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Abstract

The rise of artificial intelligence (AI) has brought a surge of ethical concerns, prompting numerous public and private
organizations to publish high-level ethical guidelines. However, there remains a pressing need to explore practical ways to help
Al developers anticipate, recognize, and address ethical challenges in Al systems. This is particularly critical in healthcare,
where Al applications frequently interact directly with patients who may be in vulnerable states. This paper proposes an
‘embedded ethics’ approach, in which ethicists collaborate closely with developers throughout an iterative and continuous
development process, as a potential method for integrating robust ethical considerations into the practical design and deployment

of medical Al
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Introduction

Advances in computing power, the availability of
extensive digital datasets, and the creation of
sophisticated algorithms have generated substantial
opportunities for Al and its subfields, including machine
learning, natural language processing, and robotics. Al
technologies are already prevalent in daily life, and their
influence on society and the economy is expected to grow
significantly [1, 2].

Despite the potential benefits, Al raises numerous ethical
concerns, including issues related to privacy, data
protection, explainability, data bias,
accountability, and the societal impacts of automation,
among others [3-5]. These challenges have fueled the
rapid emergence of “Al Ethics” initiatives aimed at

transparency,
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ensuring that Al is developed and implemented
responsibly. A recent scoping review found 84
publications issuing ethical principles or guidelines for
Al, produced by a wide array of organizations [6].
Analyses of these documents reveal a convergence
around principles similar to traditional medical ethics,
such as beneficence, non-maleficence, transparency,
justice, and responsibility [6-8]. While these foundational
principles are helpful in guiding biomedical research and
clinical practice, it remains uncertain how effectively
high-level ethical guidelines can inform the technical
development of Al. Some scholars argue that relying
solely on these principles may be ineffective [9], or may
even serve as a strategic attempt by the tech industry to
avoid enforceable regulation [10, 11].

In the absence of binding legal frameworks, Al
developers are largely responsible for interpreting high-
level ethical principles as they see fit [9]. Even where
regulations exist, complex ethical dilemmas often
remain, similar to clinical ethics, where legal guidance
can direct conduct but cannot resolve all moral questions.
Although many technology companies are genuinely
interested in addressing Al ethics [12], most developers


https://doi.org/10.51847/sEFn97X9zz

171

Asian J Ethics Health Med, 2024, 4:171-180

Malik et al.

lack the training necessary to operationalize abstract
ethical principles. Developers come from diverse
professional backgrounds, typically without formal
ethics education, while few ethicists are employed in tech
settings, and there is limited culture of practical
collaboration between these fields.

To address this gap, initiatives have sought to enhance
the ethical awareness of technical teams. For instance,
Floridi and Strait note that many technology companies
now employ “ethical foresight analysis” to anticipate
potential ethical issues and assess the impacts of specific
technologies [13]. Additionally, leading
universities and research institutions have incorporated
ethics into technical curricula to cultivate developers’
capacities for ethical reasoning and awareness [14, 15].
Nonetheless, fully mastering the application of ethical
principles to complex, issues requires
extensive training and a diverse methodological toolkit.
Without substantial transformation of educational
programs and corporate training, it is unrealistic to expect
all developers to independently identify and address the
ethical challenges posed by the Al systems they create.

several

real-world

The need for improved integration of ethics in medical
Al development
Governments worldwide continue to struggle with
regulating Al technologies [16], highlighting the
importance of providing practical support to Al
developers in identifying ethical challenges and
determining how to address them. While the necessity of
ethical guidance applies across a wide spectrum of Al
applications—from smartphone apps to self-driving
vehicles and autonomous weapons—the high-stakes
nature of healthcare makes it particularly crucial to
embed ethics within medical AI development.
Nevertheless, the broader concerns around ethics in
technology, and the framework we propose here, are
applicable across multiple domains.
Al is anticipated to revolutionize healthcare [17, 18]. By
leveraging extensive clinical datasets, medical Al
systems can enhance a variety of functions, including
diagnosis, clinical decision-making, personalized
treatment,  research, drug  development, and
administrative operations [19-24]. Certain medical Al
tools also utilize “embodied AIl,” which interact with
patients and their surroundings through physical forms,
such as intelligent robotic assistants or smart prosthetics
[25-28]. These applications hold the potential to improve
care quality and efficiency, reduce costs, expand access

to underserved populations, and alleviate pressures on
overburdened healthcare systems [29-31].

