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IIEPIAHYH

H mapovoca didaktopikn) dwatpipn e€etdlel pio KEVIPIKN TPOKANGT TG YNOLOKNG V-
yelog: T HETAPpAoT aPNPNUEVOV NOKOV apy®dV G TPOKTIKA Kol AEITOVPYIKE EpYa-
Aetlo TOV pIopoLV va vrooTnpiEovy TV Nk Habnon Kot Tov NOkd avacsToyaoUd G
SLPOPETIKA EMOYYEAUATIKE TEPIPAALOVTA. XKOTOG TNG LEAETNG NTAV 1] AVATTTLEN EVOG

Aertovpytkov kot avBpwmokevrpikov “TIhonyod HOwNC”, wavod vo evompatmdver Tnv

NOWM oKéyYn OTIC TPAYUATIKEG EPOPUOYES TNS YNOLOKTG LYETOGC.

[Ma v enitevén 100V 6KOTOV £PAPUOGTNKE LIl TOAVPACTKY], OVOTTUEIOKT] KO [IKTH
pueBod0AoYIK TPOGEYYIoT. Apykd, GLAAEXON KAV, cuVTEOMKOY Kol avalHON KoY cGLGTY-
LOTIKGE SNUOCIEVUEVO OEGOUEVA TYETIKA e T NOUKA KEVE KO TIC TPOKANGELS IOV Plod-
vouv acBevelg Kot emayyeApatieg vyeiog oto mAaicto g ynoeakng vysioc. Ta gvpn-
LOTO, OVTA PETOPPACTNKAY GE SOUNUEVEG Kol GYESNOTIKG AEI0TOMGILES SUGTAGELS
TPoPANUAT®Y. X1 GLVEYELD, TOL 0E0OUEVA aLTA a&lomomOnKay yio TV ovATTUEN TG
APYIKNG OPYITEKTOVIKNG TOV cvotiuotog (Alpha), 1 omola PedtidOnke emavoaAnTTikd
pHES® OadKaGiog aE0AOYNoNG omd E0IKOVG, 0OMNYMVTAG GTNV OVATTLEN TNG ap)LTE-
ktovikng (BETA) kot ™¢ ekmaudevtikng g ekdoyns (BETA-EDU). Télog, 1 a&loAd-
YNON OO TEAKOVS YPNOTEC TPOEPYOUEVOLS OO £E1 O1OLPOPETIKOVG TOUELG EMETPEYE TNV
aVayVAOPLoT OVOYK®OV ToV GYETIOVTOL PE TO EKACTOTE TANICIO EPOPUOYNG Kol T Ol0i-
LOPO®OT|  STOUENKDY OMOITNCEDY, KOTOANYOVIOS OTNV TEAIKN OPYLTEKTOVIKY|

(Gamma).

Ta evpfjrata KoTadetkvuouy 0Tt 01 N01KEG TPOKANGELG GTNV YNelaKn vyeia stvat dpeca
e€apTOUEVES OO TO EKAGTOTE TANIGLO KO OTOLTOVV TPOGOPLOCTIKEG Kol avOpmmoKe-
vIpkég Avoelg. H TeMKT apylteKToVIKT GUVIGTE £VoL EMEKTAGIO, TOAVETITESO Kot -
OpwTO VLGN, TO OTTOI0 EVOMUATMOVEL TNV NO1KT] GUALOYIGTIKT), TN YPNOTIKOTNTO KO
™ dwtopeakn epapuootpotnta. H dwatpin copfdirer oto medio e nOkng e yn-
QLoKNG vyeiag, emavanpocdlopilovtag v Nk og dtadikacio kabodnyovuevoL ava-
OTOYOOUOV Kol TPOTEIVOVTAG £VOV GUYKEKPUYEVO, EQPUPLOCTIKA TPOCAVOTOAIGUEVO
[Thonyd HOwng yioo tnv vrootpién g nOKNg TpoKTikng o€ cHVOETO KOVMOVIKO-TE-

AVOLOYIKE TTEpIBAALOVTOL.
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ABSTRACT

This dissertation addresses a central challenge in digital health: the translation of ab-
stract ethical principles into practical, usable tools that can support ethical learning
across diverse professional contexts. The study aimed to develop an operational, user-
centred ethics navigator capable of embedding ethical reflection into real-world digital

health practices.

