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Abstract

In this article, we explore questions about the culture of trustworthy artificial intelligence (AI) through the lens of ecosys-
tems. We draw on the European Commission’s Guidelines for Trustworthy Al and its philosophical underpinnings. Based
on the latter, the trustworthiness of an Al ecosystem can be conceived of as being grounded by both the so-called rational-
choice and motivation-attributing accounts—i.e., trusting is rational because solution providers deliver expected services
reliably, while trust also involves resigning control by attributing one’s motivation, and hence, goals, onto another entity.
Our research question is: What aspects contribute to a responsible Al ecosystem that can promote justifiable trustworthiness
in a healthcare environment? We argue that especially within devising governance and support aspects of a medical Al eco-
system, considering the so-called motivation-attributing account of trust provides fruitful pointers. There can and should be
specific ways and governance structures supporting and nurturing trustworthiness beyond mere reliability. After compiling
a list of preliminary requirements for this, we describe the emergence of one particular medical Al ecosystem and assess its
compliance with and future ways of improving its functioning as a responsible Al ecosystem that promotes trustworthiness.
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1 Introduction

A prominent narrative in the discussion about trust and eth-
ics in artificial intelligence (Al), particularly medical Al can
be paraphrased as follows:

Al promises enormous benefits but simultaneously
raises significant ethical concerns (Flick et al. 2020).
These ethical concerns are a crucial obstacle to Al
adoption. Developers, vendors, and users need to be
able to trust the technology to use it. Such trust can
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only develop if ethical and related problems are suc-
cessfully addressed—an antecedent that is true across
all Al application domains but maybe most promi-
nently visible in medical Al applications (Haque et al.
2020; Igbal et al. 2016; Topol 2019).

In this view, trust is central, but also largely instrumen-
tal to Al innovation, which takes primacy in many political
agendas. In this contribution, we want to challenge this view
by highlighting trustworthiness as a normative requirement
for any Al-based innovation to be desirable in the first place.
Rather than perceiving a lack of trust as an obstacle to inno-
vation, by referring to philosophical concepts of trust and
trustworthiness (cf., e.g., Baier 1986; Nickel et al. 2010),
we want to explore how innovation ecosystem governance
structures can support the emergence of innovation that is
deserving of trust—particularly in the medical sector.

However, it remains true that addressing ethical issues is a
prerequisite for the formation of trust relationships or avoid-
ing a loss of trust. Ethical concerns of medical Al include
issues such as biases and fairness (Ricci Lara et al. 2022),
transparency and explainability (Kempt et al. 2022) but
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also broader questions of distributive justice (Lehoux et al.
2019). Proposed and often already implemented mitigation
options include high-level development of policy, legislation
and regulation (CAHAI 2022; OECD 2019), including the
EU’s Al Act (European Commission 2021b; The European
Parliament and the Council of the EU 2024), national policy
and legislation (e.g. UK Government 2021) or the creation
of new regulatory bodies (Stahl et al. 2022). They further-
more cover existing organisational activities such as risk
management (Clarke 2019) or impact assessments, includ-
ing Al-specific human rights impact assessments (Mantelero
and Esposito 2021) or Al impact assessments (Stahl et al.
2023). In addition, there is a plethora of codes of ethics
(Fjeld et al. 2020; Jobin et al. 2019) meant to guide indi-
viduals and organisations and that in many cases have been
translated into more applicable development methodologies
(Borenstein et al. 2021; Kazim and Koshiyama 2021), con-
crete implementation advice (Petersen et al. 2022) and other
types of tools (Morley et al. 2021a, b).

This very brief characterisation of the debate about the
ethics of Al points to several challenges. As stated before,
it is often proposed that open ethical questions prevent the
development of trust, which, in turn, prevents the benefits
of AI from materialising (UK Government 2023). This
pragmatic utility of ethics to engender trust and promote
industrial policy may be contentious. However, it points to
a fundamental issue of Al ethics, namely its nature of an
ethics of socio-technical systems. Al technologies are tech-
nical systems that form part of broader socio-technical sys-
tems embedded in political, economic, and social systems.
Because of its nature as a system, there are rarely straight-
forward solutions to ethical concerns. There is not just a
multiplicity of issues, stakeholders, and possible interven-
tions, but these also typically stand in complex relationships.
Consequently, there are frequent references to “Al ecosys-
tems”, particularly in interventions that highlight the ethical
complexities of Al (see, e.g., Findlay and Seah 2020; Fjeld
et al. 2020; UK Government 2021; UNESCO 2020). Some
authors refer to such a reorientation of attention towards
relations and structures as a “structural turn” (Bolte and Van
Wynsberghe 2024) or a ‘relational turn’ (Branford 2023;
Heilinger 2022).

Taking this perspective of Al as an ecosystem—or
maybe ecosystems—changes the perspective on Al ethics
from being concerned with individual technological arte-
facts to wider considerations concerning socio-technical
systems. The present article focuses on medical Al and
the question under which conditions stakeholders would
trust Al systems for good reasons. Therefore, we focus
on the research question: What constitutes a responsible
Al ecosystem that can promote justifiable trustworthiness
in a healthcare environment? We respond to the question
via a combination of conceptual and empirical evidence.
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The conceptual analysis of responsible and trustworthy Al
ecosystems and of the specific requirements that arise in a
medical context allows us to highlight the characteristics
that a responsible Al ecosystem in healthcare would have
to display. We then present an example of such a medical
Al ecosystem and analyse its current state to determine
to which extent it meets the requirements of a respon-
sible and trustworthy AI ecosystem. By framing it this
way, we do not want to be mistaken as claiming that the
entire ecosystem is guaranteed to allow only trustworthy
or responsible conduct and thus can itself be denoted a
trustworthy ecosystem. Rather, we suggest to denote a
trustworthy ecosystem as a short-hand for stating that
there are active steps taken within both centralised and
decentralised governance structures that support conduct
that lead to justifiable trust relationships. We will elucidate
in the sequel, what criteria we adopt to denote justifiable
trust—and while our criteria will not be formal, they will
go beyond the mere vernacular meaning of trust.

We explicitly limit our discussion to applications of nar-
row Al in medicine—perhaps some limited multi-purpose
Al tools as well. As such, we conceive of systems that can,
e.g., intelligently identify tissues (Bockelmann et al. 2022),
pose estimation in operating theaters (Hansen et al. 2019),
or image classifiers and segmentation in radiology (see, e.g.,
Topol 2019, and references therein). Although an interesting
topic in its own right, we do not consider Al as substitutes
for—or even mimicking—medical personnel and its corre-
sponding ethics (cf. Danaher and Nyholm 2024), let alone
touch on scenarios in which any Al solution may actually be
recognized as developing anything reminiscent of conscious-
ness. Accordingly, we deem the ethical issues discussed in
this paper to be concrete, even pressing, but not related to
discussions about existential risks humanity may face due
to advancements in Al

The work presented in this article makes academic and
practical contributions of significant relevance to several
audiences. By further developing the idea of responsible
AT ecosystems and describing what would render them
trustworthy, the article contributes to the Al ethics litera-
ture. This ecosystems approach to the ethics of Al can help
understand some of the fundamental limitations of current
Al ethics. We realise that the relationship between ethics and
systems in general and ecosystems in particular is complex.
Ethics tends to focus on individual humans as the subjects
of responsibility, whereas systems emphasise the role of
structures over individual agency. This potential contradic-
tion needs to be addressed for Al ethics to make progress.
In addition to the theoretical interest of the article, it makes
an important contribution to the practice of Al ethics, whose
debate has long moved beyond purely theoretical interest.
Implementing AI systems in many contexts, including
healthcare, calls for practical ways of dealing with possible
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ethical issues. The ecosystems perspective will provide
pointers to how this may be achieved.

The next section provides a conceptual account of trust-
worthy and responsible Al ecosystems, followed by an
account of trustworthiness in medical Al systems. Based on
the insights derived from these positions, the article offers an
empirical account of one particular medical Al ecosystem,
which provides the basis for the discussion and conclusion.

2 Trustworthy and responsible Al
ecosystems

The answer to the research question calls for some concep-
tual clarity concerning the shape and content of Al and its
influences on trustworthiness. Therefore, we introduce the
concept of Al ecosystems and ask what would constitute
responsible Al ecosystems. We follow up with a more spe-
cific exploration of issues of trust in medical Al.

