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1. eBRAIN-Health

The Project eBRAIN-Health will deliver a distributed research platform for modeling and simulating
complex neurobiological phenomena of human brain function and dysfunction in a data protection
compliant environment. It will provide thousands of multilevel virtual brains from patients and healthy
human controls for research and innovation. Brain data from multiple sources will be pre-processed.
Solving the societal grand challenge of dementia is a big task. Yet it appears feasible in a collective
approach. Therefore, we will build an interdisciplinary digital twin for dementia for modeling and
simulating complex phenomena at the service of research infrastructure communities. eBRAIN-Health-
Cloud will offer end-to-end services for personalized complex brain modeling and simulations in
distributed e-infrastructures with data protection by design and by default and simulation-ready
human multiscale brain data that range from molecular (genomics, proteomics, metabolomics) and
cellular to electrophysiology and imaging to behavioural, clinical, life-style and environmental data as
well as data from wearables. Brain data are pre-processed and annotated such that they all relate to a
common reference 3D brain space.

eBRAIN-Health-Cloud constitutes a blend of three large-scale research programs: the FET Flagship
Human Brain Project with its EBRAINS Research Infrastructure, the EOSC project Virtual Brain Cloud
with its Virtual Research Environment for sensitive data and the H2020 project AI-MIND with intelligent
tools for dementia risk estimation. The project will have synergies to topics of the Digital Europe
Program, such as artificial intelligence, cybersecurity and supercomputing and the Health Data Space.

eBRAIN-Health-Cloud offers a next generation clinical research infrastructure and creates an open yet
protected space for groundbreaking digital health innovation by the research infrastructure
communities comprising academia and the private sector.

2. eBRAIN-Health consortium

e CHARITE — Universitaetsmedizin Berlin, Germany

e EBRAINS, Belgium

e Forschungszentrum Juelich GmbH, Germany

e Stichting Radboud Universiteit, Netherlands

e Universidad Pompeu Fabra, Spain

e OSLO Universitetssykehus, Norway

tp21 GMBH, Germany

Fraunhofer Gesellschaft zur Foerderung der Angewandten Forschung eV, Germany
INDOC RESEARCH EUROPE gGmbH, Germany

Universitaet Wien, Austria

e Universidad Complutense de Madrid, Spain

e EODYNE Systems SL, Spain

e ATHENA — Research and Innovation Center, Greece

e University of Oslo, Norway

e Universita degli Studi di Roma la Sapienza, Italy

e Alzheimer Europe, Luxembourg

e Institute National de Recherche en Informatique et Automatique, France
e Centre Hospitalier Universitaire Vaudois, Switzerland

e The University of St Andrews, United Kingdom

e Eidgenossische Technische Hochschule Zirich, Switzerland

Find the partners on our website
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3. Background

Advanced technologies, such as those proposed by eBRAIN-Health consortia, hold significant promise
in improving care via personalization and increased workflow efficiencies.! However, they
simultaneously pose risks and could have, without adequate consideration, investigation and due
diligence, significant negative social and ethical impacts. Core domains associated with ethical and
social risks are: privacy and data security, algorithmic biases, transparency and explainability (black
box processes), trust, accountability, accessibility and equity.? Both the ethical and social implications
of artificial intelligence (Al) integration within healthcare have been robustly explored via systematic
reviews of the literature.>® In summary these reviews highlight the extent of ethical and social issues
associated with the development and implementation of Al approaches in healthcare, and the

disconnect that is being observed as we move from the abstract to the concrete.

3.1. Summary of ethical implications

Ethical issues are described in full in Deliverable 2.6 - Final Legal and Ethical Framework. In summary a
scoping review and multiple public involvement (PI) consultations were undertaken to inform the
project of the breadth of potential ethical and social issues associated with one of the key technologies
being developed as part of eBRAIN-Health (Digital Twins). Key ethical tenets were identified to support
the project moving forward: 1) promote open and transparent communication, 2) guarantee robust
data privacy and protection, 3) consciously approach bias and discrimination, each was associated with

a range of guiding principles. An overview is provided in Table 1.

Adopt open science practices as set out here https://www.openaire.eu/

Ensure nuanced and transparent terminology and public communication.

Promote open and - - —
Commit to continued communication and updates.

transparent - - —
Employ respectful and inclusive communication.

communication
Engage with media appropriately and responsibly.

Build-in regular stakeholder and public involvement activities.

Strive to share understandable, clear and accessible information during

Guarantee robust informed consent processes.
data privacy Promote trust in data sharing through public communication.
and protection Produce and regularly update transparent communication on data use.

Commit to continuous ethical review.

. Ensure diverse and representative data underpins models and algorithms.
Consciously

approach bias ) ] o
risk of bias within datasets.
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and Employ or engage with diverse communities during eBRAIN-Health technology

discrimination development and evaluations.

Table 1: Matrix of ethical tenets and high-level guiding principles

The matrix of tenets and guiding principles were assessed against two expert consensus driven
overarching frameworks to guide ethical practice in Al: the FUTURE-AI (Fairness, Universality,
Traceability, Usability, Robustness, and Explainability) framework,® and the ALTAI (Assessment List for
Trustworthy Artificial Intelligence) self-assessment checklist.” The eBRAIN-Health principles hold up
well against these global frameworks, and the principles map to the broader domains summarised in
both. However it was recommended that eBRAIN-Health collaborators draw flexibly across multiple
frameworks, as each has nuances and specific strengths that might more holistically augment or

support eBRAIN-Health sub-objectives.