A multi-phase, design-oriented mixed methodology was employed. First, published ev-
idence on ethical gaps and challenges experienced by patients and healthcare profes-
sionals was systematically collected, synthesized and translated into structured, design-
relevant problem dimensions. Second, these insights informed the development of an
initial (Alpha) architecture, which was iteratively refined through expert validation,
leading to the BETA architecture and its educational (BETA-EDU) version. Third, end-
user engagement across six relevant sectors enabled the identification of context-spe-
cific needs and cross-sector requirements, culminating in the final (Gamma) architec-

ture.

The findings demonstrate that ethical challenges in digital health are context-dependent
and require adaptive, user-centred solutions. The resulting architecture provides a scal-
able, modular, and layered system that integrates ethical reasoning, usability, and cross-
sector applicability. This work contributes to digital health ethics by reframing ethics
as a process of guided reflection and by offering a concrete, implementation-oriented

ethics navigator to support ethical practice in complex socio-technical environments.

Keywords: “digital health ethics”, “ethics-by-design”, “human rights in healthcare”,
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GLOSSARY

Alpha, BETA, BETA-EDU, and Gamma architectures: Successive devel-
opmental architectures of the BRAIN health-tech Ethics Navigator created
through the iterative phases of this research. The terms are intentionally retained
to distinguish different stages of conceptual, structural, and educational refine-
ment throughout the dissertation. The capitalisation of BETA and BETA-EDU
is purposefully maintained to denote the expanded and educationally oriented

forms of the architecture.

BETA Architecture: The BETA Architecture is the refined version of the
BRAIN Health-Tech Ethics Navigator, developed after expert validation and
feedback analysis. It represents the consolidated structural design of the navi-
gator, integrating its ethical foundations, procedural logic, functional compo-
nents, and governance mechanisms into a coherent multi-layer architecture. The
BETA version preserves the navigator’s core ethical principles while incorpo-
rating improvements aimed at enhancing clarity, usability, and practical ap-
plicability. As such, it serves as the validated analytical configuration of the
Ethics Navigator, providing the basis for further adaptations, including its edu-

cational extension (BETA-EDU).

BETA-EDU Architecture: The BETA-EDU Architecture refers to the educa-
tional re-architecture of the beta version of the BRAIN Health-Tech Ethics
Navigator. It represents the pedagogical adaptation of the validated navigator,
restructuring its analytical components into a staged learning design that sup-
ports ethical literacy, reflective reasoning, and facilitated discussion. While pre-
serving the navigator’s core ethical foundations, such as the five axons, associ-
ated challenges, and underlying principles, the BETA-EDU architecture re-
frames technical and analytical elements into learning-oriented formats, includ-
ing scenario-based deliberation, stakeholder perspective analysis, and reflective

synthesis. This configuration positions the navigator as a structured educational
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tool for teaching and training in digital health ethics rather than as a decision-

support or compliance instrument.

BRAIN health-tech Ethics Navigator (alpha version): An Ethics Navigator
refers to a structured tool developed in this thesis to guide users through sys-
tematic ethical deliberation, reflection, and learning in the context of digital
health. It is designed to navigate individuals and stakeholders through ethically
relevant questions, considerations, and prompts derived from empirically iden-
tified gaps and challenges in digital health use. Grounded in the experiences
and perceptions of patients and healthcare professionals, the Ethics Navigator
translates identified empirical challenges into guided reflection pathways that
facilitate critical engagement, ethical awareness, and responsible practice. Ra-
ther than prescribing fixed solutions, the tool supports users in navigating com-
plex ethical landscapes by encouraging structured inquiry, contextual sensitiv-

ity, and reflective learning.

Challenge: In this systematic review, a challenge refers to any reported barrier,
concern, limitation, or contextual difficulty affecting the adoption, implemen-
tation, experience, or outcomes of digital health use, as perceived by patients
and healthcare professionals. Operationally, challenges were identified through
explicit references to barriers, fears, mismatches between user needs and tech-
nological solutions, perceived risks, downsides, concerns, potential pitfalls, or

structural and organisational limitations.

