is a negative result, and we report it because it carries a methodological lesson 
for the workflow itself: a formative sample large enough to generate rich design material 
is not thereby large enough to support latent-variable claims about it, and the temptation 
to extract structure from such data should be resisted at the adequacy-testing stage rather 
than at the interpretation stage.
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Figure 4. Scree plot of the eleven eigenvalues of the Pearson correlation matrix against the 95th-
percentile eigenvalues from Horn’s parallel analysis (5000 permutations). No observed eigenvalue 
exceeds its parallel-analysis threshold, so no component is retained. The dotted line marks Kaiser’s 
criterion (𝜆 = 1), which would retain five components and over-extracts at this sample size.

4.5. Integration of the Two Strands
Table 5 presents the joint display through which the strands were integrated.

Table 5. Joint display: Integration of evaluation ratings and qualitative themes.

Criterion Mdn [IQR] Corresponding 
Qualitative Material Relationship Design Implication

Content Quality 9 [8–10]

Credibility of information treated as 
a precondition of use; concern about 
professional versus community-
generated content and misleading 
information [P12]

Convergence
Invest in editorial and 
clinical quality assurance 
before feature expansion

Usability 8 [7–9]
“Almost invisible” interaction 
demanded for use under 
distress [P16]

Convergence
Optimise for depleted 
cognitive resources, not 
for feature discoverability

Accessibility 8 [7–8] Inclusive design raised as a 
condition of reach Convergence

Treat accessibility 
conformance as scope, 
not enhancement

Visual Appeal 8 [7–9] Immersive design direction 
preferred among the three explored Complementarity

Visual register signals 
seriousness; align it with 
therapeutic tone

Personalisation and 
Customisation 7 [7–8]

Endorsed, but conditional on 
human oversight and 
explicability [P8]

Complementarity

Ship personalisation with 
visible rationale and user 
control; avoid opaque 
adaptation

Interactivity 7 [6–8] No distinct qualitative material 
identified Not evidenced No implication claimed

Responsiveness 7 [6–7] No distinct qualitative material 
identified Not evidenced No implication claimed
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Table 5. Cont.

Criterion Mdn [IQR] Corresponding 
Qualitative Material Relationship Design Implication

User Experience 7 [6–7]
Overlaps with 
legibility-under-duress material 
rather than forming a distinct strand

Complementarity Treat as composite; not 
independently actionable

Immersiveness 6 [5–7]
Interest expressed alongside 
concern about distraction 
from purpose

Complementarity
Use immersion to support 
focus, not to extend 
session time

Data Privacy and Security 6 [5–7]

Among the most forcefully 
discussed concerns; framed as a 
threshold condition [P41]; identity, 
verification and access management 
raised [P17]

Convergence

Make protection 
perceptible at the 
interface; a policy that is 
not shown is not 
experienced as protection

Gamification 5 [5–6]

Interest in game mechanics as an 
engagement device, expressed 
alongside concern about the 
attention and persistence they 
demand and about displacement of 
the underlying problem [P6, P37]

Complementarity
Align any game mechanic 
with a therapeutic goal, 
or omit it

Nine of the eleven criteria show convergence or complementarity between the strands, 
and none shows divergence. Data privacy and security was classified as a divergence in 
the earlier version of this display; under the corrected construct, it is a convergence, for the 
reasons set out in Section 4.2, and it is that convergence which produced the study’s most 
actionable finding. Gamification moves in the opposite direction, from convergence to 
complementarity, because the qualitative material records interest as well as concern and 
therefore does not simply agree with the rating. Two criteria have no distinct qualitative 
material behind them; we record that absence rather than constructing an implication 
without evidence.

5. Discussion
This study set out to develop and evaluate a structured mixed-methods workflow 

for the formative stages of digital mental health platform development. The discussion 
interprets the findings, states them as testable propositions rather than as established 
principles, sets out the methodological contribution, and addresses the study’s limitations, 
which are substantial.

5.1. Interpretation of the Findings
The evaluation data place foundational attributes—content quality, usability, accessi-

bility, and visual appeal—above engagement-oriented ones, and place gamification last by a 
clear and statistically supported margin. Read alongside the workshop material, the pattern 
suggests that for this group of design-literate evaluators, a digital mental health platform 
earns the right to be engaging only after it has become legible and credible.