2.1 Responsible Al ecosystems

That Al can raise ethical and social concerns has triggered a
wide-ranging discourse on Al ethics (Bartneck et al. 2021;
Dignum 2019; Dubber et al. 2020; Siau and Wang 2020),
including questions about privacy and data protection, fair-
ness, discrimination, transparency, accountability, and reli-
ability, but also broader societal questions related to dis-
tributive justice concerning Al benefits and risks, changing
nature of work, impact on democracy and power concentra-
tion as well as international and global concerns such as
the exacerbation of global heating or the changing nature
of warfare. In the corresponding application settings, rel-
evant stakeholders include those on the receiving end of Al
technologies, such as patients for medical applications (e.g.,
Cabitza et al. 2017), workers for management applications
(e.g., Lane et al. 2023) or citizens in public administration
applications (e.g., Hadwick and Lan 2021). In addition to the
users of Al, stakeholders also include developers, designers,
and managers of Al technologies. These are usually more
proficient regarding the technical intricacies of issues, e.g.,
with biases. For instance, the very goal of devising a bias-
free Al solution may be unviable, as different notions of
fairness may not be simultaneously enforceable incurring
inherent trade-offs (Kleinberg et al. 2017).

There is considerable buzz around the word Al. Quite
obviously, many of our insights and suggestions in this
paper apply to technology and medical technology, in gen-
eral. Regarding trustworthiness, the significance of Al over
standard technologies, however, is not based on its potential
to mimick human behavior, e.g., in chatbot interfaces—even
though we agree that there is significant potential for decep-
tion. Rather, we follow many authors in characterising Al as

an inherently socio-technical technology (e.g., Duenser and
Douglas 2023) that relies on relational data and is increas-
ingly capable of automating, standardising, mediating and
affecting interactions without acting as a clearly visible tech-
nology, but rather with a tendency to remain opaque. In that
regard, we identify a common theme of AI’s influence on
trust relationships: AI’s ranges of application and possibili-
ties to affect healthcare practice are so large that it typically
adds to the complexity of, involved parties in and challenges
to establishing, maintaining and nurturing meaningful trust
configurations. We will provide a more in-depth discussion
of trust and medical Al in the next section.

Mitigation strategies for ethical issues with Al include
international collaboration and agreements on principles,
e.g., on the level of the UN (Guterres 2020; UNESCO 2020),
the OECD (OECD 2019), the G20 (Jelinek et al. 2020) or
subsets of these groups. Such broader international policy
agreements can feed into national policies (Ulnicane et al.
2021). These policies tend to focus on promoting the benefits
of Al. However, they typically pay attention to risks and the
need to address these (e.g. UK Government 2021). The next
step of such interventions can include new legislation or reg-
ulation, with the most notable example being the proposed
EU AI Act (European Commission 2021a), or the appli-
cation of existing laws, e.g., data protection law, competi-
tion law, intellectual property or liability law. While there
is much activity on the policy level, many suggestions also
address the integration of considering ethical concerns at the
organisational level, e.g., through industry bodies but also
organisational mechanisms such as data governance (Hall
and Pesenti 2017), risk management (Clarke 2019; NIST
2022) or impact assessments (Stahl et al. 2023). Finally,
organisations and individuals can make use of an abun-
dance of ethical frameworks, principles, and codes (Fjeld
et al. 2020; Jobin et al. 2019), standards (IEEE Computer
Society 2021) and professional/technical guidance.

The reason for reiterating this multitude of issues, stake-
holders and mitigation options is to demonstrate the need
for a perspective that allows the understanding of the prob-
lem complex more holistically. Individual interventions may
help address particular problems and developing them in
more detail is called for. However, the overall outcome of
any individual intervention is difficult to predict because of
the complexity of the landscape. Hence, there is increasing
prominence of a systems view of Al. As Al represents a rap-
idly developing landscape that includes many different con-
tributors and participants that interact in complex and often
unforeseeable ways, the metaphor of Al as an ecosystem has
gained prominence (Digital Catapult 2020; H-LEG on Al
of the EC 2019; Nishant et al. 2020; NIST 2022). Using the
ecosystems perspective allows moving beyond the technical
systems that constitute the artefacts at the heart of Al and
the socio-technical systems of which they form a part and
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to look at how those socio-technical systems are embedded
in economics, society, and politics.

It has been argued that the ecosystems perspective pro-
vides a unique vantage point for observing the ethics of Al
and the basis for practical interventions in such ecosystems
(Stahl 2021, 2022). For the present article, this raises the
question of the impact of the ecosystems metaphor on ques-
tions of trust in medical Al. A more or less trusting relation-
ship between someone who trusts (a trustor) and someone or
something they trust (a trustee) will typically develop within
a socio-technical context, thus within the relevant ecosystem
in which they operate. We propose that a justified trusting
relationship is more likely to develop in an environment that
can be described as a responsible ecosystem. By this, we
mean an ecosystem geared towards recognising and address-
ing ethical concerns in a way that promotes the overall good.
Previously, the term ‘flourishing’ has been adopted to rep-
resent this overall good (Stahl et al. 2021). The term draws
on the ancient Greek tradition of philosophy. However, it
resonates with modern liberal and democratic societies in
that it emphasises the ability of individuals and groups to
achieve their potential and to live a good life according to
justified preference (Bynum 2006).

A responsible Al ecosystem is thus one that proactively
promotes human flourishing. How exactly this can be
achieved is a difficult question to answer. The etymology of
the term ‘responsibility’ points to the ability to respond, to
give answers. A responsible Al ecosystem should thus be
one that can respond meaningfully to questions from its con-
stituent members but also from external stakeholders. Some
conditions for an ecosystem to be able to do so will be that it
is clearly defined, has a knowledge base and mechanisms to
update this knowledge base, and has an adaptive governance
structure (Stahl 2021). These are probably necessary but
not sufficient characteristics of responsible Al ecosystems,
and there is no guarantee that the ecosystem in question can
address ethical concerns or that this impacts the formation of
trust. Therefore, this article inquires about the constituents
of responsible Al ecosystems that can promote justifiable
trustworthiness. We cannot hope to claim that our proposals
will guarantee trustworthiness, but hope to give plausible
propositions that support trust relationships.

Some of these propositions may be too idealistic. For
instance, many of those trust relationships that hopefully
incur will lead to some kind of transitive effect, meaning that
some entity A acknowledging the trustworthiness of another
entity B adds to the grounds of yet another entity C (e.g.,
a patient) to also trust because C finds A trustworthy. Now
C—as the potentially most vulnerable of the entities—must
at least have the ability to determine the trustworthiness of
A. In addition, it would be better if C must not only depend
on its trust relationship to A because A’s assessments could
occasionally be false. So rather, A should try and facilitate

@ Springer

that C forms a kind of trust relationship with B in a more
direct sense. Accordingly, many of our proposals will require
A to translate some of the characteristics of B (which may
be quite technical or involved in terms of the application
domain of, say, medical expertise, outcome statistics,
organisation, etc.) for C to understand. Other proposals will
amount to A enforcing characteristics on B. Both approaches
and yet other dedicated ones, may eventually also lead C to
form at least some ability to approximate B’s trustworthi-
ness in more direct terms. In any case, in a multitude of
approaches, it may still occur that A does indeed find B to
be trustworthy but still fails to communicate this to C con-
vincingly, while C is incapable of assessing the trustworthi-
ness of B itself. Even with the most appropriate ecosystem
structures in place, epistemic processes may be outpaced by
technological and organisational advances, such that C is left
without devices to assess trustworthiness directly or transi-
tively. We cannot and will not continue within such a level
of formal rigor, but would like to take this brief excursion as
pointing out the qualitative and propositional nature of our
inquiry—as opposed to a formally verifiable one.

To move towards an answer to what qualitative proposi-
tions support the formation of trust relationships within an
ecosystem, we first discuss trustworthiness in medical Al.

3 The Issue of trustworthiness in medical Al

After having reviewed relevant literature on responsible Al
ecosystems, we continue by exploring the issue of trust-
worthiness, which is particularly pronounced in medicine.
Here, those most in need of being able to trust are typically
patients in potentially dire and particularly vulnerable cir-
cumstances. However, we will also consider the issue of
trust from other perspectives, such as that of medical person-
nel, which is increasingly dependent on technology (Ramp-
ton et al. 2022), albeit carrying the brunt of the responsibil-
ity (Binkley 2021; Sand et al. 2022). We will first review
the concepts of trust in and trustworthiness of technology
in more general terms before commenting on their specific
significance in medical AL

3.1 The concepts of trust and trustworthiness
in public and academic debate

Trust in and trustworthiness of technology are notions that
have spawned a sustained philosophical debate (cf. Andras
et al. 2018; Duran and Formanek 2018; Duran and Jongsma
2021; Floridi 2019a, b; Laux et al. 2023; Nickel et al. 2010;
Rieder et al. 2020; Ruokonen 2013; Ryan 2020). Trust and
trustworthiness are subject to various interpretations, and
the use of these terms in high-profile policy, consultancy,
and ethics guidelines is widely debated. For instance, in
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reference to the European Commission’s Ethics Guidelines
on Trustworthy Al (H-LEG on AI of the EC 2019), Ryan
(2020) writes that “[t]rust is one of the most important and
defining activities in human relationships, so proposing that
Al should be trusted, is a very serious claim.” Ryan’s conten-
tion appears justified, as, indeed, common political jargon
often referring to increasing the acceptance of Al (e.g., The
State Chancellery of Schleswig—Holstein, Germany 2021) or
building trust (e.g., European Commission 2020) as essential
goals in their own right—without ever casting doubt onto
whether acceptance or trust would be warranted.