Educational: In the context of this study, educational refers broadly to activi-
ties, structures, or resources designed to support learning, knowledge develop-
ment, and ethical awareness. Educational elements aim to facilitate understand-
ing of concepts, frameworks, and practical implications, enabling learners to
engage with complex topics, such as digital health ethics, in an accessible, struc-
tured way. Within the Ethics Navigator, the educational orientation refers to
adapting the navigator to support teaching, training, and capacity-building

across diverse learner groups.
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Gamma Architecture: Final implementation-oriented and stakeholder-in-
formed architecture of the BRAIN health-tech Ethics Navigator developed fol-
lowing end-user engagement across multiple sectors. The Gamma architecture
represents the most mature and scalable version of the system, integrating em-
pirical evidence, expert refinement, usability considerations, cross-sector re-
quirements, and educational functionality into a modular and adaptable ethical

support architecture.

Gap: In the context of this systematic review, a gap refers to an identified ab-
sence, insufficiency, or unmet need in relation to the use of digital health tech-
nologies, as perceived by patients and healthcare professionals. Operationally,
relevance was determined based on explicit references to a “lack of” evidence,
resources, competencies, infrastructure, regulatory clarity, usability, accessibil-
ity, or structured implementation support, as well as articulated “needs for” im-

provement or further development.

Health Public Intelligence Recommender: A structured recommendation-
generating mechanism developed in this thesis to translate empirically identi-
fied challenges in digital health use into actionable ethical guidance. The term
denotes a system that synthesises collective experiential evidence (“public in-
telligence”) derived from patients and healthcare professionals and produces
context-sensitive recommendations to support ethics deliberation, reflection,
and learning. In this study, the Health Public Intelligence Recommender was
conceptually grounded in the empirical mapping of gaps and challenges identi-
fied through a systematic review. These challenges served as the foundational
inputs for generating structured prompts and guidance aimed at supporting eth-
ical awareness, decision-making, and responsible digital health implementa-

tion.

Pedagogical: Pedagogical refers more specifically to the methods, strategies,
and design principles used to facilitate effective learning and teaching. Peda-
gogical elements focus on how learning is structured, delivered, and experi-

enced, including the use of learning stages, reflective prompts, scenario-based

XxXVviil



exercises, and participatory discussion. In the context of the BETA-EDU archi-
tecture, pedagogical adaptation involves restructuring the Ethics Navigator's
analytical components into guided learning pathways that promote ethical rea-

soning, critical reflection, and stakeholder perspective-taking.
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ORIGINALITY OF THE THESIS

This dissertation contributes to the field of digital health ethics by moving beyond the
development of abstract ethical principles toward the creation of an implementation-
oriented educational ethics architecture. While existing approaches in digital health eth-
ics predominantly focus on normative frameworks, guidelines, or principle-based rec-
ommendations, this study addresses the persistent gap between ethical theory and prac-

tical application in real-world healthcare technology environments.

The originality of the thesis lies primarily in the development of the BRAIN Health-
Tech Ethics Navigator, a structured and user-oriented system designed to support ethi-
cal reflection, learning, and decision support across diverse digital health contexts. Ra-
ther than proposing an additional set of ethical principles, the study operationalises ex-
isting ethical and human rights commitments into a navigable architecture that trans-
lates ethical concerns into practical pathways, contextual challenges, graded scenarios,

and structured recommendations.

The study’s iterative and multi-phase methodological approach further contributes to
the thesis originality in that the architecture was not developed solely through theoreti-
cal reasoning but emerged progressively through the integration of:

1. published evidence on ethical challenges in digital health,

2. expert validation and architectural refinement, and

3. end-user engagement across multiple sectors involved in healthcare technology.
This process enabled the architecture to evolve from an initial conceptual model into a
more robust, scalable, and context-sensitive system grounded in empirical evidence and

stakeholder perspectives.

The thesis further contributes by introducing a stakeholder-sensitive and challenge-ori-
ented structure. Ethical issues are not treated as universal or static concerns but are
organised according to distinct user perspectives, particularly those of patients and
healthcare professionals, and across thematic domains such as human values, data and

algorithmic transparency, governance and accountability, equity and sustainability, and
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clinical integrity. This layered structure allows ethical reflection to remain adaptable to

varying technological, institutional, and sociocultural contexts.

Another important contribution is the educational orientation of the navigator. The ar-
chitecture conceptualises ethics not as a compliance exercise but as a process of guided
ethical reasoning and ethical capacity-building. Through scenario-based learning, struc-
tured navigation, and risk-oriented recommendations, the system supports the develop-
ment of ethical literacy and practical judgment among users operating in digitally me-

diated healthcare environments.