The data privacy result is the finding with the most direct design consequence. Partici-
pants who spoke about security as an absolute precondition rated it among the weakest 
attributes of the artefacts they had themselves built. The two readings the evidence sup-
ports, an omission in the artefact and a limit of what a paper prototype can demonstrate, 
converge on a single lesson: security which is architecturally present but not perceptible is, 
experientially, not present at all, because trust is produced at the interface through what 
a user can see and verify, and not solely in the data layer. We state that lesson with the 
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confidence the convergence of the two readings warrants, and no more, since the study 
cannot exclude the alternative set out in Section 4.2, namely that three sessions of discussion 
raised the standard against which participants judged their own work. It is a claim about 
how to build, and it is testable.

The conditional acceptance of personalisation points the same way. Participants did 
not reject adaptive functionality; they rejected unaccountable adaptive functionality. The rel-
evant design variable is not how much the system adapts but how visible and contestable 
its adaptation is.

5.2. From Findings to Testable Design Propositions
We state the following as hypotheses arising from the study, to be tested with clinical 

and non-design populations, rather than as principles established by it. The distinction 
matters: these propositions rest on 45 design students evaluating a paper prototype, and that 
evidence base supports conjecture, not prescription.

• Proposition 1: Foundational adequacy precedes engagement. Resource allocated in early-
stage design to usability, content credibility and perceptible security will yield greater 
sustained engagement than equivalent resource allocated to novel features. Test: A 
factorial comparison of development effort against retention in a deployed intervention.

• Proposition 2: Personalisation is accepted in proportion to its explicability and controllabil-
ity. Adaptive features accompanied by visible rationale and user override will be 
accepted where functionally identical opaque features are not. Test: An experimental 
manipulation of explanation and control at constant underlying functionality.

• Proposition 3: Gamification is accepted in proportion to its sustainability under depletion and 
its alignment with therapeutic purpose. Game mechanics that make low demands on 
attention and persistence, and that represent progress through therapeutic content, 
will be received more favourably than achievement or competition mechanics of equiv-
alent intensity, and the difference will be larger among users with a higher symptom 
burden. Test: A comparison of mechanic types on perceived therapeutic credibility, 
on engagement, and on sustained use, stratified by symptom severity.

5.3. Methodological Contribution
The contribution of this study is the workflow set out in Figure 1, together with 

an honest account of its limits. Its value lies in three features. First, it specifies where 
the quantitative instrument comes from: the criteria are generated by participants in the 
first workshop rather than imported from an external scale, which keeps the instrument 
grounded in the design context. Second, it specifies where integration happens: at a single 
explicit joint display, rather than diffusely across a narrative. Third, and demonstrated here 
by negative example, it places a formal factorability check before any structural claim about 
the quantitative data, so that a formative sample is not made to carry inferential weight it 
cannot bear.

We make no claim that this workflow improves on the Person-Based Approach or 
MRC/NIHR guidance; it operates earlier and at lower cost than either, and its output is 
properly an input to them. The intended user is a small design team at the concept stage 
with access to participants for a few sessions and no budget for a discrete choice experiment.

5.4. Limitations
The limitations of this study are consequential and constrain every finding re-

ported above.
The sample. Participants were design, engineering, architecture and ergonomics stu-

dents with no declared lived experience of mental ill-health. They are design-literate 
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formative evaluators, not users or proxies for users. Their judgements about what a person 
in distress would need are informed inferences, not reports. No finding here should be 
read as establishing the needs of people who would use a digital mental health platform, 
and the gender distribution (62.2% male) further limits transferability given documented 
gender differences in mental health help-seeking.

Sequential contamination. The instrument was administered after three sessions of group 
discussion on the same topics, and its criteria were derived from those discussions. The two 
strands are therefore not independent, which weakens the triangulation logic that would 
otherwise justify integration, and provides a plausible alternative account of the central 
finding, as set out in Section 4.2. In a future application of this workflow, administering the 
instrument before the final discussion, or to a non-overlapping group, would substantially 
strengthen it.

The instrument. The instrument was purpose-built and not psychometrically validated, 
and the original item file was not retained. The construct it measured is stated on the 
first author’s account and corroborated by the contemporaneous preprint, but cannot 
be independently verified. This is a documentation failure and a real limitation on the 
reproducibility of the quantitative strand.