The common rationale adopted by some appears to be
that trust automatically leads to acceptance, that acceptance
is desirable, and that common drivers of trust merely relate
to expectations met and risks mitigated (cf. Gillespie et al.
2023; Hengstler et al. 2016). According to a KPMG report
(Gillespie et al. 2023), trust in Al also merely equates to the
perceived trustworthiness of Al, which, in turn, supposedly
indicates tractable ways towards acceptance as dependent on
the potential trustor’s subjective confidence in institutions,
exposure to demonstrations of beneficial Al implementa-
tions and education on Al technologies. Similarly, the EU’s
white paper on artificial intelligence even makes explicit
mention of an “ecosystem of trust”, which should serve the
purpose of building trust to “speed up the uptake of the tech-
nology” (European Commission 2020, p. 10).

Contrary to this kind of jargon that saturates discussions
on the European level, Rieder et al. (2020) have made a
compelling case for the existence of deeper philosophical
underpinnings of trust in and trustworthiness of technol-
ogy/Al within the European Commission’s Ethics Guide-
lines on Trustworthy AI (H-LEG on Al of the EC 2019) by
summarising and drawing conclusions from work, such as
Nickel et al.’s (2010), but also by analysing the guidelines
themselves. A central aspect in that latter regard rests on
the guidelines’ inherent claim to go beyond legal compli-
ance, hence, explicitly dealing with the moral dimension
of what should be done rather than “what legally can be
done” (Rieder et al. 2020, p. 3). This relationship between
the trustworthiness of technology and the moral domain has
been made explicit by Nickel et al. (2010), who distinguish
between the rational-choice and motivation-attributing
accounts of trust. We will adopt this conceptualisation, fully
aware that there might be competing alternatives that are
less or even more intricate. For the purposes of this paper,
we pursue the goal to plausibly indicate that Rieder’s and
Nickel’s accounts lead to useful strategies for ecosystem
governance that promotes medical Al innovations that cater
to the important needs of both patients, relatives as well as
medical personnel. This is why we will also comment on the
plausibility of the trust accounts in medicine in the sequel.

In the rational-choice account, trust is conceptualised as a
rational cost—benefit calculation regarding the effectiveness

of relying on something or another person to perform as
expected. Hence, the rational-choice account equates trust
with reliance and therefore lacks any moral interpretation
that is implicit (or explicit) to many philosophical accounts
of trust. For instance, Baier (1986, p. 235) references the
benevolence (or malevolence) of the human will when denot-
ing trust as “accepted vulnerability to another’s possible but
not expected ill will (or lack of good will)”. Acknowledging
the trustee as an autonomous agent with personal motiva-
tions warrants a concept of trust beyond the rational-choice
account. This motivation-attributing account of trust, then,
requires the trustor to attribute a specific motivation to the
trustee, such as the motivation to act per the values and goals
of the trustor.

When accepting the merit of the motivation-attributing
account of trust, it is widely held that technologies can-
not be appropriate targets of motivation attributions (see,
e.g., Hatherley 2020; Nickel et al. 2010; Rieder et al. 2020;
Ryan 2020). Ryan argues that in normative terms, technol-
ogy lacks agency and cannot be held responsible. Similarly,
while more interested in the supposedly adverse effects of
trusting (medical) Al on human relationships, Hatherley
(2020) states that technology can only be relied upon. From
this, Ryan (2020) even dismisses the notion of trustworthy
Al as altogether misguided. Rieder et al. (2020) attempt to
reconcile the motivation-attributing account of trust with a
more vernacular understanding of trustworthy technology.
To do so, they suggest that technology can be trustworthy in
a derived sense by considering “the network of [...] technol-
ogies and human agents, who are in various ways involved
[...] as the unit of analysis” (Rieder et al. 2020, p. 7). Hence,
the responsible human agents within the socio-technical eco-
system are essentially tasked with fulfilling the requirements
of being trustworthy.

In support of the human role, Montemayor et al. (2022)
engage deeper with the issue of empathy—a capacity
required in medical and nursing care that the authors argue
Al lacks, and which subsequently presents an obstacle to
certain applications. Perry (2023) underscores this by con-
ceptualising empathic responses as indicating a motivation
to make an effort, among other things. Shteynberg et al.
(2024) raise caution to potential issues when the illusion of
empathy is simulated. It hence seems that empathy can play
a significant role in signalling trustworthiness in the sense
of the motivation-attributing account. Empathic humans sig-
nal understanding and a willingness to invest the necessary
resources to care and potentially also to act.

According to Rieder et al. (2020, p. 7), two general
components—a moral and an epistemic—give structure
to requirements for trustworthiness: the moral component
refers to the requirement of being truthful and trust-respon-
sive. The epistemic component refers to the requirement of
being competent both in factual and self-reflective terms. In
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other words, to be trustworthy, a human agent must be truth-
ful in communicating intentions (such as adopting some goal
or motivation on the trustor’s behalf) and being responsive
to trust, i.e., acknowledging that the trust conferred upon is
reason enough to act accordingly. Furthermore, one must
be able to carry out the respective tasks while knowing the
extent and limits of one’s abilities, how to recognise and
potentially reduce deficits in capabilities. To be clear, truth-
fulness, trust-responsiveness and factual and self-reflective
competence may come in differing degrees. Human subjects
may fail to disclose some lesser important facts or may not
be fully aware of the extent of their abilities. Neither Riedel
or Nickel engage in a discussion of the appropriate (and
most often only inaccurately assessable) degree by which
agents should exhibit both the moral and epistemic compo-
nent to form a necessary condition for trustworthiness. As
our exposition is qualitative in nature, we do not and cannot
on any provable threshold conditions, but would rather focus
on general characteristics that we deem of value.

As a noteworthy alternative perspective, Ferrario et al.
(2021) propose that the rational-choice account—and, hence,
a notion of reliance—is sufficient to conceptualise trust in
technology, effectively disavowing the significance of moral
requirements. We do not adopt this position. For one, there
is no need to equate trust and reliance when a richer notion
of trust can emphasise the relevance of stakeholders’ values,
motivations and agency for trust relationships. Second, as
discussed in the sequel, acknowledging trust as something
other than mere reliance will give rise to implications for the
governance of trustworthy Al ecosystems geared towards a
cultural shift beyond the establishment of reliability safe-
guards. However, our philosophical standpoint is far from
disavowing the necessity of strong reliability measures.
Neither are we purporting a view that medical technology
and Al should simply be trusted. We do, however, maintain
that reliability alone—especially in medicine—will rarely
be enough and that trust can be earned through appropriate
actions. We surmise that the motivation-attributing account’s
significance and perhaps resilience against disappointments
wanes with an increasing social distance between trustor and
trustee. Interpersonal relationships should have a firm moral
trust footing, while business relationships and relationships
with large power gradients should be based on rational deci-
sion-making implying checks and bounds, transparency, and
interest groups and representatives as intermediaries. As we
will discuss, in medicine, however, there is a host of situa-
tions, in which rational decision-making is only part what
constitutes shared medical decisions.

Later, we will discuss an ecosystems perspective on the
requirements for and limits to trustworthiness and the nec-
essary interplay of relevant agents to achieve this. First,
however, we will comment on the particular significance
of trust and trustworthiness in medical Al. Before we do
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so, we would like to stress that our exposition is consider-
ing a human-centric perspective on medicine. While we do
believe that trust and trustworthiness may be significant con-
cepts also in relationships between humans and animals, we
do not claim that our endorsement of the rational-choice and
motivation-attributing account of trust holds there as well.