Finally, the study contributes to the broader field of digital health implementation re-
search by demonstrating how ethical reflection can be embedded into system design
through an interdisciplinary, human rights-informed, and implementation-oriented pro-
cess. The resulting Gamma architecture represents a modular and adaptable ethics sup-
port system that may inform future educational tools, governance initiatives, and re-

sponsible digital health innovation practices.
Collectively, this dissertation advances the discussion from “what ethical principles

should guide digital health” toward “how ethical reflection can be operationalised,

taught, navigated, and applied in practice.”
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1 INTRODUCTION

1.1 The Digital Healthcare Ecosystem as an Ethical Pressure Envi-
ronment

1.1.1 The Emergence of a Digital Healthcare Ecosystem

In the rapidly evolving landscape of digital technologies, the concept of digital ecosys-
tems has emerged as a foundational field of exploration(1). Originally developed to
describe interconnected digital environments in which technologies, actors, and insti-
tutions co-evolve, the “ecosystem” way of thinking has been applied across several do-
mains of innovation, including industry, public services, and complex socio-technical
systems(2,3). During recent years, this conceptual lens has been extended to the
healthcare sector at an increasing pace, recognising that modern healthcare can no
longer be adequately understood through isolated technologies or single institutional

actors(1,3).

Digital health represents a central manifestation of this ecosystemic shift within the
field of healthcare. Instead of referring to discrete digital tools or applications, digital
health functions as a platform through which digital technologies act as intermediaries
among patients, healthcare professionals, institutions and data infrastructures(4).
Through mechanisms such as remote monitoring, decision-support systems, and pa-
tient-facing digital services, digital health technologies reshape how care is coordinated

across settings and organisational boundaries(3,4).

The rapid evolution and diffusion of health technologies has, in turn, transformed the
way in which healthcare services are delivered, regulated and perceived by stakeholders
across the healthcare system(5). Developments such as semantic interoperability in
electronic health records, cloud-based infrastructure, artificial intelligence-enabled de-
cision-support systems, and data-driven approaches to precision medicine illustrate a

broader shift toward integrated, data-intensive healthcare infrastructure(5). All these



developments operate not as standalone technological interventions, but as intercon-
nected components of wider systems that depend on continuous data flows, shared

standards and cross-organisational coordination(1,3).

Within this context, the notion of a digital healthcare ecosystem provides a useful con-
ceptual lens for capturing the complexity and interdependence of the contemporary dig-
ital health innovation ecosystem. Iyawa et al. define a digital health innovation ecosys-
tem as “a network of digital health communities consisting of interconnected, interre-
lated and interdependent digital health species, including healthcare stakeholders,
healthcare institutions and digital healthcare devices situated in a digital health envi-
ronment”(3). This definition highlights that digital health ecosystems are not defined
solely by technological connectivity, but by the coordinated interaction of actors, prac-

tices and infrastructures aimed at improving health outcomes and empowering patients.

An ecosystem perspective also highlights the increasing convergence of domains that
were previously more clearly delineated. In digital healthcare ecosystems, the bounda-
ries between research and care, industry and clinical practice, and governance and in-
novation are becoming progressively blurred(1,6,7). Digital tools developed within re-
search settings may rapidly enter clinical practice; commercial infrastructures may me-
diate public care functions; and governance logics may be embedded directly within
technical architectures. As a consequence, responsibility, accountability, and decision-
making authority may be distributed across several actors operating at different levels

of the healthcare system(1,3).

Therefore, understanding digital health as an ecosystem shifts analytical attention away
from individual technologies toward the interactions, dependencies, and relationships
that shape innovation at a system level(3,8). From this perspective, many challenges
associated with digital health do not arise solely from the technical properties of indi-
vidual tools, but from how technologies are designed, integrated, governed, and used
within complex socio-technical environments(1,6,7). Consequently, ethical analysis
confined to individual technologies or isolated decision points risks overlooking the
systemic dynamics through which ethical tensions are generated, distributed, and am-

plified across the ecosystem.



The digital healthcare ecosystem thus operates as an ethical pressure environment: a
structurally dynamic context in which rapid innovation, distributed responsibility, com-
mercial incentives, regulatory uncertainty and evolving professional roles interact to
generate continuous normative demands. Within such an environment, ethics cannot
remain external or episodic but must be understood as a structural component of how

innovation is interpreted, negotiated and integrated into practice.