Absence of trade-off. Participants rated each criterion independently, which imposes no 
trade-off and produces the expected compression towards the upper part of the scale: ten 
of eleven criteria have a median of 6 or above. Ratings obtained this way indicate relative 
standing but do not establish priorities in the sense required for resource allocation. Methods 
that force trade-offs—best–worst scaling, discrete choice experiments, pairwise comparison, 
and point-budget allocation—are the appropriate instruments for that purpose [36,37], and we 
have accordingly tempered the language of prioritisation throughout.

No latent structure. As reported in Section 4.4, the data do not support dimension 
reduction, and no claim about underlying constructs or user types is made.

Documentation practice. Three classes of material from this study cannot now be pro-
duced: the instrument file, the participant-made paper prototypes, and the first author’s 
own high-fidelity design file, which is held in an institutional account to which he no longer 
has access. These are separate failures with separate causes, but their number is itself 
informative. The study was conducted without a data-management plan, and instituting 
one is the single change most likely to improve a future application of this workflow. What 
does survive is what the reported findings rest on: the rating matrix and the complete 
analysis code, deposited in full in the Supplementary Materials, S2, and the workshop 
transcripts and field notes, which are retained.

Single coder. Coding and theme development were conducted by one researcher who 
was also a workshop facilitator. This is methodologically consistent with Reflexive Thematic 
Analysis and was mitigated by reflexive journalling and member checking, but it remains a 
single interpretative perspective.

Elapsed time. Data were collected in June 2023. Attitudes towards AI-driven personali-
sation in particular have developed considerably since, and the ratings for personalisation 
and related criteria should be read with that interval in mind.

Prototype fidelity. Participants evaluated low-fidelity paper prototypes, not working 
software. Criteria such as responsiveness and interactivity are only partially assessable in 
that medium, which may account for their undifferentiated mid-scale ratings, and data 
privacy and security is less assessable still, as discussed in Section 4.2.

Clustered ratings and self-evaluation. Each group rated the artefact it had itself built, so 
the ratings are clustered within nine prototypes and participants were evaluating their own 
work. The clustering is modelled in Section 4.1 and the substantive ordering is robust to 
it, but nine clusters is a small number: the mixed model is fitted to few groups, cluster-
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robust inference is unreliable at this scale, and the number of distinguishable pairs varies 
appreciably with the treatment chosen. Self-evaluation is the more consequential of the two. 
Ratings of one’s own artefact are not independent of the investment made in producing 
it, and the direction of any resulting bias is not predictable: a group may rate its own 
work generously, or may be more exacting about it than an outsider would be. A future 
application of this workflow should have groups evaluate artefacts other than their own, 
which would remove both problems at once.

5.5. Directions for Future Research
The immediate priority is to repeat the workflow with people who have lived experience 

of mental ill-health, and to test the three propositions above in that population. A second 
priority is instrument development: the eleven criteria would benefit from formal item devel-
opment and, at an adequate sample size, a trade-off-based elicitation method. A third is lon-
gitudinal work, examining how evaluations of a deployed platform change with sustained 
use, and whether perceptible security measures affect retention as Proposition 1 predicts.

6. Conclusions
This study presented a structured mixed-methods workflow for the formative develop-

ment of digital mental health platforms and applied it to the development of the AMGR-I 
prototype with 45 design-literate formative evaluators. The workflow combines participa-
tory co-design with a complementary quantitative evaluation whose criteria are generated 
by participants themselves, and integrates the two through an explicit joint display.

Applied here, it produced one substantive finding and one methodological one. Sub-
stantively, participants evaluated their prototypes most favourably on content quality, usabil-
ity and accessibility and least favourably on gamification, while data privacy and security—
the concern they voiced most forcefully in discussion—was among the attributes they rated 
lowest in the artefacts they had themselves built. The readings the evidence supports 
converge on the lesson that protection which is not made perceptible is not experienced 
as protection, although the study cannot exclude the alternative that sustained discussion 
raised the standard against which participants judged their own work. Methodologically, 
the formal factorability check built into the workflow established that a sample of this size 
cannot support claims about latent structure, and prevented an unsupportable interpretation 
from being carried forward.

The design propositions offered here are conjectures for testing, not established princi-
ples, and the evidence supporting them comes from students evaluating a paper prototype 
rather than from people using a mental health intervention. What the paper offers practi-
tioners is a procedure that is cheap enough to run at the concept stage, explicit about where 
its two strands meet, and candid about the inferences it cannot support. 
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