However, medical Al can pose significant risks when
interacting with patients in vulnerable states, including
those with diminished health or decision-making
capacity, potentially threatening patient preferences,
safety, and privacy [32]. Studies indicate that some
medical Al systems are developed without explicit
ethical considerations, and a persistent gap exists
between Al development and successful integration into
clinical practice [29, 33, 34]. Rapid deployment of these
tools can leave patients as “unwitting guinea pigs,” as
medical Al often lacks the rigorous testing applied to
other medical devices [35]. Such shortcomings have
already resulted in serious errors, including algorithms
affecting millions of patients that
significant racial bias [36]. Ethical considerations made
during the design and development stages fundamentally
shape the final product’s form and functionality.

demonstrated

Therefore, robust ethical evaluation must occur well
before clinical testing and deployment. As Al becomes
increasingly integrated into healthcare, a multi-layered
approach—incorporating mechanisms for translating
ethical principles into Al systems and supporting
“bottom-up” Al ethics—is likely to be most effective [1,
9].

Ethics and technology development
divergent cultural approaches. Ethics tends to explore
issues through analogies and thought experiments,
whereas technical fields emphasize concrete cases and
actionable results. Ethical analysis can be time-intensive,
while technology development is generally guided by
efficiency and practical constraints. Given these
differences, and the reality that AI developers are
unlikely to become ethics experts, we argue that the
recently proposed ‘embedded ethics’ approach offers a
promising strategy for integrating comprehensive ethical
considerations into the development of medical AI [37].

often reflect

Embedded ethics

“Embedded ethics” has been used in past work to
describe involving philosophers in computer science or
data science education, as well as programming ethical
principles directly into Al systems to guide algorithmic
behavior [14, 38, 39]. Here, we expand the concept to
encompass a continuous, iterative integration of ethics
throughout the entire Al development lifecycle,
transforming ethical reflection into a fully collaborative,

interdisciplinary process. While this approach aligns in
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some ways with socio-technical frameworks like the defining elements of embedded ethics, including its
Responsible Research and Innovation (RRI), it also  objectives, methods of incorporation, typical practices,
differs in key aspects. In the sections below, we outline  and the knowledge and training required (Table 1).

Table 1. Summary of guidance

Domain Guidance

1. The purpose of embedded ethics is to foresee, recognize, and address ethical challenges that emerge
throughout the development of medical Al
2. Embedded ethics should engage collaboratively with the development team, addressing ethical concerns
through an ongoing, iterative process.

Aims

3. Embedded ethics should be integrated through regular interactions—formal or informal—between ethicists

Integration .
g and technical team members.

4. The ethical frameworks applied should be clearly articulated and transparent.
5. The rationale for selected frameworks and ethical positions should be justified in relation to specific project
objectives.
6. The team’s decision-making process should be defined and communicated at the outset of the project.
7. Embedded ethics should explore approaches to maintain transparency of ethical analyses during Al
development, while respecting confidentiality and intellectual property constraints.

Practice

8. Effective embedded ethics requires proficiency in ethical analysis within practical contexts, along with a
foundational understanding of the relevant Al technology and its clinical application.
9. Projects should provide opportunities before and during development for participants to gain the necessary
knowledge and skills to practice embedded ethics effectively.

