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A B S T R A C T

It is widely acknowledged that we need to establish where responsibility lies for the outputs and impacts of AI- 
enabled systems. This is important to achieve justice and compensation for victims of AI harms, and to inform 
policy and engineering practice. But without a clear, thorough understanding of what ‘responsibility’ means, 
deliberations about where responsibility lies will be, at best, unfocused and incomplete and, at worst, misguided. 
Furthermore, AI-enabled systems exist within a wider ecosystem of actors, decisions, and governance structures, 
giving rise to complex networks of responsibility relations. To address these issues, this paper presents a con-
ceptual framework of responsibility, accompanied with a graphical notation and general methodology for vis-
ualising these responsibility networks and for tracing different responsibility attributions for AI. Taking the 
three-part formulation ‘Actor A is responsible for Occurrence O,’ the framework unravels the concept of re-
sponsibility to clarify that there are different possibilities of who is responsible for AI, senses in which they are 
responsible, and aspects of events they are responsible for. The notation allows these permutations to be repre-
sented graphically. The methodology enables users to apply the framework to specific scenarios. The aim is to 
offer a foundation to support stakeholders from diverse disciplinary backgrounds to discuss and address complex 
responsibility questions in hypothesised and real-world cases involving AI. The work is illustrated by application 
to a fictitious scenario of a fatal collision between a crewless, AI-enabled maritime vessel in autonomous mode 
and a traditional, crewed vessel at sea.

1. Introduction

The importance of establishing where responsibility lies for AI-based 
systems has been emphasised in most sets of ethical principles proposed 
for AI (Fjeld et al., 2020; Jobin, Ienca & Vayena, 2019), by the OECD 
(OECD, 2019), and in UNESCO’s global standard on the ethics of AI 
(UNESCO, 2021). It is also starting to be recognised in emerging AI 
legislation worldwide (European Commission, 2021, 2022; Stanford 
University, 2023). The ability to attribute responsibility for the outputs 
and impacts of AI technologies, which are both influenced by and impact 
the wider ecosystem in which they are developed and deployed (Stahl, 
2023), is important for several reasons. Thinking through consequences 
of decision-making, and learning from incidents and accidents, can 
inform AI policy and engineering practice to improve future outcomes. 
Determining the location of responsibility will also help to secure justice 
and compensation for victims of AI harms (Cane, 2002; Duff, 2007; 

Hansson, 2022b; Van de Poel, 2011).
Pinpointing where responsibility for AI lies is a journey into some 

unexplored terrains. AI-enabled systems have two features which makes 
them unlike typical tools and devices. First, they are often under- 
specified; that is, increasingly complex machine learning (ML) tech-
niques, which have driven the performance of most of today’s AI systems 
– for example in image recognition, path planning, and navigation – 

enable them to achieve goals without an explicit set of instructions for 
doing so (McDermid et al., 2024). This means there is greater uncer-
tainty about their outputs and direct consequences in the real world than 
with traditional software-enabled devices. In the paper, when we refer 
to ‘AI-enabled,’ we mean a subset of this, namely ‘ML-enabled.’ Second, 
AI is also increasingly deployed in autonomous applications, where 
decision-making functions are delegated to the system (Burton et al., 
2020) With the development of large language models (LLMs) based on 
transformer architectures, new horizons for autonomous systems are 
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emerging. When given tool or service access, these models can enable 
‘agentic AI systems’, which can accomplish complex goals indepen-
dently over long time horizons (Acharya, Kuppan & Divya, 2025; Chan 
et al., 2024).

The increasing sophistication of AI has prompted debates about 
attributing responsibility to AI-enabled systems themselves (Sebastián, 
2021). The consensus is that these systems still lack the kind of agency 
necessary for moral or legal responsibility. But that does not simplify 
attributing responsibility to their human designers, makers, and users. 
Responsibility frameworks are undergoing a process of adjustment, with 
solutions canvassed in the literature on how to attribute responsibility 
for the outputs and impacts of AI technologies when the normal neces-
sary conditions for doing so, such as control and knowledge, are less 
obviously met by human actors across the AI lifecycle (Goetze, 2022; 
Hakli & Mäkelä, 2019; Himmelreich, 2019; Kiener, 2022; Matthias, 
2004; Morgan, 2023; Porter et al., 2018; Prifti, Stamhuis & Heine, 2022; 
Tigard, 2021). Moreover, like other complex systems, the use of AI 
represents an exacerbated case of the "problem of many hands" (Braham 
& Van Hees, 2012; Cobbe, Veale & Singh, 2023; Cooper et al., 2022; 
Nissenbaum, 1996; Thompson, 1980; Van de Poel, Royakkers & Zwart, 
2015), whereby the sheer number of actors influencing a system’s 
behaviour and its consequences makes tracing responsibility accurately 
or fairly to individual actors extremely difficult. Establishing where re-
sponsibility lies for the outputs and impacts of AI is therefore a multi-
faceted challenge, involving multiple actors, each of whom may be 
involved in different aspects of an overall event involving AI in different 
ways.