3.2 Trust and trustworthiness in medicine
and medical Al

Why are trust and trustworthiness especially relevant in
medicine and—by extension—in medical AI? The short
answer is probably that in the medical domain, asymmetries
in terms of both capability and knowledge can become par-
ticularly pronounced. Hence, it seems plausible that a lack of
competence on, e.g., the patients’ behalf necessitates trust.
Such a view may lead to an impression that trust in medicine
amounts to a mere choice or even a leap of faith—faith in the
abilities and medically effective collaboration of all involved
in the healthcare sector. We will argue, however, that trust
relationships in medicine are better understood in terms of
the rational-choice and the motivation-attributing account.
Consequently, trustworthiness in medicine need not be based
on unsubstantiated beliefs but can be gauged in terms of
moral and epistemic components.

Quite clearly, patients depend on the knowledgeabil-
ity and considerable skills of the medical personnel, even
though there is a trend toward more informed patients (see,
e.g., Alpay et al. 2006; Gardiner 2008; Karnam 2017).
Medical AI, however, is directed towards—and is often
proclaimed to eventually develop (cf., e.g., Rajpurkar et al.
2022; Topol 2019)—skills superior to humans. Hence, said
asymmetries may not only concern the patient-physician
relationship but may also become increasingly relevant
concerning trust towards medical technology providers on
behalf of the medical personnel. When considering direct
interactions between patients and Al-based tools, such as
diagnostic apps (e.g., Ronicke et al. 2019), medical person-
nel may even be sidelined as trusted intermediaries, conse-
quently requiring a direct trust relationship between medical
Al providers and patients.

During unfamiliar situations of considerable incertitude
and vulnerability, patients may have little experience or
facts on which a rational choice could be based. Potentially
dire situations may make it difficult to form a well-founded
expectation of the performance of any medical system. The
remaining option is trust in the governance structures and
institutions that contribute to making the medical system
work. Indeed, consultancies and think tanks have recently
stressed the importance of trust in the medical ecosystem
(cf., e.g., Edelman GmbH 2023; Read et al. 2021; Sarasohn-
Kahn 2022). A great deal of trust in medicine can hence
be attributed to, e.g., the reliability of regulatory bodies,
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the effective self-regulation of medical associations and fair
reimbursement systems to contribute to just, safe, efficient
and effective healthcare. Trust in the medical ecosystem thus
depends on rational expectations but can, of course, also be
diminished by evidence of its (partial) failure.

Still, many suggestions for building trust in the healthcare
sector concern personal relationships (see, e.g., AAMC Prin-
ciples of Trustworthiness 2021). While the significance of
individual experiences and encounters with healthcare and
medical personnel for the issue of trust can be backed up by
evidence (e.g., Read et al. 2021), it is instructive to adopt an
ecosystem perspective approach to understanding trust in the
medical domain, because it widens considerations to sup-
port trustworthiness beyond patient-physician relationships
to also account for other actors within the socio-technical
assemblage of the ecosystem, such as medical technology
providers, users and regulatory bodies (Anoop and Asharaf
2022; Bertelsmann Foundation 2023; Platt and Nong 2023;
Ruotsalainen and Blobel 2020, 2022).

More specifically, the ecosystems perspective allows
identifying more potential agents responsible for contribut-
ing to the overall ecosystem’s trustworthiness and asking
for the significance of the motivation-attributing account.
For instance, pediatric cases, where children may not pos-
sess the rational capacity and experience to develop trust
towards medical practitioners, reveal the importance of con-
ceiving a triadic trust relationship between the child, parent
or guardian, and physician (Sisk and Baker 2019). These
trust relationships have not been explicitly considered under
the proposed dichotomy of rational-choice and motivation-
attributing accounts of trust, but there is good grounds to
assume that the model has some merits in cases like these.
For instance, Sisk and Baker (2019) emphasize the value of
trust-building during non-crisis times. In support of what
we call the rational-choice account, they write that “[f]ami-
lies test their clinicians over time against their expectations
of what clinicians should do. As the clinical relationship
develops, the family’s trust becomes increasingly contin-
gent on the clinician’s demonstrated actions, which we call
relation-based trust”. But Sisk and Baker also refer to the
moral demands of the moral-attributing account by stating
that “[s]tudies suggest that relation-based trust is supported
by demonstrations of caring, fidelity, honesty, and compe-
tence”. Clearly, the aspects of caring, fidelity, and honesty
all refer to a relationship in which patients (or guardians,
respectively) can rely on physicians adopting morally-salient
motivations of those they work for. It is interesting to point
out that there are, for sure, short-cuts to ‘building trust’
based on learned linguistic and body language skills. These
could be considered superficial communicative techniques
to garner a patient’s or parent’s trust (e.g., Depraetere et al.
2023). The benefit of adopting our trust model in analysis
of such methods would be that these techniques should be

grounded in genuine fulfilment of both the epistemic and
moral demands of both trust accounts. Only then, could we
say that perhaps immediate and life-threatening crises war-
rant to employ these techniques to build trust more quickly.

Similar considerations apply in obstetrics and gynecol-
ogy, particularly in high-stakes decisions. This may incur
moving from a triadic relationship to a more complex sce-
nario where physicians must consider the potentially con-
flicting welfare of both child and mother. In times of crises,
however, this scenario is even more clearly pointing to the
fact that physicians should have learned enough during the
formation of a trust relationship with the mother to act in
her interests. These could well be that the mother would
give priority to saving the child over her own life when it
comes to that. It is, indeed, a situation in which reliability
may play an entirely inferior role (except maybe in terms of
how well any necessary procedure may be performed) to the
motivation-attributing account.

Geriatric and mental health situations pose yet further
challenges to the trust model. While the motivation-attrib-
uting account may continue to be significant, mental illness
may be commonly assumed to reduce the capacity of rational
decision-making. However, this may, in fact, not hold (cf.
Cardella 2020). Hence, it may be hard to say, whether the
rational-choice account of trust is not applicable during
mental health crises. Even then, qualitative studies show
that mental health patients look for more than expertise and
reliability in their care professionals (Laugharne et al. 2012).
Outside the extreme case described above, this gives an indi-
cation that the motivation-attribution account holds merit
also in mental health.

Generally, then, if the trust relationship between patient
and physician is obstructed, we need to look towards the
socio-technical system that is medicine and include other
actors, predominantly those that act as proxies, guardians,
or intermediaries to the patient. Perhaps in these cases, the
trust relationship is even more emphasised. These interme-
diaries, e.g., parents, guardians, or any other authorized rep-
resentative of the patient, must clearly be aware of the moral
motivations of the patient and act, communicate and dis-
cuss with the medical professionals accordingly. In addition,
these intermediaries might even have strong and conflicting
motivations of their own. For instance, relatives would like
their loved ones to live on, while it may be the patient’s wish
to die peacefully and without struggle—whatever that may
mean in concrete situations.

When technology, Al in particular, comes into play, trust
should stem from a plausible assumption that Al develop-
ers, medical practitioners, etc., generally espouse a patient’s
personal goals (directly or via the intermediary) to regain
health or find acceptable ways of dealing with the disease.
In addition, medical professionals require their trust in the
medical ecosystem to be warranted. Complex technology,
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economic pressures and scarcity of resources—especially
time—all contribute to medical personnel frequently taking
responsibility for decisions resulting from technologically
mediated and often opaque processes (Herzog 2019; van den
Eede 2011). Hence, medical personnel need not only rely
on, but also trust in medical equipment and Al—or, more
precisely, their corresponding providers—but also other
institutions, governance structures and entities to support
their conception and ideals of humane and caring medicine.

However, we urge caution when attempting to translate
the requirements and dynamics of trust and fiduciary rela-
tionships from a “traditional” to a heavily technology-sup-
ported and -dependent medicine. It remains questionable,
e.g., whether one should, in fact, aim for conditions under
which patients exert the same levels of trust when the efforts
and performance of medical personnel are replaced by—at
least in part—technological support systems irrespective
of whether these bring along qualitative and quantitative
improvements. Hatherley (2020) even seems to object to less
direct human-to-human relationships in the medical context
per se, which is not without merit, even from a consequen-
tialist standpoint, as less intimate and patient-centric medi-
cine is proven to be less effective, cf. (Bjerring and Busch
2021; Herzog 2022a). We would like to add that when the
target of trust shifts from performer to provider of a—pre-
sumedly generally reliably performing—technology-based
support system (as the technological system itself cannot be
an appropriate target of trust), negotiations about a common
idea on what medical care should be become entangled in
arguably increasingly extrinsic and robust incentive struc-
tures, such as interests in profit. Unlike in the more direct
interpersonal and interprofessional exchange at the point of
care, such negotiations occur in a decentralised and distrib-
uted way, remote from considerations required in light of any
particular, vulnerable patient’s situation.