4., Partners involved

Alzheimer Europe (AE)

5. Generating an initial interpretive summary of the social and ethical
acceptability of Digital Twins in dementia

In this report, we leverage existing data from the scoping review and notes from eBRAIN-Health
specific Pl activities to provide an interpretive summary of the ethical and social implications of one of
the eBRAIN-Health technology interventions (Digital Twins) for the patient with pre-clinical, prodromal
or established Alzheimer’s disease (AD). Sekhon’s Theoretical Framework of Acceptability (TFA),% a
seven-construct model that can help researchers evaluate the extent to which people receiving an
intervention consider it to be appropriate, has been employed to summarize the implications, and thus

acceptability of advanced technologies, from the end user perspective.

The TFA comprises seven constructs: 1) Affective attitude (how and individual feels about an
intervention), 2) Burden (the perceived amount of effort required to participate in an intervention), 3)
Ethicality (the extent to which an intervention fits with an individual’s value system), 4) Intervention
coherence (extent of understanding of an intervention and it effects), 5) Opportunity costs (the
benefits, profits or values that must be given up to engage in an intervention), 6) Perceived
effectiveness (the extent to which an intervention is perceived to achieve its purpose), 7) Self-efficacy
(the participants confidence that they can perform the behaviour required via participation).2 The
following describes ethical issues, framed within the TFA, related to the actual or theoretical use of

Digital Twins and similar technologies, within the sphere of AD.

5.1. Affective attitude
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Amongst people with dementia or cognitive impairment, there is great optimism about the potential
of Digital Twins and similar technologies to deliver advancements in healthcare. Examples presented
included enhanced risk prediction, pre-emptive pharmacological precision assessment, or adverse
event modelling. It was felt that the Digital Twin could integrate research with clinical practice, helping
manage vast volumes of data but in a personal and clinically relevant manner. Contributors described
the concept of Digital Twins as “more positives than negatives”, “a dream of the future” and “more

data means more information”. In the context of dementia, there was concern that well-established

factors like stigma and discrimination would affect wider attitudes or acceptance to Digital Twins.

o Offer the opportunity for better, personalised healthcare.
e  Might not resonate with people with dementia due to stigma and

discrimination.

5.2. Burden

Conceptual complexity and associated information and consent complexity were identified as
potential sources of burden that could affect informed consent but also clinical practice. Motivated
individuals may not perceive any issues in this respect; however, the burden could lead to superficial
engagement and agreement to pursue a Digital Twin without being fully informed. A significant burden
was perceived for the clinician in terms of training and translating complex data about accuracy and

potential risks.

e Potentially introduce a high burden for patients in terms of health and digital
literacy.

e Risk eliciting superficial understanding and non-informed response to health
and digital literacy requirements.

e Potentially carry a high burden for clinicians and clinical practice at

implementation.

5.3. Ethicality

The benefits that Digital Twins could bring had to be balanced against ethical concerns about
personhood, informational and algorithmic biases, accountability and liability, data privacy and
protection, right to redress, and the potential to exacerbate inequalities. For people with dementia,

data privacy and protection were the most significant concerns. However, reflecting on the PI
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meetings, this may be due to familiarity with these concepts, whilst others remain abstract concepts

that are more difficult to grasp and discuss in a tangible manner.

e Hold potential for unethical systems in terms of development and application.

5.4. Intervention coherence

Similar to burden, conceptual complexity affects intervention coherence (understanding of Digital
Twins and their effects). To enhance intervention coherence, people with dementia recommend that:
complex terminology should be avoided, visual communication methods should be employed and
contextualization should be attempted via reference to less abstract examples. Meaningful data
explanations and demonstrations may be required to help people understand the scope of Digital
Twins and what they can and cannot deliver. Good understanding was linked to trust by Pl contributors
- if people do not understand the concept and physical processes, they are unlikely to trust it.

III

Contributors discussed the importance of communicating information that was “neutral” or “honest”

to avoid fear or false hopes.

e Have the potential to be too complex, prohibiting understanding.

e Could be difficult to accurately communicate and requires a mindful
approach.

e Might be better understood, if neutral but honest explanations are

communicated.

5.5. Opportunity costs

One of the main areas perceived as being affected by digitization overall was the loss of human contact
and face to face clinical interpretation or feedback. Secondary concerns were cited about
simplification, whereby a person was equated with their digital model and not holistically considered
or assessed. The potential upfront development and implementation costs of Digital Twins and
associated training needs would be potentially high, impacting other services. Further there was

concern of entrenching or exacerbating existing inequalities.
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e Might reduce human contact in the clinical setting.
e May lead to decreased focus on the person and holistic care.
e Could be associated with upfront costs that lead to redistribution of

investment in current services with potentially negative impacts.

5.6. Perceived effectiveness

Digital Twins were perceived as potentially very effective in achieving precision medicine objectives —
“l can get better medical care and medical information for me”. However, in the absence of real
examples, there is concern of misleading representations of Digital Twins and members expressed
“worry about the science fiction notion”. It is important to note that all comments obtained from PI

contributors relate to theoretical effectiveness.

e Offer a promising way of realising precision or personalised medicine.

e May be subject to media misrepresentation of benefits and weaknesses.