We believe that conceptual clarity is a necessary prerequisite for 
addressing responsibility questions precisely and thoroughly. Under-
standing the different senses or types of responsibility, and how and 
when these apply, can help to support discussants from multiple disci-
plinary backgrounds, including technical and engineering backgrounds, 
to reason effectively about responsibility for incidents, decisions, ac-
tions, and omissions involving AI. This, in turn, can lead to focused in-
terventions and improvements in design and engineering practice. There 
is related work in this field, with taxonomies of different types of re-
sponsibility given in Davis (2012); Hansson (2022b); Van de Poel and 
Sand (2021); Van de Poel, Royakkers and Zwart (2015); Zerilli (2021). 
What this paper adds to that related work is a graphical notation for 
modelling scenarios so that the responsibility relations within a wider AI 
ecosystem can be visualised and reflected upon, and a general process 
for establishing when the different senses or types of responsibility can 
be appropriately attributed to different actors. This helps to move the 
conceptual clarifications out of the realm of the theoretical and enables 
the conceptual framework to be practically operational for stakeholders 
debating responsibility attributions for AI. Another piece of related work 
is from the critical technology theorist Stahl (2023), who emphasises the 
need to take an ecosystem view of responsibility for AI, which recognises 
“the complexity of the network of existing responsibilities." This paper can 
support efforts in that direction, and enable the networked nature of 
responsibility relations to be modelled and perceived diagrammatically. 
Several of the core components outlined in Stahl’s view of responsibility 
are elucidated in this paper’s conceptual framework.

The paper is organised as follows. In Section 2 we present the con-
ceptual framework, which is a systematic decomposition of the state-
ment ‘Actor A is responsible for Occurrence O’. At the heart of the 
conceptual framework is the ‘unravelling’ of responsibility into four 
senses; these are four different types of responsibility, or four different 
ways of being responsible: causal, role, liability, and moral responsibility. 
This four-fold distinction, like many responsibility taxonomies 
(Hansson, 2022b; Zerilli, 2021), derives from the legal philosopher Hart 
(2008). The informal graphical notation for different permutations of ‘A 

is responsible for O’ is presented, based on the work of Ryan et al. 
(2024), along with criteria and conditions for each of the four types of 
responsibility. In Section 3, we show how the criteria and conditions can 
be used to highlight inappropriate or unjust responsibility attributions, 
whether the overloading of responsibility on some actors, or the evasion 
of responsibility by others. In Section 4, we apply the framework by 
modelling the responsibility relations, using the graphical notation, in a 
hypothetical incident caused by an AI-enabled autonomous vessel in the 
maritime domain. As we work through the example, we propose a 
general method for applying the framework and for considering the 
various responsibility attributions systematically. In Section 5, general 
uses of the work are considered. There are several intended users: the 
safety engineering and safety science communities; responsible tech-
nology researchers; corporate officials; public officials and policy 
makers; and teachers and students.

2. Unravelling responsibility: Actor A is responsible for 
Occurrence O

The concept of responsibility picks out a kind of relation between an 
actor and an occurrence (Shoemaker, 2015). Responsibility is ascribed to 
actors. Actors are responsible for occurrences. And there are different 
ways in which actors can be responsible for occurrences.