A trustworthy medical Al ecosystem needs to answer the
question of how medical personnel and patients can trust
technology providers, institutions and governance structures
to support their respective conception of a humane and car-
ing medicine—or at least a broader consensus on this.

4 Responsible and trustworthy innovation
ecosystems in Al for health

In the above, we have briefly summarised philosophical
viewpoints on trust and epistemic and moral requirements
for an agent to be worthy of the merit of trust (trustworthi-
ness). We have also commented on the particular signifi-
cance of trust and trustworthiness in the medical domain.
We now propose concrete implications for the governance
and institutionalisation of responsible medical Al ecosys-
tems based on the conceptual criteria for socio-technical Al
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systems to be trustworthy (Ruokonen 2013)—i.e., epistemic
competence and trust-responsiveness. We have already com-
mented that trust and trustworthiness can only be attributed
to technology in a derived sense, meaning that only responsi-
ble actors within a socio-technical system can be appropriate
targets of trust. To discuss what it takes for an ecosystem to
be trustworthy, we, therefore, need to discuss the question
of which actors and institutions within the socio-technical
assemblage are worthy of the merit of trust, i.e., who has (or
should have) the epistemic competence to deliver expected
results reliably and who responds with due diligence and
a moral imperative to account for the trustor’s values and
interests to the fact that one is being trusted? Similarly to
Stahl’s (2023) reasoning that a responsible ecosystem must
provide “an answer to the question of who is answerable
for the uses or consequences of the action of the system”, a
trustworthy ecosystem must provide an answer to the ques-
tion of who is worthy of the merit of trust within the sys-
tem, which—in turn—does not conceive of the ecosystem
as comparable to a human being.

Consequently, while our discussion will focus on the
ecosystem level, we will, wherever possible, comment on
what this might entail for individual entities as part of the
ecosystem. Our propositions are not meant to guarantee the
ecosystem-wide establishment of trustworthiness. Since we
have previously rejected the idea that trust can be generated,
we will instead propose mechanisms, governance structures
and action patterns that would facilitate that members from
within, or other stakeholders from outside the ecosystem,
form justified levels of trust towards entities of the eco-
system and—to some degree—towards the ecosystem as a
whole, based either on a rational choice or on motivation
attributions.

We structure our suggestions by discussing general gov-
ernance structures and then explicating specific means of
addressing ethical challenges and potentials through epis-
temic and methodological resources to be shared within an
ecosystem.

4.1 Ecosystem governance structures and reporting

As summarised by Minkkinen et al. (2021), EU documents
make wide-arching statements on, e.g., the sustainable devel-
opment goals and adopting a human rights approach as value
propositions congruent with global market dynamics and
competitiveness. We suggest that responsible and trustwor-
thy innovation ecosystems in Al for health connect to these
global goals but certainly need to provide a more detailed
account of what this should entail for actual socio-technical
innovations. We further propose that the idea of cooperation,
synergies and—in the style of the ecological origin of the
ecosystem metaphor (cf. Moore 1993)—symbioses inherent
to ecosystems is best supported by platforms. According to
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(Tsujimoto et al. 2018, p. 53), “platform ecosystems [...]
are composed of industry-wide networks based on complex
correlations between firms”. Gawer and Cusumano (2014)
define external platforms as “products, services, or technolo-
gies that act as a foundation upon which external innova-
tors, organised as an innovative business ecosystem, can
develop their own complementary products, technologies,
or services”, which matches our interests. In the following,
we will set out potential roles such as platform aspects of a
responsible and trustworthy innovation ecosystem in Al for
health can be adopted.

4.1.1 Linking local and global ecosystem levels

The maintenance of active connections, negotiations and
even socio-ethical deliberations between local (e.g., state
or regional) and global (e.g., European) ecosystem levels
requires governance structures and platform-based manage-
ment in addition to an assemblage of essentially separate
and predominantly business-oriented entities that are in part
symbiotic, part competing relationships with no clear gov-
ernance level (Tsujimoto et al. 2018). Such a platform-based
governance structure can support the formulation of a more
detailed, more domain-specific and local stakeholder-related
value proposition, which agents can find their personal goals
in alignment with and, hence, may eventually deem worthy
of their trust. For instance, concerning frictions between
data protection and continuous data acquisition and use, a
platform-based governance should propose and implement
oversight mechanisms, as well as acquisition, anonymisation
and security standards that alleviate some ethical concerns
while allowing the development of data-based algorithms
with proven usefulness (cf., e.g., Vayena & Blasimme 2018).
On the local level, such a platform aspect would gather expe-
rience with the complexities of data work (e.g., Berg and
Goorman 1999) specific to the local data generation and
storage modalities and aim to operationalise at least part of
the tacit knowledge (cf. Markus 2001) and regulatory exper-
tise necessary to put data to use. Such a governance structure
would also act as a relatable voice in the more global debate
while simultaneously delineating the ecosystem’s bounda-
ries to define whom it speaks for. Especially since, e.g., in
the long term, a bias-reduced medical Al cannot be based on
data acquisition approaches confined to particular localities,
data protection must first be guaranteed locally. However,
successful approaches will need active promotion to achieve
more global adoption.

4.1.2 Managing and facilitating stakeholder inclusion
and interaction

Governance structures and local platform aspects would also
maintain active exchange between societal, industrial and

academic players. Different platform aspects of a responsi-
ble and trustworthy innovation ecosystem should be com-
posed of actors from all of the above stakeholder groups.
These ecosystem platform aspects can be transparent contact
points with relatable and diverse individuals. They could
also function as organising entities for knowledge bases as
well as for the proactive identification, formation and main-
tenance of synergies. London (2022) has also discussed
knowledge bases in terms of data use and access as well
as joint development of standards. Here, we are more con-
cerned with ethically managing the stakeholder interaction
process. Aiming for stakeholder diversity and a sense of
power balance between them would support the legitimate
and proportionate allocation of resources, (largely) impartial
reporting, narration and advertisements of the ecosystem
performance and representation of interests. Local platform
aspects can become appropriate targets of the potential trust
that could form towards an ecosystem in a derived sense, i.e.,
in terms of their relatable key actors. Platform managers and
supervisory boards assume responsibility for the processes
geared towards assessing an accurate image of both aggre-
gate as well as more differentiated expectations towards the
ecosystem’s innovations.

4.1.3 Balancing cooperation With competition

A key task of the governance level and platform aspects
would consist of providing a balance between ecosystem
evolution as well as governed internal incentive structures
and ecosystem standards. For instance, a study by Martinho
et al. (2021) has shown that physicians both trust, but also
deeply distrust technology companies and demand regula-
tion. These sentiments have to be taken seriously, indicating
a balancing of the rational-choice and motivation-attributing
accounts with a tendency towards demands for providing
proof of the reliability of medical technology. In that regard,
an early adoption of standards on the ecosystem level by
providing platform-based guidance and incentives could
constitute a proactive stance towards regulation while align-
ing with the value sets of important stakeholders, such as
physicians.

Platform-level aspects of a responsible Al ecosys-
tem have to host, promote and contest shared epistemic
resources on issues such as regulation, ethics and col-
laboration. A cooperative advantage within an ecosystem
can consist in the ability to consult knowledge bases and
experts. Knowledge bases and tools that, e.g., provide
information on typical socio-ethical challenges as well
as potential socio-technical solutions (cf., e.g., Petersen
et al. 2022), facilitate a self-performed ethical reflection
(Ayling and Chapman 2022; Manzeschke 2015; Morley,
Floridi et al. 2021a, b; Reijers et al. 2016), which may
not only strengthen the ecosystem’s overall reputation but
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may spark fruitful competition. Explicit or implicit value
statements of medical technology providers are but one
form of differentiating products in competition. Providing
developers with the means to actually reflect on how they
can provide the medical technology that suits the users’
conception of good medical practice may turn out to be a
decisive factor for adoption (cf. Birch et al. 2022; Bjerring
and Busch 2021; McDougall 2019; Petkovic et al. 2020;
Verbeek 2006). In effect, allowing users to transparently
choose between solutions that best suit their values is an
attempt to realise the motivation-attributing account for
trustworthy socio-technical systems.

To avoid dogma or stagnation, especially in the moral
domain, guidance and expert knowledge should not compro-
mise any individual actors’ strive to surpass others’ ‘perfor-
mance’, as ethics is not a check-list, but rather an open-ended
endeavour (Rességuier and Rodrigues 2020).