1.1.2  From Risk Mitigation to Ethical Sense-Making

Within the field of digital health, ethics has been framed as a matter of risk identifica-
tion, harm prevention and regulatory compliance, mainly concerning bias, privacy,
safety and accountability(9). Moreover, this framing is reflected in the proliferation of
ethical principles, governance mechanisms and guidelines designed to mitigate poten-
tial harms relevant to digital health technologies(10). Doubtlessly, these approaches
have played a significant role in raising ethical risk awareness; on the other hand, they
treat ethics as a checklist activity aimed at achieving procedural compliance instead of

being an ongoing interpretive practice(11).

However, in complex digital health ecosystems, ethical challenges are rarely static or
fully predictable, emerging instead through evolving interactions among technologies,
users, institutions and contexts of use(12). Risk-based approaches tend to fragment eth-
ical issues into discrete categories, obscuring how ethical tensions accumulate, trans-
form or reappear across the lifecycle of innovation and deployment(13). As digital sys-
tems evolve through iterative updates, machine learning adaptation and infrastructural
integration, ethical implications become temporally extended and relational rather than

discrete and event-based.

From this perspective, the core ethical challenge in digital health is not solely what risks
exist, but how professionals understand, interpret and respond to ethical complexity

within situated decision-making contexts(14). The central question shifts from “Which



risks must be mitigated?” to “How are ethical meanings constructed, negotiated and
Justified within evolving socio-technical environments?” Under these conditions, ad-
dressing ethics as ethical sense-making foregrounds the development of reflective ca-
pacities, contextual judgement and shared interpretive frameworks that enable stake-
holders to reason ethically across diverse scenarios and stages of innovation(15). Eth-
ical sense-making emphasises the cultivation of ethical learning, that is, the develop-
ment of interpretive competence, deliberative capacity and human-rights-grounded

judgement that can be exercised across roles and institutional settings.

This shift reframes ethics from a peripheral mechanism of control toward a constitutive
element of professional learning and practice within the digital healthcare ecosys-
tem(10). Accordingly, the challenge is not merely to strengthen governance instru-
ments, but to reconsider how bioethics itself is positioned within digital innovation pro-
cesses, whether as an external evaluative authority or as an embedded educational ar-

chitecture that supports ongoing ethical learning across the ecosystem.

1.2 The functional positioning of Bioethics in healthcare and innova-
tion

1.2.1 Traditional roles of Bioethics in healthcare

Bioethics has played a significant role in shaping the moral foundations of healthcare
by systematically addressing ethical dilemmas arising in medical practice and biomed-
ical research(16). Although often perceived as a contemporary discipline, its intellec-
tual roots extend deep into the history of moral philosophy and medical ethics(17). The
term “bioethics” itself derives from the Greek words bios (life) and ethos (character),
reflecting its concern with the moral dimensions of life sciences and healthcare(18).
From its inception, philosophical reflection has enriched medicine by foregrounding

ethical reasoning as central to clinical judgment and professional integrity(17).



While the formal field of bioethics emerged in the twentieth century, its historical foun-
dations are intertwined with the evolution of medical ethics(16). Ethical guidance for
medical practice predates the Hippocratic tradition, as many early societies articulated
professional obligations through oaths and moral codes(19). The Hippocratic Oath,
commonly dated to the fifth century BC, became the most influential ethical reference
point in Western medicine and established enduring principles concerning professional
conduct and patient welfare(20). Traditional medical ethics primarily focused on the
doctor-patient relationship and emphasised the virtues and character of the physician as

the cornerstone of good medical practice(21).

Bioethics, however, developed as a broader and more critical enterprise that extended
beyond professional virtue and bedside decision-making(16). In the 1960s and 1970s,
the term was popularised by Van Rensselaer Potter, who envisioned bioethics as a “sci-
ence of survival” linking biological knowledge with human values in response to tech-
nological and ecological challenges(22). During this period, rapid advances in biomed-
ical science and clinical innovation, including organ transplantation, life-sustaining
technologies, reproductive medicine, and genetic engineering, generated ethical ques-
tions that exceeded the traditional boundaries of medical ethics(23). At the same time,
public revelations of egregious research abuses, including the experiments conducted
during the Second World War and the Tuskegee syphilis study, exposed profound fail-
ures in the protection of human subjects and catalysed the institutionalisation of re-

search ethics(24,25).