Expertise
and
Training

Aims planning and ethics approval to design, programming,
The primary goal of an embedded ethics approach is to  piloting, testing, and eventual implementation.
support the development of medical Al technologies that ~ Positioning ethicists throughout the development
are ethically responsible and socially beneficial, ensuring  lifecycle also has the potential to advance scholarship
that these technologies serve people without causing that anticipates, rather than merely reacts to, the ethical
harm. To achieve this, ethical considerations are and social tensions arising from medical Al applications.
incorporated into every stage of development—from
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An “ethical issue” encompasses areas of uncertainty or
disagreement—whether within the development team,
the literature, or society at large—about the appropriate
course of action or the interpretation of ethical principles
in relation to a medical Al technology [40]. Common
examples include clarifying the goals of a device and its
intended beneficiaries, identifying potential risks and
harms and determining how these can be mitigated
through software or hardware adjustments, addressing
algorithm-specific concerns such as data biases and the
need for explainability, evaluating the implications of
physical embodiments like robotic interfaces, and
considering longer-term societal consequences, such as
labor displacement versus improvements in safety and
efficiency.
Embedded
collaboration between ethicists and developers to address
these concerns, drawing on approaches such as clinical
ethics advisory in hospitals [41] or ethical, legal, and
social aspects (ELSA) research in biomedical settings
[42]. As development proceeds, previously unforeseen
issues are likely to emerge, requiring ad hoc analyses and
recommendations formulated through direct observation
and consultation with developers and stakeholders. In
this way, embedded ethics promotes transparency
regarding uncertainties or disagreements and contributes
diverse, ethically defensible options for addressing
pressing challenges.

In its objectives, embedded ethics bears resemblance to
socio-technical frameworks like Responsible Research
and Innovation (RRI) [43-47]. Both emphasize early
consideration of potential impacts, inclusion of multiple
stakeholder perspectives, and broad reflection on
emerging technologies. However, important distinctions
exist. First, RRI largely emphasizes governance and
policy, aiming to improve anticipation, reflexivity,
inclusion, responsiveness institutional
frameworks [48]. In contrast, embedded ethics works
directly with developers to identify ethical considerations
from the bottom up, without attempting to control or
govern technological development. This approach fosters
open, collaborative interdisciplinary dialogue.

Second, while RRI is sometimes linked to a
precautionary principle and often seeks to ensure that
innovations are ethically acceptable and marketable [45,
49], embedded ethics deliberately separates ethical
integration from concerns about product acceptance or
marketability. Combining these aims can risk “ethics
washing” [50, 51]. While developers naturally desire

ethics involves ongoing, iterative

and within

their technologies to be accepted and usable, embedded
ethics prioritizes identifying and addressing ethical issues
independently of assumptions that the technology itself
is the optimal solution to societal challenges.

Integration

The implementation of an embedded ethics approach can
take several forms depending on the project’s context and
available Ideally, the most effective
integration involves having one or more ethicists
embedded as permanent members of the development
team. In this setup, collaboration is maintained through
frequent interactions—both formal and informal—
between ethicists and technical team members. A notable

resources.

example of this model can be seen in genomics research,
where Jeantine Lunshof has acted as an embedded
ethicist at Harvard’s Wyss Institute for Biologically
Inspired Engineering, engaging in regular lab meetings,
co-authoring publications, and contributing to protocol
development for ongoing research [52].

When embedding an ethicist full-time is not feasible due
to resource limitations, an alternative is to have ethicists
join development meetings on a regular basis, either in
person or via digital communication platforms.
Crucially, these scheduled
consistently from the start of the project rather than being
invoked only when ethical dilemmas or social conflicts
arise. Sporadic or reactive involvement risks overlooking
ethical concerns and undermines the development of
genuine ethical awareness and critical reasoning within
the team. Development teams should avoid consulting
ethicists solely in response to identified harms or external
pressures, as this compromises the authentic integration
of ethical reflection into the development process.

In many projects, a single embedded ethicist may suffice,
but larger initiatives—especially those involving
multiple organizations—may require a team of ethicists.
Regardless of scale, a clear protocol should be
established at the outset, outlining the logistics of
engagement, including frequency, timing, participants,
and methods of interaction. Periodic evaluation and
reflection on this process are also essential to ensure its
effectiveness and to identify opportunities for

interactions must be

improvement.