4.1.4 Promoting a transparent reporting culture

Incentives could be set, e.g., for promoting the uptake of
a wide-arching reporting and project management culture
geared towards trustworthiness. In relation to epistemic
requirements, the ecosystems’ entities could demonstrate
competency and acknowledge current competence lim-
its by reporting on targets and achievements in terms of
improved health outcomes, the ethical values pursued and
the resources necessary, as well as even laying open business
models and development statuses. Reporting measurable
indicators could support individual actors in exhibiting jus-
tified reliance, while value statements and qualitative—but
verifiable—reporting on the ecosystems’ actors’ commit-
ment to these, would support justified motivation attribu-
tions. Reports should address all stakeholders from society,
industry and academia in ways adjusted to the respective
levels of expertise.

Systems engineering approaches to framing and contex-
tualising ethical requirements on, e.g., the business model,
stakeholder and implementation level (Gillespie 2019; Wal-
den et al. 2015) could help auditing and quality manage-
ment, at the very least to maintain consistency, but also in
terms of critical review. Developing companies could begin
by providing explicit mission and value statements, such
as the so-called responsible research and innovation vision
(RRI vision) mentioned in the responsibility-by-design
standard (CEN CWA 17796:2021 2021) and derived from
the RRI-PRISMA project on bringing RRI practice into the
industry (Porcari et al. 2019). Again, not only can stakehold-
ers check whether their personal motivations and goals align
they could also contest the vision statements themselves, or
adjust expectations by observing how well deeds and pro-
claimed motives of ecosystems’ actors match.
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4.2 Recognising and addressing ethical concerns
and potentials

Beyond reporting or governing for ethical alignment within
an ecosystem, we suggest that a platform approach to eco-
systems provides the conceptual framework to establish
activities that amount to a culture of trustworthy innova-
tion. Ethical governance has generally been recognised as
essential to trustworthy Al systems (e.g. Winfield and Jirotka
2018). Winfield & Jirotka, however, contend that public trust
is built on standards, safety verification and validation and
regulation alone. In contrast, Morley et al. (2021a, b) have
recently proposed the framework “ethics as a service” or
“platform as a service”, which—perhaps contrary to intui-
tion—is not about outsourcing ethical reflection and assess-
ment but rather about distributing ethical responsibility
within an ecosystem. We contend that this is a promising
avenue to promote trustworthy Al innovation.

4.2.1 Distributing ethical responsibility

A responsible and trustworthy innovation ecosystem in Al
for health should demonstrate the epistemic competence
to assess and address ethical issues as well as identify and
prioritise potentials. A platform structure can help to tune
the balance between devolved and centralised responsibility.

An issue with auditing is that the developing company
typically produces all data, while external auditors may
lack the resources to properly assess the data as well as the
mandate to also account for possible adverse future unin-
tended effects (Morley et al. 2021a, b). As a remedy, Morley
et al. suggest to distribute responsibility over multiple actors
(individuals and companies) in the ecosystem to alleviate the
dangers of a lack of accountability and ethics washing. More
specifically, they suggest an independent multi-disciplinary
ethics board, a collaboratively developed ethical code as well
as responsible Al practises internal to any company.

The ethics board would develop the ecosystem’s ethi-
cal code by managing a truly participatory and inclusive
discourse as well as triangulating discursive, empirical and
normative accounts of the ecosystem’s ethics. The code will
need to be updated on a regular basis, informed by prac-
tical insights and a continuous exchange of opinions. The
code will also need to be accompanied by a process that
facilitates its adoption at the company level. Morley et al.
(2021a, b) identify core tenets of such a process to con-
sist of contextualisation and translation: companies need to
identify the meaning of the principles of the ethical code in
the immediate context of their innovation themselves, while
also given guidance on effective tools (algorithms or socio-
technical practices) that allow to translate principles into
practice. That guidance, however, requires further translation
into practice that only the developing company can provide
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and document—for which it will ultimately also be account-
able for. We suggest, however, that the maintenance of a
shared knowledge base on factual and process expertise on
operationalisation should be the responsibility of a platform
aspect within the ecosystem, i.e., separate from the ethics
board, that works towards an active and shared—and vis-
ible—practice of ethical reflection and conduct.

Morley et al. (2021a, b) also suggest that the ethics board
should also conduct audits on ecosystem entities (compa-
nies), stressing the need for an independent actor that guar-
antees transparent and truthful reporting on process adher-
ence and contextually and ethically justifiable conduct and
outcomes. In our view, we would rather consider the plat-
form aspects that work towards responsible and trustworthy
Al within the ecosystems as synergistic actors, working in
close collaboration with the companies on shared epistemic
resources. We therefore propose that audits—even on inter-
nal responsible innovation practices—be carried out by an
entity fully independent from the ecosystem and platform
aspects.

4.2.2 Platform aspect supporting responsible innovation
conduct

The principles-to-practise gap in Al ethics is widely
accepted to be real (e.g., Floridi 2019b; Hallensleben et al.
2020; Ibanez and Olmeda 2022; Morley et al. 2021a, b;
Schiff et al. 2020). Principles are often deemed to be too
vague, lacking specific guidance. As described above, one
way to address this is to demand increasing contextualisa-
tion as the discussion moves from ecosystem-wide ethical
code to concrete implementation within a product develop-
ment process. However, even then, Morley et al. identify at
least three remaining problems: (i) during the use of trans-
lational tools, the implicit or explicit understanding of an
ethical principle is not validated against the understanding(s)
dominant in society, (ii) translational tools may only diag-
nose ethical issues but do not offer support for remedies
or assigning responsibilities, and (iii) translational tools are
geared towards compliance tests, as opposed to establishing
a regular culture of responsible development conduct.

We contend that this assessment of challenges in trans-
lating responsible Al into practice is intimately linked to
the epistemic and moral requirements of trustworthiness:
(i) validating the understanding of an ethical principle in
general and within a specific context (such as medicine
or even some medical specialisation such as oncology)
is paramount for an ecosystem entity to assess motiva-
tion attributions and exhibit trust-responsiveness, (ii) if
Al ethics tools lack support for an appropriate problem-
solving competence, they do not help in meeting the epis-
temic requirement and (iii) while compliance tests are an

essential ingredient to communicating trustworthiness,
only a true cultural shift would provide justifiable grounds
for others to make themselves vulnerable by exhibiting
trust.

An ecosystem’s responsible innovation platform aspect
could try to mitigate all three of these issues:

e Research: A platform aspect could aggregate and
conduct research on domain- and actor-specific under-
standings of ethical principles, priorities and (chang-
ing) attitudes. Such research can be conducted both
theoretically and empirically, as well as locally as well
as more globally. Accordingly, similar platform aspects
and actors on the local and global level can benefit
from each other’s research, such that, e.g., insights
on other cultures can facilitate a more global market
reach. However, surveys involving, e.g., local physi-
cians, practices and patients would also more directly
speak to developing within the local ecosystem and
vice versa.

¢ Operationalisation: A platform aspect could also pro-
vide personnel to aggregate and conduct research on
practical solutions for ethical issues, as well as to sup-
port during the actual and specific operationalisation
attempts. This could—at times—amount to embedding
an ethicist within a development team (e.g., McLen-
nan et al. 2020) or further include an external ethics
consultant (Blank et al. 2024) to aid in identifying and
mitigating a particular set of ethical issues, conduct
highly contextualised qualitative research or surveys on
stakeholder preferences as well as triangulations with
normative ethical requirements. In other instances, a
mere networking function of the platform aspect could
suffice, connecting developers between companies will-
ing to share expertise on how to translate ethics into
practice.

e Strategic Planning: A platform aspect’s further func-
tion could consist of supporting the strategic develop-
ment of action plans for addressing ethical challenges.
This implies that the strategic importance must also
be advertised on the platform level, ideally supported
by evidence and “user stories” on the return of invest-
ments, success stories, or stories on potential disas-
ters averted. For instance, the responsibility-by-design
standard (CEN CWA 17796:2021, 2021) provides an
appealing process by which companies and develop-
ment teams can formulate their ethical vision, identify
potential drivers and challenges, risks and barriers, as
well as draw up a roadmap with concrete action plans
and responsibilities. In linking responsible innovation
conduct with a contextualised principle-based vision,
responsible and trustworthy Al development is proce-
duralised in a quality assurance-like framework.
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Fig. 1 Illustration of the
platform-based governance
components of the KI-Med
ecosystem

Responsible
Innovation
Platform
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4.2.3 Culture of self-reflection

A brief comment on institutionalizing or—at least—contrib-
uting to the ecosystem’s self-reflective abilities is in order.
Perhaps as part of a responsible innovation platform aspect,
but possibly also as a general board of actors committed
to critical revision, a trustworthy innovation ecosystem
should engage in continuously questioning its conduct. For
instance, in ethically-salient areas, where research is still
advancing, actions should be promoted that add to possi-
bilities to revise, monitor and provide long-term evaluations
of implementations and (semi-)standardized conduct. For
instance, fairness metrics may be deployed—even under
consultation with diverse stakeholders—that would appear
as insufficient after continued scrutiny. Data-driven methods
to identify biases may turn out to be prone to statistical arti-
facts of fairness criteria. Current questions of whether or not
to include demographics in data to avoid unwanted biases
may find improved answers over time (Petersen et al. 2023).
Self-reflection and -revision of actors, platform processes
and governance policies can add to critical evaluations and
corresponding counteractions to maintain integrity.