These historical developments led to the formalization of bioethics as a normative dis-
cipline concerned with the protection of human dignity and rights in medicine and re-
search(16). The Belmont Report articulated foundational ethical principles, respect for
persons, beneficence, and justice, that became cornerstones of research oversight and
regulatory frameworks(26). Building on this foundation, principalism, most promi-
nently formulated by Beauchamp and Childress, provided a systematic framework for
analyzing clinical and research dilemmas through the principles of autonomy, benefi-
cence, non-maleficence, and justice(27). Through these developments, bioethics estab-
lished itself as an interdisciplinary field spanning medicine, philosophy, law, public

policy, and the social sciences(18).



Traditionally, bioethics has operated across three central domains within healthcare.
First, in clinical ethics, it has guided decision-making in cases involving end-of-life
care, informed consent, capacity, and treatment refusal, offering structured approaches
to resolving moral conflict at the bedside(21,27). Second, in research ethics, it has in-
stitutionalized oversight mechanisms such as Institutional Review Boards and articu-
lated normative standards for ethical experimentation and the protection of vulnerable
populations(26,28). Third, at the level of policy and governance, bioethics has informed
legislative deliberations and public debates concerning emerging technologies,

healthcare allocation, and questions of distributive justice(16,29).

Across these domains, bioethics has primarily functioned as a reflective and evaluative
discipline: clarifying principles, adjudicating dilemmas, and guiding decision-making
within relatively bounded institutional settings. This functional positioning presupposes
identifiable decision points, stable professional roles and clearly demarcated institu-
tional boundaries. It assumes that ethical analysis can be applied at discrete moments
of deliberation or review. These conditions, however, are increasingly destabilised

within digital health innovation ecosystems.

1.2.2 Bioethics in the Context of Digital Innovation Practices

Digital health innovation is characterised by rapid development cycles, large-scale data
integration, and interdisciplinary collaboration across clinical, technical, commercial,
and regulatory domains(6,7). Such innovation ecosystems operate through iterative de-
sign, agile development, and continuous deployment, conditions that differ substan-
tially from the slower, episodic structures within which traditional bioethical oversight
evolved(12). As a result, the speed and scale of digital innovation often outpace con-
ventional ethical review mechanisms designed for discrete clinical interventions or re-

search protocols(30).

Traditional bioethical governance has relied heavily on episodic ethics review, particu-

larly through institutional review boards and regulatory approval processes structured



around clearly bounded projects(26,28). However, digital health technologies fre-
quently evolve after deployment through software updates, machine learning adapta-
tion, and integration with new datasets, rendering one-time ethical assessments insuffi-

cient(13).

In such environments, ethical implications are not confined to the moment of approval
but unfold dynamically across design iterations, data flows, user interactions, and in-
frastructural integrations. Ethical questions become continuous rather than episodic,
distributed rather than centralized, and embedded within technical decision-making
processes. Moreover, expert-driven oversight models position ethics as an external
evaluative function rather than as an integral component of design and implementation
practices(14). Consequently, value-laden decisions may be negotiated implicitly within
engineering, procurement, and deployment processes, even when formal ethical author-

ity remains institutionally separate(30).

This structural separation creates a functional gap: ethics retains formal authority at the
level of review and governance. At the same time, practical normative decisions are

made within innovation teams that may lack structured support for ethical reasoning.

1.2.3 The Structural Repositioning Problem

In light of this misalignment, the issue is not merely procedural but structural. Bioethics
remains institutionally positioned as an evaluative checkpoint, whereas digital innova-
tion processes distribute ethical decision-making across technical and organisational
actors. Embedding ethics within design and development processes aligns with ap-
proaches such as Value Sensitive Design, which emphasize the integration of normative
reflection into technical development(31). However, embedding ethics cannot be re-
duced to inserting additional checkpoints into development cycles. It requires rethink-
ing the functional role of bioethics within the ecosystem itself, from an external arbiter
of compliance to an internal infrastructure that supports ethical learning and delibera-

tion across roles and stages of innovation.



Repositioning bioethics, therefore, entails a shift from external oversight to internal ca-
pacity-building. Complex digital ecosystems demand participatory and distributed
forms of ethical engagement, as responsibility is dispersed among developers, clini-

cians, data scientists, managers, and policymakers(32).

In this context, the central challenge becomes educational rather than exclusively reg-
ulatory: how can stakeholders cultivate the interpretive capacities required to recog-
nize, articulate and negotiate ethical tensions as they arise within innovation practice?
Supporting ethical sense-making across these roles transforms bioethics into an ena-
bling infrastructure for reflective practice rather than a compliance-oriented checkpoint,
thereby situating it as an active and strategic component of digital health innova-

tion(10).