Practice

The integration of ethics into Al development should
involve a clear and rigorous normative evaluation of the
issues that emerge throughout the development process.
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This entails elucidating and clarifying complex ethical
challenges to facilitate a deeper understanding of them,
as well as applying ethical reasoning to defend or critique
a specific position or course of action [40]. Currently,
there is no wuniversally accepted framework or
standardized methodology for Al ethics. Employing a
variety of ethical perspectives is common across most
areas of applied ethics and can help highlight diverse
viewpoints. While embedded ethics should not dictate a
prescriptive method for analyzing medical Al ethically,
it is essential to ensure transparency and justification.
Specifically, embedded ethicists should (1) clearly state
the theoretical ethical frameworks guiding their
normative analysis and (2) justify why these frameworks
are appropriate for achieving the project’s objectives
[40]. Regardless of the chosen analytical approach,
embedded ethics should involve explicitly articulating
the nature of the identified ethical issues and situating
them within existing literature addressing similar or
comparable concerns [40]. Although literature may be
limited on newly emerging issues, drawing on previous
discussions in related areas can often inform the team’s
normative reasoning.

Ideally, embedding ethics entails the involvement of
ethicists throughout the entire development process, from
early planning, design, and programming stages to
supporting the regulatory pathway when developments
advance—for instance, by facilitating meaningful
compliance with ethical review boards and established
guidelines. At each stage, potential ethical challenges
should be collaboratively analyzed and addressed,
seeking joint solutions. For this process to be effective,
the team’s decision-making structure and allocation of
responsibility must be clearly defined from the outset.
This may follow a clinical ethics model, where ultimate
responsibility for development decisions remains with
the lead developer, or it could adopt a more horizontally
distributed decision-making approach [37].
Nevertheless, due to the substantial financial investments
in Al healthcare technologies, embedded ethicists often
operate with significant power
imbalances. Such hierarchies may risk critical decisions
being made without fully considering ethical dimensions
or allowing decision-makers to evade accountability.
Conversely, there is industry concern that ethics
considerations could hinder development. To mitigate
decision-making conflicts and other tensions among
stakeholders, a structured process for

in environments

resolving

disagreements between developers and ethicists should
be established.

Similar to other members of the development team,
embedded ethicists must adhere to confidentiality and
intellectual property rules. This requirement can create
tension, given that embedded promotes
transparency in decision-making and ethical evaluation.
Nonetheless, an embedded ethics framework should
explore how transparency in reporting the analytic
processes behind Al healthcare technology development
can be achieved within these constraints. Ideally, such
reporting would document the primary ethical issues
identified and addressed, the theoretical frameworks
applied, the reasoning behind the chosen course of action,
any relevant disagreements, and unresolved matters. This
documentation would not only advance the practice of
embedded ethics but also contribute to the broader

ethics

technological field by enabling learning, debate, and the
creation of additional embedded ethics literature and case
studies.

Expertise and training

Embedded ethicists involved in medical Al development
should have solid expertise in ethical analysis. This may
include not only graduates from dedicated ethics
programs but also researchers trained in social sciences
and humanities disciplines that examine ethical issues in
science, technology, and medicine, such as medical
ethics, science and technology studies, sociology,
anthropology, or philosophy of science. In addition to
ethical expertise, embedded ethicists need domain-
specific knowledge of the particular technology they are
engaging with. Similar to clinical ethicists, who must
understand the nuances of clinical contexts, embedded
ethicists require relevant technical knowledge and skills
to effectively contribute to an Al project. While the
specific requirements will vary by project, in the context
of Al in healthcare, this typically involves a foundational
understanding of machine learning principles, robotic
design, and the clinical setting in which the technology
will be applied. Early adopters of embedded ethics likely
already possess such foundational knowledge from prior
involvement in the field. Nevertheless, opportunities
should be made available both prior to and during
projects to allow participants to gain relevant skills and
knowledge—for  example, through dual-training
programs or internships—particularly for junior
researchers. In the longer term, developing training
modules that build interdisciplinary foundational
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knowledge will be important; these could be incorporated
into emerging interdisciplinary courses and curricula at
universities and research institutions.

The merits of embedding ethics in medical Al

Although embedded ethics as an interdisciplinary,
collaborative approach to Al is still emerging in both
academic and industry settings, it holds strong potential
to ensure that robust ethical considerations are
incorporated into medical Al development. This section
highlights three principal advantages of embedding
ethics in medical Al: addressing the unique nature of
medical Al, mitigating limitations of traditional medical
ethics principles, and addressing current regulatory gaps.