We have now set out theoretical ideas on what factors
could support a responsible and trustworthy innovation eco-
system in Al for health. We will commence by sketching the
case of the KI-Med ecosystem.

5 Future work: the case of the Northern
German KI-Med ecosystem

Finally, we illustrate our conceptual argument by describ-
ing the initiation of one particular Al ecosystem. We first
describe its current structure and will later move to critically
discuss its current implementation as well as future avenues
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for more closely attaining all possible merits of a trustworthy
Al ecosystem. !

The KI-Med ecosystem has emerged from a large third-
party-funded consortium project for translating Al research
into medical applications, originally titled KI-SIGS, which
is a German acronym that translates into “Al Spaces for
Intelligent Health Systems”. As Fig. 1 illustrates, besides
ecosystem management, the project implemented four core
platform aspects: the collaboration platform providing inter-
nal and external means of communication and exchange;
the technology platform providing reusable Al solutions;
the regulation platform providing support for the eventual
regulatory approval of products and the responsible innova-
tion platform. We will focus on the latter and comment on
platform interaction when appropriate.

Figure 2 depicts an UML-inspired diagram of the eco-
system structure including the platform-based management,
the platform aspects, external stakeholders and translational
research projects—all complete with a coarse description of
properties and functions.

5.1 Theresponsible innovation platform

Part of the ongoing practice of the so-called responsible
innovation platform (henceforth abbreviated as RI-P) aspect
at the KI-Med ecosystem, in general, can be represented
as strategic, operative and subsidiary support for innova-
tors active in translatory efforts from Al-based research into
medical practice as illustrated in Fig. 3.

On the operative level, the RI-P supports research teams
explicitly addressing ethical, legal and societal aspects
(ELSA) within the development context, such as Al

I KI-MED is the German name for a Northern German ecosystem,
composed of the German acronym for artificial intelligence (AI),
Kiinstliche Intelligenz (KI), and its abbreviated domain of applica-
tion, medicine (Med).
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Fig.2 UML-inspired Diagram of the Ecosystem Structure. Fields are
separated into three parts (title, properties, functions). Interconnec-
tions are arrows (denotes ‘uses support of and contributes to’), or dia-
monds (denotes ‘is part of”). The initial third-party funded ecosystem
consisted of nine translational research projects (not all are shown)
typically composed of at least one research and an industry partner.

explainability or algorithmic biases. Support during prob-
lem formulation and evaluation, task definitions and even
algorithm selection may be offered as an ethicist is embed-
ded into the development team (Blank et al. 2024). The
RI-P supervised work on surveying potential technologi-
cal solutions to both ethical and regulatory challenges and
compiled as a significant collaborative endeavour within the
Al ecosystem in collaboration with the regulation platform
(Petersen et al. 2022).

Further external stakeholders (physicians, health institutions like hos-
pitals, etc.) were typically involved. Platform aspects were offerings,
but—apart from the collaboration platform—it was not mandatory to
make use of them. Grey dashed lines indicate connections that pro-
posals in this contribution are addressing to strengthen

On a strategic level, the RI-P ventures to support research
teams in identifying and reflecting upon the major ethi-
cal challenges. According to the responsibility-by-design
approach (CEN CWA 17796:2021, 2021), RI-P members
worked with one of the nine translational research project
teams to plan and map actions onto ethical issues for mitiga-
tion within a so-called RRI roadmap (Blank et al. 2024). The
process offered both a sensitising and participatory way of
encouraging ethical reflection within the development team
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Fig.3 Strategic, operative and
subsidiary support functions
of the responsible innovation

platform
Strategic Support for Establishing
a Common Responsibility-by-Design
Standard

Responsible Innovation
Platform

and increasing the team’s ability to strategically allocate and
plan for resources to address potential issues. Simultane-
ously, an ethical vision is developed, potentially refined and
reflected upon during the inclusive process. In addition, the
positive ethical potential of the innovation is highlighted and
more clearly communicated. While exemplified as a process
on a single project, the responsibility-by-design standard is
supposed to be adopted on a wider scale throughout the
ecosystem.

On a subsidiary level, the RI-P contributes to, collects, or
initiates the production of tools for the independent analysis
of ethical challenges by the research and development teams.
Tools, such as the “ethics canvas” (Reijers et al. 2016), are
proposed for integration on a procedural level. In addition,
the RI-P has also worked on a primer meant to sensitise
researchers to the significance, implications, and potential
remedies of a range of ethical issues and principles, which
can be used as a reference by developers. The primer is
tailored to the needs of the local Al-based medical inno-
vation ecosystem, which have been assessed in workshops
beforehand.

The KI-Med ecosystem—as the follow-up to the
BMWK?-funded KI-SIGS consortium project—is still in
its infancy. Consequently, its corresponding commitment
towards implementing responsible Al is still growing. While
the RI-P is supported by theoretical research, such as on the
epistemological and ethical utility of explicable medical Al
(Herzog 2022a, b), it still lacks the resources to produce
empirical insights, particularly into the ethical perception

2 Bundesministerium fiir Wirtschaft und Klimaschutz — Federal
Ministry for Economic Affairs and Climate Action.
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Operative Support for Tackling
Specific Ethical Challenges

of the groups of patients and physicians. In the following
discussion, we will delve deeper into how the current imple-
mentation of the KI-Med ecosystem compares with our theo-
retical demands on responsible and trustworthy innovation
ecosystems in Al for health.

6 Discussion

We conclude by discussing future avenues to develop the
KI-Med ecosystem into a responsible and trustworthy inno-
vation ecosystem in Al for health according to the above-
mentioned tenets. We will also comment on the practicality
and challenges for this to happen. We do not claim that the
above or the following activities and governance perspec-
tives guarantee that the ecosystem architecture will indeed
lead to increased trust. After all, even if the ecosystem
proves itself to be facilitating trustworthy innovation, it
may well not lead to actual perceived trust, even though it
may be warranted. On the other hand, untrustworthy socio-
technological solutions should not be ennobled by ecosystem
activities geared towards increasing trust. Rather, ecosystem
governance should encourage, maintain, perhaps control,
and definitely make.

6.1 Linking local and global ecosystem levels

The consortium project has established a clear platform
structure with properly defined responsibilities. However,
whether each platform aspect can continue to assume the
responsibilities remains a question of appropriate funding.
As the KI-Med ecosystem is emerging from the consortium
through decentralised funding and various funding agencies,
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a coherent maintenance of the ecosystem governance struc-
ture is not guaranteed. Reminiscent of an assemblage
(Buchanan 2021; Nail 2017), actors sustaining the former
platform aspects are heterogeneous, consisting of particular
individuals, technological artefacts, core ideas as well as
companies or research groups close to the subject matter.
Such a fragile, even volatile, transition constitutes risks for
the establishment of trustworthiness but also opportunities
for new actors subscribing to responsible innovation.

6.2 Managing and facilitating stakeholder inclusion
and interaction

Within the transitional stage between third-party-funded
projects and emerging ecosystem, the platform aspects
largely depend on academia. However, the inclusion of fur-
ther societal actors is desirable to support trustworthiness.
For instance, an ecosystem-wide ethics board should include
stakeholders from industry, academia, politics, medical per-
sonnel, and society at large. On the other hand, while close
academic ties to the ecosystem’s platforms may be advanta-
geous, their conduct need not follow the incentives and logic
of the academic domain. An ecosystem can benefit from
technological, collaboration and responsible innovation plat-
form aspects whose main aim is to support the societal and
economic players of the ecosystem. Clearly, societal actors
may even be opposed to particular technological interven-
tions or even general technological streams, such as Al It
is important to engage with stakeholder groups rejecting
essential aspects that the ecosystem nurtures, understand
the origins and reasons for rejection and take these seriously.