5.7. Self-efficacy

The literature on Digital Twins determines that they will enhance self-efficacy by providing
personalised and integrated information on targets for action. By streamlining data integration, Digital
Twins might be able to illuminate the best pathway for individual behaviour change. However, as
Digital Twins have not been realized in clinical practice, it is not possible to determine from PI
contributions whether people with dementia or related cognitive impairments will have the capability

to work with clinicians to utilize any information generated by models.

e Offer potential to enhance self-efficacy in relation to clinician decision making
and behaviour change.
e Have to be tested to determine if people will understand and be able to

interact or implement information generated.

5.8. Section summary

Overall, this summary highlights that Digital Twins and similar technologies have acceptability in some
of the domains identified within the TFA. However, this was frequently theoretical and subject to

confirming or demonstrating certain criteria. Intervention coherence, the extent of understanding of
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an intervention and its effects, was one area where Pl feedback was particularly prolific. As a result, it
would be logical to prioritize this going forward. Further, this priority aligns with the areas identified
as most amenable to Pl input in the ethical framework, as it can be pre-emptively addressed (i.e. there
is no requirement to wait for the real-world development and implementation of Digital Twins to
generate meaningful Pl input). A recent review of public involvement approaches that have explored
Al use in healthcare, has reported that limited prior knowledge and understanding around Al, has
severely restricted engagement efforts.’ The review concluded that innovative methods are needed
to facilitate deep and meaningful involvement, and it is necessary to frame the publics role as active

arbitrators of knowledge and not simply passive recipients of eventual technologies.®

Continuing in this line of reasoning, it may be valuable for eBRAIN-Health technology developers to
hold regular meetings with public involvement contributors, to demonstrate their platforms and to
explore the explainability and understandability of the system and their descriptions of the processes
and implications. Pre-emptive consideration would ensure upfront development of information and
generation of contemporary insights that can be consecutively addressed, rather than pursuing post-
hoc views that are then more difficult to integrate into an established technological landscape or

framework that has already been developed and/or deployed.

6. Secondary analysis of longitudinal public involvement feedback on
advanced technologies in dementia

The eBRAIN-Health project incorporates a broad range of advanced technologies, not limited to Digital
Twins. Thus, it is important to consider the ethical and social implications of a range of state-of-the-art
technological developments. To achieve this, we have drawn upon Alzheimer Europe’s extensive
archive of Pl consultations and publications. In this secondary analysis, notes summarizing Pl feedback
from five large-scale technology-oriented research projects within the AD field were collated (E-
BRAINS-Health, Lethe [https://www.lethe-project.eu/], PREDICTOM [https://www.predictom.eu /],
RADAR-AD,X® Al-Mind®). This was supplemented by a report generated by Alzheimer Europe’s
European Working Group of People with Dementia (EWGPWD) and the European Dementia Carers
Working Group (EDCWG), who joined forces in 2025 to explore the ethical, social and practical
implications of the use of technology by and for people with dementia.? These latter projects had
substantially different objectives, however they all touched on or explored technologies and advanced
technologies to varying degrees. Thus, there was an opportunity to explore in-depth, the potential
social and ethical impacts from a public contributor perspective, and to articulate technology related

needs or solutions.

public document B vnen 9/28



S BJE eBRAIN-Health

The feedback notes and project reports were collated in the platform, NVivo, and rearranged using
methods aligned to qualitative description.’®> Feedback was elicited from a range of contributors
including people with ‘normal’ cognition, MCI, AD and related dementias (ADRD) and clinicians with
varying degrees of involvement in dementia care. Qualitative description supports the comprehensive
summarization of events, in this case multiple Pl consultations, in the “everyday terms of those
events”.®* A qualitative descriptive approach is straightforward, content based, and uses logical re-
presentation techniques. Thus it is an optimal approach which can guide the summarization of public
involvement feedback as it recommends sticking close to the surface of the words, providing straight
descriptions. In this overview, major topics were identified within the feedback elicited across the PI
consultations, and grouped according to these topics. The objective was to generate global messages
that might be useful for the wider eBRAINS-Health consortium, who are exploring and creating various
technologies and tools that aim to advance our understanding of AD (i.e. not only Digital Twins).
Therefore, we actively tried to draw together content under wide-ranging or overarching domains,
that encompassed the breadth of perspectives collated (person, supporter, clinician, clinical service).
This umbrella style conceptualization of key considerations is theoretically easier for users to engage,

as opposed to long lists of recommendations.

6.1. Fit

Technologies in development, validation or evaluation phases, whether a physical device or digital tool
(for example predictive algorithms or Apps), should as a core part of the process consider the concept
of “fit’. This mean how it will be valued, used, integrated, and possibly transferred within daily life by
the various active players. Each group will have different priorities and preferences, and fit will be
shaped by the judgements they make in relation to the latter. For example, clinicians may consider a
dementia risk prediction algorithm that can be easily implemented and which will complement existing
clinical practice, to be a useful addition to their practice. However, a patient may not assign the same
value as it does not fit with their conceptualization of usability i.e. a risk score in the absence of disease
management therapies or accessible support structures, might not carry the same relevancy or
usability adjudication. Personalization or localization, that operationalised these priorities and

preferences, were regarded as the key methodology through which to support fit across all parties.

Physical ‘fit’ was also important of worn or observable devices was also important. In this context, fit
extended to comfort, attractiveness and normalcy. Given that a diagnosis of dementia can be
stigmatizing and result in discrimination, it is important that physical devices, particularly observable
ones, do not unintentionally disclose a diagnosis or mark someone out as being vulnerable or different

in some way. Lastly, support provided should fit the needs of the population, this may include technical
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assistance, education and training, and moral support. Peer support from other users was highlighted
as one potential supportive network that would fit with the priorities of people with ADRD, as it
balanced technology with human contact and connectivity. Caregivers voiced that they may need
moral support or ethico-legal guidance when decision making capacity transitioned to a more

relational autonomy model.