Accordingly, the repositioning required is architectural. Bioethics should function as a
human-rights grounded educational architecture capable of scaffolding ethical learning,
sustaining deliberative capacity and embedding normative reflection into the evolving
fabric of digital healthcare systems. This structural misalignment thus raises a broader
question: how has digital health ethics been operationalized in practice, and what con-

ceptual limitations follow from its prevailing governance orientation?

1.3 [Ethics as Governance: Structural limits in digital health ecosys-
tems

1.3.1 The governance turns in digital health ethics



Over the past decade, digital health and artificial intelligence have been accompanied
by a rapid proliferation of ethical principles, guidelines, and governance toolkits devel-
oped by academic institutions, professional bodies, governments, and international or-
ganizations(10,33). Comparative analyses have identified dozens of Al ethics frame-
works globally, many converging on shared principles such as transparency, accounta-
bility, fairness, privacy, and human oversight(33). In parallel, health-specific guidance
documents have emerged that address clinical Al, digital platforms, and data-driven
medicine, reflecting efforts to adapt traditional bioethical principles to digitally medi-
ated healthcare contexts(6,34). These frameworks have contributed significantly to rais-
ing awareness of ethical risks and to embedding normative language within digital

health governance discussions(10).

This proliferation reflects what may be described as a governance turn in digital health
ethics: a collective attempt to stabilise rapidly evolving technological environments
through the articulation of principles, standards, and oversight mechanisms(35). The
development of such frameworks represents an important maturation of ethical reflec-
tion in response to technological transformation and regulatory uncertainty(30). By ar-
ticulating shared values and high-level principles, they provide common reference
points for policymakers, developers, and healthcare organizations navigating emerging
digital infrastructures(34). Furthermore, governance-oriented ethics guidance has sup-
ported the integration of accountability mechanisms, impact assessments, and risk-man-

agement strategies into innovation processes(13).

In this sense, governance-oriented ethics has performed a crucial system-stabilizing
function: it renders technological development normatively visible and institutionally
accountable. Seen in this light, contemporary digital health ethics has largely evolved
as a governance response to uncertainty, seeking to render emerging technologies ethi-
cally legible through codification, standard-setting, and compliance instruments. None-
theless, the existence of numerous frameworks has also produced fragmentation and
overlap, raising questions about their practical coherence and operational effective-
ness(33). The issue is therefore not the absence of ethical articulation, but the structural

form through which ethics has been operationalized.



1.3.2 Compliance, Risk and Principle’s Articulation

Despite their normative contributions, many existing ethics frameworks remain princi-
ple-heavy and abstract, offering high-level values without clear pathways for contextual
interpretation and implementation(30). Scholars have noted that principles alone are
insufficient to resolve concrete ethical tensions, particularly in complex socio-technical
systems where values conflict, and trade-offs are unavoidable(10). Moreover, numer-
ous frameworks are prescriptive or compliance-oriented, positioning ethics primarily
as a matter of risk mitigation and regulatory conformity rather than as a practice of
ongoing moral reasoning(11). This orientation may limit their capacity to guide reflec-

tive engagement during iterative design and deployment processes(12).

Within such approaches, ethics is frequently operationalized as procedural compliance:
adherence to checklists, completion of impact assessments, and satisfaction of prede-
fined safeguards. Ethical robustness becomes equated with documentation, reporting,
and risk containment, rather than with the cultivation of interpretive judgement and

deliberative competence.

In addition, many ethics frameworks are designed primarily for policy-level governance
or institutional oversight, rendering them difficult to translate into everyday profes-
sional practice across interdisciplinary teams(34). Their structure often assumes cen-
tralized authority or expert-led evaluation, which may not align with distributed inno-
vation environments in digital health ecosystems(14). As a result, such frameworks can
be unevenly applicable across sectors, particularly where technological development
occurs in commercial or hybrid public—private contexts(6). The structural limitation,
therefore, lies not in the normative content of these frameworks, but in their predomi-
nant logic of application: they regulate outcomes but rarely scaffold ethical reasoning

processes within innovation workflows.

These dynamics reveal a deeper orientation: ethics is positioned primarily as supervi-

sory governance rather than as embedded professional practice. While governance

10