Addressing the uniqueness of medical Al
Al applications present
challenges and potential risks. Unlike traditional medical
tools, Al systems—particularly those based on machine
learning and artificial neural networks—operate using
hidden or complex data correlations that may not be fully
understood, while increasingly performing roles
previously handled by human experts [53, 54].
Consequently, healthcare professionals utilizing Al, as
well as the developers, may struggle to anticipate system
behaviors or explain specific outputs, such as diagnostic
results or treatment recommendations. This can also raise
questions about shared clinical responsibility with a non-
human “colleague.” The introduction of such
technologies is fundamentally reshaping medical
practice, including critical relationships between patients
and practitioners and between practitioners and the
broader scientific and technical community [17, 36].
Embedded ethics provides a framework for continually
adapting to these evolving technological landscapes,
helping ensure that Al is developed and implemented in
ways that respect the range of social and ethical values
involved.

While embedded ethics is not a comprehensive solution
to all these complex challenges, it fosters ongoing
dialogue between ethicists and Al developers, promoting
awareness of the ethical, social, and political dimensions
of medical Al Ethicists with experience in medicine and
technology can collaborate closely with developers to
facilitate communication with practitioners, patients, and
other stakeholders, ensuring that values such as
transparency, patient autonomy, and equitable resource
allocation are considered. By working together,
embedded ethicists and Al developers can better

in medicine distinctive

understand the ethical culture present in clinical
environments and tailor Al solutions accordingly, for
instance, through value-sensitive design [55]. This
approach represents a meaningful advance toward
creating medical Al that is responsive to ethical
considerations.

Mitigating limitations of traditional ethical principles
Currently, one common approach in Al ethics relies on
the adaptation of classic medical ethics principles—such
as autonomy, non-maleficence, beneficence, and justice
[56]. While these principles are undeniably valuable,
their direct application to Al development may not be the
most effective means of guiding ethical practice. As
Mittelstadt notes, Al development generally lacks “(1)
common aims and fiduciary duties, (2) professional
history and norms, (3) proven methods to translate
principles into practice, and (4) robust legal and
professional accountability mechanisms” [9].
Consequently, the straightforward use of traditional
medical ethics may be insufficient, and companies
advocating such principles may do so more to preempt
regulation than to genuinely embed ethics. Moreover,
even well-intentioned Al developers often lack the
necessary resources, experience, and training to address
ethical challenges comprehensively.

Embedded ethics offers a promising way to navigate
these limitations. While Mittelstadt highlights the
structural differences between medical practice and Al
development, these issues can be partially mitigated
when attention is narrowed to Al applications in
medicine and when the values of medical communities
are integrated early in the development process. In this
context, Al teams collaborating with embedded ethicists
can establish clearer shared goals, recognize relevant
histories, and align with commonly held clinical values.
This approach allows traditional ethical principles to
serve as flexible guides or starting points, adaptable
throughout the stages of a project. Nonetheless,
consistent with critiques of principlism, it should not be
assumed that these principles can be applied rigidly in Al
contexts. As Al presents novel ethical dilemmas, it
requires innovative resolutions and precise norm-setting
[57]. Embedded ethicists play a key role in equipping
developers with the skills and frameworks needed to
identify, interpret, and address these ethical
considerations, enabling principles and ethical reasoning
to be more effectively integrated into the development of
medical Al
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Addressing regulatory gaps

Another critical advantage of embedded ethics is its
ability to compensate for the current lack of specific
regulation for medical Al. Unlike other medical products,
Al technologies are often not subject to rigorous testing
during development, and existing ethics guidelines
frequently intervene too late to influence design
meaningfully [58]. Typically, assessment occurs only
during clinical trials or through review by ethics
committees, by which point significant development
decisions have already been made. While progress has
been made in establishing transparency, explainability
standards [54, 59], and stronger data protection
mechanisms such as the EU’s General Data Protection
Regulation [60, 61], comprehensive regulatory
frameworks for medical Al are still emerging.
Embedded ethics can help bridge these regulatory gaps
and complement emerging policies, including the EU’s
Artificial Intelligence Act [62]. Universities are
increasingly developing interdisciplinary programs and
research initiatives to prepare ethicists for these
challenges, while forward-looking corporations are
demonstrating a growing commitment to ethical
foresight [12, 13]. This
opportunities to train embedded ethicists effectively and
position them at the core of Al development teams, where
ethical guidance is most needed. By embedding ethicists
directly within development processes, this approach
provides a proactive and practical response to the
pressing demand for ethical oversight in the design and
deployment of medical Al technologies.