6.2. Burden

Burdensome technologies or onerous processes associated with explaining, understanding, initiating
or routinely using technologies (such as navigating information materials about consent or data use,
consent procedures themselves or frequent updates or installs), were perceived to be unappealing.
Time was a particularly salient factor in burden, in terms of time ceded from routine activities to use
technologies, and in terms of length of time spent at enhanced cognitive intensity or effort
(concentration, frequency, stress, mandated work “policing”, and rigidity of use). Overly time or
cognitive energy demanding technologies were regarded as impractical and unmotivating, with likely
knock-on effects on adherence (non-use or limited engagement). Similarly narrow technologies,
described as technologies which could not interact synergistically with other technologies already
being used, were perceived as potentially burdensome, as they did not synchronize with people’s lives,
routines or complement existing clinical practices and services (i.e. they lacked ‘fit’). These burden

related considerations were fairly universal across the spectrum from individual to clinical service level.

There were some burden related concerns that might be bespoke to the field of technologies designed
specifically to support people with MCl or ADRD. People with cognitive impairment were concerned
about transferring burden to caregivers through lack of digital capability and cognitive capacity to
understand the implications of complex technologies. Clinicians were concerned about the
explainability of technologies and expressed concerns about their own understanding and the
understanding of potential patients, particularly if cognitive impairment was present. Caregivers
perceived potential burden through protecting their loved-one from potential harm or risks to
autonomy and safety that were associated with technology agreements (data handling and third-party
processing), functioning (for example camera-based equipment that records), or in response to

changes in disease status and cognition.

6.3. Adaptability

Well established barriers to technology adoption or engagement were regularly highlighted within PI
consultations. For example digital literacy, educational level, language and socioeconomic barriers

such as access to technological devices or tools, infrastructure to support their functioning (stable
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internet connections), and financial barriers associated with buying and maintaining hardware and
software. Contributors voiced that all new technologies and associated processes (information,
consent, implementation, evaluation) should have adaptability properties, such that they diminish the
impact of known barriers or render them obsolete. Language and education level were particularly
relevant to the research context, where there was often a tendency to pursue English language
versions of technologies which were accompanied by complex explanations and informed consent
processes. Sliding scales of information provision and device or tool functionality might be needed to
adapt to such diversity in needs and preferences for information, level of understanding and
engagement. For example, some people with lived experience voiced a preference to trust that
relevant parties had undertaken due diligence, as opposed to confirming this themselves through

collecting and reviewing information.

In the context of dementia, there is a potential need to consider disease specific adaptability
characteristics. The first characteristic was a preference for interfaces that were intuitive and
interactive, thus making them adaptable to the person’s needs and capabilities. Intuitive technologies
were perceived as being easier to use, whilst interactive related features were described as more
friendly or cognizant of preferences regarding humanness. Devices or tools with these adaptability
characteristics were perceived to relate better to contributors’ day to day lives (routinization) and
contexts, further, the were considered to be more engaging and motivating in the long term. A second
characteristic was described as a future proofing feature, this encompassed developing technological
innovations that can accommodate evolution of cognitive status and symptoms, and the transfer of
decision-making capacity. In some cases, this might mean transferring responsibility for engagement

with a technology to a spouse or care giver.

A parallel concern, that required a different approach or perspective to adaptability, was overuse,
over-reliance or dependence. A large part of work that is undertaken around technologies, is designed
to enhance usability and engagement. However, there was a strong belief, particularly amongst those
with lived experience of ADRD, that equal attention should be placed on guard rails or guarantees that
enshrine or protect human thought, reflection, skills and connectedness. Therefore technologies
should not be perceived or designed to be replacements for human activity, as this could result in
detrimental effects, such as exacerbating loneliness, isolation and loss of agency or clinical skill. It was
suggested that technologies should incorporate features that enable it to perceive and adapt to over
reliance and dependance. Examples suggested included having back-up ‘low technology’ features,
warnings or alerts to concerning use and/or other consciousness raising or reflective triggers. This issue

featured less in clinician discussions, although they did concur on the importance of human clinical

public document B vnen 12/28



S BJE eBRAIN-Health

assessment skills and the need for reflective clinical practice to identify and rectify inappropriate

applications.

6.4. Feedback

Some technologies, for example wearable devices, have built in instantaneous or cumulative “result”
feedback capabilities. For people with ADRD, there were multiple potential implications from engaging
with technologies that have this capability. Feedback was considered to be motivating and engaging;
however the content and context were important. Returning risk related results or neurocognitive test
scores outside of the clinical setting, could be contentious. Contributors (those with lived experience
and clinicians) maintained that healthcare professionals apply clinical reasoning and draw upon their
holistic nous before they disclose results. Further they can contextualize or share visual information
(like images from scans), making it accessible and understandable. Lastly, healthcare practitioners
often augment disclosure with resource (management or referral). Technology based tests and
feedback that operate outside of this context do not necessarily benefit from this additional layer of
scrutiny and supportive scaffolding, which might increase the risk of adverse psychological reactions
such as anxiety, futility or over confidence. In this context, care was advised around interpretability

and signposting, and explicit disclaimers about the limitations of the feedback were recommended.