6.3 Balancing cooperation with competition

Within the current KI-Med ecosystem structure, internal
incentive structures are gravely underdeveloped. Setting out
the right incentives for engaging with the cooperative modes
offered by, e.g., the RI-P is paramount to adopting trustwor-
thy innovation processes. Part of the burden also lies with
the platform aspect itself, which should offer a comprehen-
sive package of guidance and ethical reflection processes,
clearly advertised from success stories as part of the shared
knowledge base. When connecting with global movements,
such as responsible innovation indices (cf. Nazarko 2020)
or the responsibility-by-design standard, competition can be
spurred within the ecosystem while providing grounds for a
competitive advantage as a trustworthy ecosystem.

6.4 Promoting a transparent reporting culture
Regular conferences and project reports, particularly on

responsible innovation conduct, have been held within the
KI-SIGS consortium project duration, and it appears that

this kind of practice will be sustained by a group of indi-
viduals, academic research groups and industrial sponsors
within the KI-Med ecosystem. Though the RI-P has always
been prominently featured in the yearly conferences, report-
ing standards that address a wide range of stakeholders and
levels of expertise have not been established beyond the
requirements of the funding program. Such a reporting cul-
ture could be featured within an ecosystem-wide code of
ethics to which individual ecosystem players can adhere.

6.5 Distributing ethical responsibility

During its project duration, the consortium has not produced
a clear value proposition developed from within the eco-
system in a participatory way that all relevant actors have
subscribed to. Even though they may not be a far cry from
a proposition that could result from such a process, the
current values advertised by the project leaders have been
derived in a top-down fashion. Accordingly, the emerging
KI-Med ecosystem needs an inclusive process of determin-
ing and regularly updating a common ethical vision and an
ethics board that is representative and diverse to support its
trustworthiness.

6.6 Platform aspect supporting responsible
innovation conduct

While the RI-P has succeeded in test-driving the three
aspects of subsidiary, operational and strategic support
for responsible innovation, its resources were insufficient
to conduct some—or all—of the additional tasks we have
outlined above. For instance, research on particular patient
and physician preferences relevant to specific innovation
projects has been planned, but could not be supported, let
alone carried out, by the RI-P on a platform level. However,
this kind of empirical work—and supporting it—has been
shown to be a highly relevant but sometimes neglected part
of the innovation work.

The RI-P has, however, been able to carry out research on
expectations, preferences and expertise (concerning ethics)
of the Al developers of the ecosystem to be able to adjust
for the most promising tools to be devised for the subsidi-
ary support in the ethical reflection of Al-based innovation
in health.

By way of supporting the early adoption of the responsi-
bility-by-design standard in one of the translational research
projects within the consortium, it became clear that (i) a
consensual RRI vision and (ii) acknowledging the epis-
temic deficits in tackling RRI challenges and allocating the
proper resources for remedies would contribute to increased
trustworthiness within the frame of a single innovation
project. Setting this as a responsible innovation standard
to be followed by many innovators within the ecosystem
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would contribute to the trustworthiness of the ecosystem
as a whole. However, additional ecosystem-level incentive
structures are lacking, and additional resources for guiding
through such processes still need to be accounted for. It also
remains unclear how the ethical implementation of an algo-
rithm can be continuously monitored, whether the ecosys-
tem’s governance can ensure this, and whether a company
could be incentivised to spend the resources to do so.

6.7 Balancing institutional efforts
with decentralized activities

In light of efforts to bring unity into activities that contrib-
ute to trustworthiness overall, care must be taken to avoid
interference with and disruption of existing and effective
trust dynamics. Actions of the larger ecosystem might be
misunderstood or single failures, e.g., to provide transpar-
ency, may impair the ecosystem’s overall reputation. It may
turn out difficult to only engage in ecosystem-wide activities
that supplement, rather than substitute working and entirely
local trust relationships. The ecosystem should not create
the illusion of unity out of motivations for better visibility
or even marketing. Consequently, ecosystem governance
should distribute responsibilities to the point that local car-
egivers own much of the direct interpersonal responsibilities
while being backed up just enough such that they can rely on
the technological instruments they use and be able to trust
the technology providers, maintenance personnel, etc. This
makes it clear that the trust relationships should not simply
always target the patients as the final trustee, but rather that
the relationships are hierarchical and aligned with responsi-
bilities and the capacities to take over responsibility.

One cannot expect and want all stakeholders to con-
ceive and recognize the ecosystem as a consistent whole.
The whole point of reflecting upon institutional and non-
institutional activities that actors within the ecosystem can
do to contribute to its overall trustworthiness is to guide
practitioners to choose from a wide range of possible actions
that acknowledges and caters to the diverse stakeholders.

7 Limitations

Since we have mainly adopted the innovation ecosystem
perspective offered by Stahl (2022), this paper suffers from
a similar limitation as many of our propositions of think-
ing about innovation ecosystems and supporting their being
declared trustworthy is not based on empirical evidence.
Consequently, our exposition cannot provide proof that our
concepts, or the concepts that we adopt, will prove produc-
tive in the sense of any kind of formally verifiable guarantee
that trust relationships ensue. In fact, our work may even be
only an initial step towards truly trustworthy ecosystems,
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because our arguments are thus that—under the constraints
of the conceptualization of trustworthy technology as per
Rieder et al. (2020) and Nickel et al. (2010)—trustworthi-
ness of entities operating within the ecosystem may be plau-
sibly increased (in the sense of being more likely). To speak
of the entire ecosystem as trustworthy may, hence, be wrong.
It may also not be possible to prove that the entire ecosystem
is trustworthy. This, however, is also not the point of our
contribution, as we seek to add to the discussions on ecosys-
tem governance strategies that promote trustworthy conduct
by building on Rieder’s and Nickel’s notion of trustworthy
technology. We believe that the notion of trustworthiness
that we have adopted here prompts new ideas in that regard.
This does not foreclose that even more refined conceptuali-
sations of trustworthiness may yield yet additional insights,
or even that competing philosophies of trust (e.g., Ferrario
et al. 2021) may demand entirely different approaches or can
do without some of our proposed ones. It is thus, that we
have not engaged in a full defense of the rational choice and
motivation-attributing accounts as the only possible frame-
work for conceptualizing trust. Rather, we have aimed to
show its merits in medicine and in deriving plausible eco-
system governance strategies from it.

Another limitation of our contribution is that we do not
engage with potential existential risks posed by (increas-
ingly) autonomous Al as visibly discussed by notable fig-
ures like Yoshua Bengio, Geoffrey Hinton, Stuart Russell,
Daniela Kahneman and others (Bengio et al. 2024). We
believe that seriously engaging with governance structures
of ecosystems that can provide guarantees that these kinds
of harms are prevented is highly laudable and warrants a
dedicated article (possibly more than one).

8 Conclusion

In this article, we have explored tenets that would constitute
a responsible and trustworthy innovation ecosystem in Al
for health. We have drawn on philosophical accounts of trust
and the epistemic and moral requirements for trustworthi-
ness first to discuss their significance in the medical domain.
We have then applied these ideas to the ecosystem idea, for
which we propose a platform-based governance structure
that implements subsidiary, operational and strategic sup-
port functions, establishes a shared epistemic basis and con-
nects to higher-order ecosystem structures on the national
or global level. Finally, we have provided a closer look at
one particular emerging medical Al ecosystem in Northern
Germany and commented on its achievements and future
potential to constitute a responsible and trustworthy innova-
tion ecosystem.

We wanted to answer the research question: What consti-
tutes a responsible Al ecosystem that can promote justifiable
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trustworthiness in a healthcare environment? The answer
to this question is not straightforward. We have shown that
it calls for ecosystem governance structures and reporting
processes that reflect the complexity of the ecosystem. This
implies that different levels of ecosystems, from the local
to the global level, are appropriately linked. Stakeholders
and members of ecosystems need to be included and sup-
ported in productive interaction. There needs to be a balance
between cooperation and competition within individual sub-
systems and between such subsystems. A core requirement
is to establish transparency through an appropriate reporting
culture. In addition, the various ethical concerns need to be
recognised and addressed, which calls for distributing ethical
responsibilities, which can be strengthened by introducing
platform aspects into the ecosystem.

While these responses to our research question are a
synthesis of ideas drawn from the literature and interpreted
as helpful contributions to the responsible and trustwor-
thy ecosystem concept, we have shown their practical rel-
evance using the example of a real-life Al health ecosystem
in Northern Germany. The example gives credibility to our
claims but also shows that this work is only just beginning.
We believe that the conceptual foundations we have provided
here are a sound basis for more in-depth studies of our exam-
ple case but also for other Al ecosystems.
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