combination  creates

Conclusion

Medical AI holds substantial promise for enhancing
healthcare delivery, reducing costs, and expanding access
to underserved populations. However, the field is broad
and rapidly evolving; some innovations never reach
clinical practice due to regulatory hurdles, while others
transition from development to patient care quickly,
sometimes carrying unresolved or unforeseen ethical and
social implications. Despite numerous recommendations
from ethicists, researchers, and technology developers,
there remains no unified framework to systematically
address these issues and fully harness the potential of
medical Al

To realize the benefits of medical Al, -ethical
considerations must be systematically anticipated and

addressed early—well before products enter clinical
trials or routine practice. The embedded ethics approach,
while most readily applied in academic settings or
public—private partnerships, is versatile and can be
integrated across including
commercial development. Embedding ethicists within
development teams facilitates the creation of equitable
and safe Al applications, ensuring that ethical, social, and
political dimensions are considered from the outset.
Embedded ethics represents one critical component in a
broader strategy for addressing emerging challenges in
medical Al It can complement methods such as ethical
foresight analysis, educational initiatives to train Al
developers and engineers, and formal regulations or
voluntary industry commitments, including Al ethics
pledges [63]. The strength of embedded ethics lies in its
capacity to create a systematic, iterative, and integrated
ethical framework within the development process. It is
flexible, applicable across diverse settings, and can be
implemented immediately, adapting to the specific needs
of development teams, technologies, or processes.
Despite its promise, several challenges remain. First, Al

various environments,

development—even in publicly funded research—is
highly competitive and prioritizes speed and efficiency;
in commercial contexts, profit motives may further
overshadow ethical considerations. Conflicts between
ethical guidance and business interests, such as tensions
between transparency and intellectual property, are
likely. As Metcalf et al. note, embedding ethics within
corporate environments risks being co-opted by agendas
emphasizing  technological market
efficiency, or meritocracy [12]. Power imbalances, as
illustrated by high-profile cases like Timnit Gebru’s
departure from Google, underscore the need for
enforcement mechanisms—whether regulatory,
certification-based, or voluntary—to prevent ethics from
being reduced to mere “ethics washing” [50]. Lessons
from other industries, such as ethics certifications or

solutionism,

compliance programs, could inform these safeguards.
Ethics must be treated not as self-regulation, but as an
integral part of healthcare technology development [64].
Second, funding embedded ethics roles remains an open
question. Pilot programs could initially rely on public
funding within academia, while commercial adoption
may encounter initial resistance. Nonetheless, the fact
that major tech companies are already hiring ethicists
suggests that organizational buy-in may be achievable
[12]. Moreover, given the financial and reputational risks
associated with poorly developed AI technologies,
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companies have a strong incentive to invest in embedding
ethics to prevent harm and ensure responsible innovation.
Third, robust training for both ethicists and Al developers
is essential. Interdisciplinary education, including
programs for professionals already in the field, will
support the exchange required for
embedded ethics to succeed. Training in multicultural
and interdisciplinary contexts can also increase
awareness of potential biases, fostering open discussion
of diverse perspectives and reducing the impact of
individual preconceptions on technology development.
Finally, establishing clear standards and methodological
practices is crucial for embedded ethics to mature as a
recognized community of practice. Referenceable
standards, case studies, and theoretical frameworks will
benefit all stakeholders, including educators designing
training programs, professionals currently working in
medical Al, ethicists transitioning into the field, and
researchers or public stakeholders concerned with the
ethical, social, and political dimensions of Al in
healthcare.

collaborative
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