On balance however, there was appetite for feedback and an appreciation that more information can
enhance self-efficacy. Some recommendations or generic suggestions were put forward to optimise
feedback from technological sources, these included: being positive, providing specific, personalised
and actionable information, building in options to have more or less feedback according to
preferences, using tracking type feedback to monitor progress or decline, and ensuring infrastructure

or resource is in place to support recommendations provided.

6.5. Transparency

Transparency was discussed at four levels: 1) at the data management level; 2) the ‘behind-the-scenes’
operations level; 3) the validity and accountability level; 4) and in terms of maintaining, modifying or
ceasing technology use. Safe and secure data management by technologies was of paramount
importance, and people with lived experience voiced concerns about the transparency of data
collection and sharing processes, particularly when it came to sensitive data. There was an expectation
for ethical practice, safeguarding procedures and robust regulation, that would protect against misuse

and guarantee privacy, confidentiality and dignity.
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Contributors expressed varying appetites for transparency in relation to understand data handling, the
processes that were happening behind technological platforms and in reviewing and confirming the
validity and accountability of technologies (see also fit section). All were perceived by people with lived
experience and clinicians as being complex and inter-individual. Contributors were aware of and could
recount limitations around some technologies, for example Al based dementia risk prediction
algorithms, and they talked about transparency in data management, in describing decision algorithms
and in discussing and communicating all potential implications. However, they concurrently discussed
the need or desire to trust that developers, manufacturers and marketers (used here in the broadest
sense), had considered their responsibility to validate technologies and data handling procedures,
therefore they somehow satisfied an (undefined) acceptability threshold. Consequently, there was less
of an obligation to confirm these were satisfactory at the individual patient or clinician level. Vetting
or endorsement of technologies by ‘trusted authorities’ (respected bodies or committees) was seen as

beneficial and a potential way to fulfill due diligence expectations.

A last point of concern surrounding transparency of technologies related to maintaining, modifying or
stopping use. People with lived experience highlighted the stagnant or short-lived nature of some
technological innovations, like websites, that were active for a period of time then left to idle or
disappear. Transparency on what would happen at the end of engagement was desirable, in the

research context this extended to ongoing advice, support or feedback.

6.6. Section summary

In summary, feedback from a range of Pl contributors could be organised under five main topics: fit,
burden, adaptability, feedback and transparency (Figure 1). The eBRAIN-Health collaborators could use
these condensed and accessible topics, as a way to inform the conceptualization, planning,

development, evaluation and implementation of new technologies.
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Figure 1: Summary of cumulative public involvement feedback

Some technological considerations appear to be specific to ADRD and should potentially be borne in

mind within the above framework. These are the need to:

e Avoid inadvertent disclosure of a stigmatizing disease

e Consider moral and ethico-legal support in response to changes in decision-making capacity
e Contemplate cognitive demand and evolution of cognitive status and capacity

e Foregrounded human processes and connectivity

e Balance the burden between informing and overwhelming

The five-point conceptual model provides eBRAIN-Health collaborators with a starting point from
which they can build, interrogate or evaluate technologies and supportive infrastructure such as data
protection and date use guidance. The model is grounded in the public perspective; therefore, it offers

a unique perspective that aligns with the end user.

7. Feedback from a Public Involvement consultation exploring
understandability and explainability

In section 3, we identified that intervention coherence, the extent of understanding of an intervention
and its effects, was one area where Pl feedback was particularly prolific. Indeed, for Pl contributors,
coherence was lacking as technological complexity prohibited understanding at baseline and it was
compounded by communication related complexity. Familiarity with the data subjectively indicated

that understandability was a consistent theme that underpinned many of the downstream ethical and
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social implications. However, as this was a subjective judgement, we used a large language model

(ChatGPT 4.0) to verify this interpretation.

We prompted ChatGPT to identify language clusters and to summarise frequency counts of
occurrences of key linguistic terms that also resonated at the subjective level (understandability,
transparency, governance, privacy, equality, burden, acceptability, feedback). The model identified an
understanding / comprehension cluster that included the related terms of understanding, coherence,
interpretability, literacy, clarity, accessible, and complexity as a core thread within the report. The total
combined cluster occurrences (case-insensitive, counting close variants where relevant) totaled n=49,
see Figure 2. This underscores the importance of explainability and understandability within ethical
and social contexts. Thus, there is a strong practical and developmental rationale to focus on creating
an ethically grounded, lived experience attuned checklist that eBRAIN-Health collaborators can use to
ensure they are supporting understandability of technology within a range of contexts. This checklist

would complement the guiding principles and actions described as part of Deliverable 2.6.

Section 1-2 (Background & Ethics)
Understanding-related terms: | IEEE

Section 3 (Digital Twins & TFA analysis)

Understanding-related terms: _

Section 4 (Public Involvement Feedback Analysis)
Understanding-related terms:

Section 5 (Implications / Closing)..

Understanding-related terms: - (3)

Figure 2: ChatGPT language frequency counts per section

7.1. Description and summary of consultation on understandability

Pre-reading material was sent out to the advisory group ahead of the meeting (Annexe 1). Three
members with lived experience, who were part of the established advisory board, were able to attend
the online meeting. During the consultation, the members were asked to consider the questions
presented in Annexe 1, and to reflect upon personal experiences that might help them to articulate,
compare and contrast good versus bad experiences of ‘understanding’. The consultation was recorded
in the platform Zoom, and transcribed verbatim using an artificial intelligence software (Fireflies.ai).
The automated transcript was manually checked against the recording for accuracy, before the cleaned

and verified transcript was imported into the platform NVivo.
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Within NVivo, sections of the transcript were reordered in line with qualitative descriptive methods
which recommends re-presentation of the information in a straightforward way (i.e. not overly
interpreted), that best fits the data. In this case, the data was optimally organised according to
communications principles (source, message, recipient). This concept was suggested by the one of the
advisory board members, and the other advisory board members agreed that understanding is
generated through synergy and interaction between these three active components: the source
(person communication or explaining information); the message and context (the information being
communicated in a specific context to aid understanding); the recipient (the person receiving the
information). The information shared in the consultation has been reordered according to these

principles, and the implications have been summarised.

7.2.  More than just content —the source as key mediator of understanding

People with lived experience recounted good and bad clinical care and life experiences that helped
them unpick what had led to a good understanding or the converse. The person explaining something
complex that needs to be understood, or transmitting information which informs decision making (i.e
informed consent), must do more than simply convey the message. For the advisory board members
it was important that this was done coherently, with empathy and with patience. Bad experiences
were related whereby information was shared in a rushed way, inaccessible terminology was used, or
the level of engagement was lower than anticipated. Trust was a key relationship component that
helped in understanding, which was built either through prior relationships, or via the way information
was delivered (clear, accessible, confidently, recursively and transparently), and/or how the reception

of the information was observed and verified.

“And he just took his time. | felt as though he...I felt as though he wasn't being
rushed in any way at all. He was being patient and just explained it to me completely
clearly. He wasn't trying to gain points by making himself look like a clever doctor,
which some of the people do, because | went to another doctor at the beginning of
the week for my chest and I'm walking through the door and | get the feeling that
I'm, you know, she's doing me a favour to actually see me. | didn't feel particularly
welcome, you know, eye contact, not much, you know, and then starts looking a bit

dismissively at this and that and not explaining stuff to me.”

“For me, a very nice experience when | try to receive information from a doctor, is

trust, the fact of being a trusted person for me. How do you build trust? Maybe that
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the doctor, you know, the doctor from time ago, you know about he or she is
brilliant, has received a lot of prizes...But it's not only the reputation of the doctor
and your personal relationship, but also his or her capability to express in plain
words, without technicalities, without acronyms, with real life example, what he or

she is talking about to you. And building trust is the key.”

“I personally try not to be overwhelmed. | stopped the person. | try to reorientate
the conversation... But the person has to try to look around and find other ways to

not to be overwhelmed.”

“Whereas the whole idea of what we're trying to make, of trying to put together is
to make sure that people retain interest, okay? So therefore we have to make sure
that we don't put people off by putting our level of explanation at a level that's too

technical for them or for other people. It's not technical enough.”

“And | think that an interaction is very important just to listen the other one and to
be worried about what is important for him. And it's very important also to verify
that he's understanding you. As far as you are talking, all the areas you want to
explain or you want to talk about. Other important for me is the accessibility. You
must use the channel, images, readings, maybe using recordings. Yes, you must

adapt to the cognitive situation of the people you are talking to.”

“Yes, | agree what [fellow board member] has said about interactivity. The only way
to check that something has been really understood, is interacting. So the person
who is sending the messages has to be calm, has to devote time enough to deliver
the message. You cannot be in a hurry, you cannot be stressed to finish sending the
information. You have to reserve time enough in order to perform the
communication and to listen the other person. And the only way to listen and to

check, is asking.”

“But | just think that when it comes down to the communication aspect, you know,
I'm not going to tell you this until I've asked you a few questions and you've

answered them correctly. That doesn't sit well with me.”

7.3. No nonsense messaging

The legal and ethical framework presented Pl grounded actions to guide communications. Many of the
understandability concepts described in the present consultation, echoed the actions or

recommendations outlined in the latter framework. There is a strong desire that the message being
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communicated is simple, unambiguous, concise and tailored to the recipient. From the advisory board
perspective, these characteristics can be achieved in a number of ways: simplicity is contingent upon
the use of plain or every day, non-technical language; ambiguity is avoided by checking the message is
universally interpreted the same way; conciseness can be achieved by using a step-wise or progressive
approach (like a recipe book); and tailoring by taking into account education, experience and physical
and cognitive reserve. The physical characteristics of the message were also important in achieving a
‘no nonsense approach’, with some indicating a preference for information presented in large font,

with colours and sections employed to aid procedural navigation.

“Clear communication from the [onset], on one page, no threatening language,
nothing difficult. Understand every single step. If you don't understand it, people

won't get to the bottom of it. You know, it's as simple as that.”

“As concise as possible, without any incoherence, taking into account the receiver’s
previous education, experience, his or her physical and cognitive state to receive

the message.”

“And the other thing with an app is you've got to make sure that | find as an issue,
some of the apps, the writing's too small, | can't see it, you know, it's just too small.

It's got to Be clear and concise.”

“As [fellow board member] was telling, you cannot put a very tiny phone, you will
not be able to read if it is someone with cognitive disease or degeneration. You
have to think about that kind of degeneration in order to make the interface
adapted to the user. So user friendliness in the interface is the key and the one who
wants to communicate has to take into account the user, the specifical needs of the

user.”

“Just simple clear colours, clear big writing that you can see, you know, when, as
and when required. And it's, you know, and then | look around other ones that just,
you know, they try to look very trendy and smart by having like a black background
and white writing and stuff like that. And | go like, | can't even read it. You know,
because they've tried to be too creative and too clever. They've lost contact with,

you know.”

“A lot of the people in the medical arena, | find, try to intellectualize things when in
fact you need to bring it [down] to be successful, you need to bring it down to a

much more commonality, to a degree of commonality.”
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“And then | had a moment and | thought, you know what it's like picking up a recipe
book, because there are recipe books that really communicate right from the
beginning. They have clear pictures, they've got clear fonts, everything is explained.
And it's exactly as [fellow board member] was saying. It takes you from something
that you don't understand to a finished product, all on the one page and it's clear

and concise.”

“I have to go through three different levels, all with different information and it
doesn't tell me what I've got to do at all. It's for me that I've got to work it all out

on every single step.”

“And it's nice and simple, it's very intuitive. And | always look like, you know, it's
been designed as idiot proof. And | said, well, I'm the idiot, you know, so please let
me have a go at testing it, because if | can use it, then you can say it's idiot proof.
But a lot of these other cases that, you know, you've got to have a PhD in, you know,
modern science or something just to get on beyond the first page. It's just too

complicated.”

7.4. A spectrum of recipient understanding that should be sensitively verified and evolved

For some members of the advisory board, understanding was black and white, there was
understanding, or there was not. For others, there was a spectrum of understanding that was
acceptable. This spectrum was based on the desired level of information they considered it pertinent
to receive, and preferences in relation to the level or depth of understanding of that information. For
example, some preferred high-level explanations, rather than granular level detail, and they were
satisfied they understood the process based on this conceptual level of understanding. Whereas as
others considered it necessary to receive and process granular level detail in order to be able to
understand it. Regardless of preferences for the level of understanding, there was agreement that
there should be some form of ‘understanding verification’ performed. This could be achieved through
a number of methods (teach-back, chunk and check), however one person noted that it should be
sensitively pursued to avoid causing self-consciousness or embarrassment if understanding was not
apparent. There was also consensus on the need to clarify or reinforce understanding by supporting

and encouraging questions and by providing take-home information that could be reflected upon.

“I think that you cannot understand something partially okay. Because things are
as they are. If you understand it, you have understood fully. If not, it's really because
there is information you do not need to know. But you have understood fully what
someone was trying to tell you. And it is very dangerous if you really do not

understand, that you may think you are understanding because people tend to
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believe or to fill the gaps with their own understanding, with their own fears, with
their own ways of feeling what is happening around. So it is very dangerous to think
that you have not understood what someone was trying to tell you because then
you will be filling the gaps with your own understanding. Not the real thing that

should be understood.”

“For some people, I've got all the details | want, it's all one page. Thank you very
much indeed. That's enough for me. And then other people, you know what, I'm
full of 100-page thesis on absolutely everything. So it's a matter of trying to find a
balance that suits each person's specific requirements. You know, the issue you
have, if you make it too detailed, you're going to switch off an awful lot of people
very quickly because they would just go. So you've got to start the other way around

on that level. You'd start off with a one page if you'd like.”

“And it's very important for me that there must be transparency in the explanation
and the opportunity, of most important of all, to have the opportunity to ask
guestions you need to ask...And | don't think that's important to know every details.

Just tell me as far as is important to make an informed decision.”

“You know, they've had it all explained, but they don't want to, you know, they
don't want to put their hand up and say | don't understand because they're

embarrassed.”

7.5. Implications for the eBRAIN-Health project

The eBRAIN-Health consortia are targeting complex neurodegenerative diseases within a complex
organ (the brain), by developing complex technologies and/or infrastructure, that are governed by
complex regulations and legal procedures. Therefore, there is a triad of complexity (Figure 3) at the
conceptual (scientific and technological) and regulatory/legal level, that must be managed at the three

domains that interact to create understanding (source, message and receiver).
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Figure 3: Conceptualization of complexity within eBRAIN-Health

In the accompanying deliverable (Deliverable 2.6 Final Legal and Ethical Framework), we proposed a
Pl grounded framework of actions and considerations that the eBRAIN-Health collaborators could use
to promote open and transparent communication. The latter framework guides researchers in relation
to content, i.e. the message. In this deliverable, we build on this by leveraging Pl feedback to generate
a checklist that will support the source (person delivering the message) to ensure they have developed
a system or method of communication that supports, verifies and reinforces understanding. Below we
provide a checklist for eBRAIN-Health collaborators to consider and/or apply if engaging in activities
that require or promote understandability. The checklist poses core questions and then suggests ‘what

good looks like’ from the Pl perspective.

1.0 Understandability checks prior to delivering a message

. What good looks like from the recipient
o Prompt questions

perspective
. 1.1 Does the message conform with the o Refer to Deliverable 2.6 which suggests
guidance set out with the communication 16 considerations or actions to guide
guidance in Deliverable 2.6 Final Legal and respectful and inclusive communication.
Ethical Framework?
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. 1.2 Are there multiple versions, physical
and digital, of the supporting information

material (message) available?

e Information in different formats and in
varying literacy levels may be required to
support information preferences.

e Materials may be needed during a
discussion and always provided at the

end to take home.

. 1.3 Is anything known about the

recipient which might affect the pending

e Physical and psychological status may

affect communication and

discussion? interpretation abilities, prior knowledge
can help prepare the source to tailor the
conversation accordingly.

. 1.4 Has sufficient time been allocated to e Discussion should not be rushed.

hold this discussion?

e Sufficient time and patience is needed to
support a full understanding and to

allow time for questions.

. 1.5 Has prior rapport been established
or does time need to be dedicated to building

trust?

e Trustis key to supporting understanding,
if not established, then communication
and or time should be modified to allow

for development of trust.

2.0 Understandability checks on delivering a message

. What good looks like from the recipient
o Prompt questions

perspective
. 2.1 Was clear and accessible language e Clear and unambiguous language should

and terminology used consistently?

be used throughout.
e Complexterminology should be avoided,

if used, it should be fully explained.

. 2.2 Were all the components covered in

the timeframe allocated?

e Concise information is generally
preferred, limit information to what is
necessary.

e Information shared should be tailored to
the person’s preferences (high level

versus detail).

° 2.3 Was there sufficient time available

for questions to be asked and answered?

e Time is required, if the discussion felt
hurried, was incomplete or interrupted,

then additional time should allocated.
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e People should be prompted to ask any

questions that they might have.

misinterpretation?

. 2.4 Was understanding sensitively e Techniques should be used to sensitively
verified? probe understanding.
e Care is needed to avoid embarrassment
or upset.
. 2.5 Were there any cues (verbal of e Subtle cues may indicate engagement or
physical) suggesting misunderstanding or understanding, for example, loss of eye

contact may suggest disengagement.

3.0 Understandability checks after delivery

support the answering of questions that arise

after a discussion?

. What good looks like from the recipient
o Prompt questions )
perspective
. 3.1 Have take-home information e There will be different preferences for
preferences been checked? the type of information a recipient
wishes to access after a discussion,
preferences should be checked.
. 3.2 If physical information was e |f a physical document has been
requested, has it been provided? requested, this should be provided
before the end of the discussion.
. 3.3 Is there a mechanism in place to e (Questions may arise outside of a

discussion; it is important mechanism(s)
are in place to address any ongoing

informational needs.

7.6. Section summary

Understandability was identified as a cross-cutting theme within the consultations and desk-based

work undertaken along the life course of the eBRAIN-Health project. Thus, it was important to

interrogate Pl contributors’ conceptualization and experiences of understanding. The consultation

generated rich discussions which has enabled the formulation of a bespoke definition that can guide

and implement activities within the e-BRAIN-Health project (Box 1). This definition, and information

shared about processes or experiences that determine ‘what good looks like’ for the intended

audience (in this case, people with lived experience), has been leveraged to create a checklist for the

eBRAIN-Health consortium to use.
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. Understandability is a dynamic process that, in the context of eBRAIN-Health, requires
synergy between the source (person giving information), the message (the content and presentation
of the information) and the receiver (the person seeking to understand the information being

imparted).

Box 1: Conceptualization of understandability

8.  Report conclusions

The eBRAIN-Health project operates within a triad of complexity given the target, the approach and
the infrastructure and regulatory framework in which the approach is operationalised. This complexity
has downstream ethical and social implications which were highlighted by the acceptability grounded
interrogation of prior Pl work, and the secondary analysis of six large scale technology focused projects
described in this report. Across this work, the concept of understandability was frequently
foregrounded as a mediator of ethical and social impacts. Thus, understandability was further explored
with people with lived experience which resulted in a bespoke conceptualization and understandability

checklist designed to guide interactions or discussions with people with lived experience in the project.
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Annexe 1: Consultation pre-reading material

Public Involvement

eBRAIN-Health Social and Ethical Implications

° What have we been doing:

[ J

° We have looked back at reports we have written for eBRAIN-Health and
associated projects (Lethe, PREDICTOM, Al Mind) that summarise the
published literature on ethical and social issues related to advanced
technologies like Digital Twins. We have also revisited consultations we have
held with you and fellow public advisors, as part of eBRAIN-Health and other
projects.

[ J

° From this information, we have created a new comprehensive summary
of the key ethical and social issues (these were previously spread across many
different reports). We fed this new summary into ChatGPT, a large language
artificial intelligence model, and asked it to perform a discourse analysis. A
discourse analysis involves counting specific words (and related words) to
work out how often they occur, it also identifies common word clusters
(groups of words that frequently occur together). The large language model
identified an ‘understanding / comprehension cluster’ that occurred regularly
across the whole report. This indicates understandability as a key ethical and
social aspect that has many implications and effects for people with lived
experience.

[ J

° What next?

[ J

° We would like to explore the topic of understandability with you. We
are interested in working out what this term means to you, exploring your
experiences of understanding and what led you to feel like you properly
understood something, what things can make understanding more difficult, or
easier and how you feel about perhaps ‘not’ understanding something. With
this information we hope to make an understandability checklist’ that will help
eBRAIN-health researchers who try to explain and share information about
complex technologies.

public document B 26/28



S BJE eBRAIN-Health

Public Involvement

eBRAIN-Health Soci

° Things to think about ahead of the meeting:

. Meaning:
e What does understandability mean to you?
e How would you define it?

° Experiences:
e Think about a time a doctor, app, or service explained something to
you clearly, what made it easy to understand?
e Canyou remember a time something was confusing or unclear, what
was missing that made you feel that way?

° Barriers:
e What might stop someone from understanding complex technology?
e How might stress, time pressure, or a health condition affect your
understanding of something?
e What would make explanations provided by researchers feel
overwhelming or burdensome?

° Not understanding:
e Isit ok not to understand a process fully, but still participate in that
process?
e Understanding enough versus understanding fully, how do you feel
about this?
e Should there be any checking of understanding performed?

° A checklist for good practice:
e |f you had to make a checklist for a ‘good explanation,” what would be
onit?
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