In this section, we present the conceptual framework, which is a 
systematic decomposition the three-part statement ‘Actor A is respon-
sible for Occurrence O’. In Section 2.1, three subcategories of actor are 
presented. These are the subjects of potential responsibility attributions. 
In Section 2.2, we describe four different senses of responsibility. These 
are the distinct (but often overlapping) ways in which actors may be 
responsible for occurrences. In Section 2.3, we present subcategories of 
occurrence. These are the objects of potential responsibility attributions 
or, in other ways, things that actors may be responsible for. There can be 
many different permutations of these three elements, and some per-
mutations are conceptually invalid. For example, we take it that an AI- 
enabled system (subcategory of actor) cannot be responsible in the 
moral or legal sense for any occurrence. The conceptual framework is 
presented with an informal graphical notation, as well as a set of criteria 
or conditions for each type of responsibility in Sections 2.2.1–2.2.4. The 
idea is that the notation and conditions will enable connected re-
sponsibility relations for different aspects of complex events to be 
modelled, visualised, and reflected upon.

An additional relational element of responsibility, namely, the re-
sponsibility of actors to others (Coeckelbergh, 2020; Vallor & Ganesh, 
2023) is not directly included in the framework - although it is implicit; 
for instance, a legal duty of care (a subset of role-responsibility) is owed 
to those who are affected by the duty holder’s actions. Being responsible 
to others is also something felt keenly by those who embody the char-
acter traits, attitudes, and emotions of responsibility-as-a-virtue. This 
sense of responsibility, which is not included as one of the four senses in 
Section 2.2, is discussed further in connection with role-responsibility 
and moral responsibility.

2.1. Actor A

In the majority of cases and incidents involving AI, multiple actors 
will be involved. We delineate three kinds of Actor A: an AI-based sys-
tem; an individual human; an institution. To give some examples, an AI- 
based system could be an AI-based radiology imaging system, an AI- 
enabled maritime vessel, or an autonomous vehicle. Relevant individ-
ual humans would include data scientists, designers, programmers, 
safety engineers, users, individual operators, public officials, and 
corporate managers. Institutions would include the software 
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development companies, manufacturers, public service operators, and 
national or international regulators and certification bodies. The three 
subcategories of Actor A are shown in Fig. 1.

The three subcategories are not meant to be exhaustive. As our grasp 
of collective responsibility evolves, we might recognise non-institutional 
groups within the framework or view institutions as a specific type of 
collective entity with unique features. We might also consider new 
subcategories that, presently, would be created out of three core ones, 
for instance, human-AI teams (combinations of AI-enabled systems and 
individual humans), AI swarms (aggregates of AI-enabled systems or 
perhaps a single AI-enabled system taken as a whole), and sub- 
institutional groups (teams of individual humans). Similarly, different 
kinds of relations between individuals within and outside of institutions are 
not detailed here (for example, individuals may act together, or a few 
actors may act on behalf of the institution (Copp, 1979; Ludwig, 2017). 
For usability, the framework is not presented at that level of granularity.

Not all kinds of actor can be responsible in the same way. More 
specifically, we assume that AI-based systems cannot be legally and 
morally responsible. AI systems are not legal persons in any legal system; 
thus, this subcategory of Actor A cannot have legal duties (see Fig. 3) or 
be held liable (see Fig. 4). In current legal scholarship, the standard 
position is to continue to advocate against the legal personhood of AI 
systems (Chesterman, 2020; Morgan, 2023). The dominant philosoph-
ical stance is that AI systems are not moral agents. As such, they also 
cannot have moral duties (see Fig. 3) or be morally responsible (see 
Fig. 5). While various reasons have been for this position, including their 
lack of sentience (Véliz, 2021; Verdicchio & Perrin, 2022), conscious-
ness (Sebastián, 2021), understanding (Coeckelbergh, 2020), or the 
capacity to act from their own reasons (Johnson, 2006; Purves, Jenkins 
& Strawser, 2015; Verdicchio & Perrin, 2022), our justification is that AI 
systems are not moral agents because they are non-voluntary actors: 
they cannot choose not to act as they do.

By contrast, institutions are legally recognised as legal persons, thus 
this subcategory of Actor A can have legal duties (see Fig. 3) and can be 
held liable (see Fig. 4). Similarly, the prevailing philosophical view is 
that institutions are moral agents (Björnsson & Hess, 2017; French, 
1984; List & Pettit, 2011; Pettit, 2007; Sepinwall, 2016), so we proceed 
on the basis that they can also have moral duties (see Fig. 3) and be 
morally responsible (see Fig. 5). We adopt a weak understanding of 
institutional moral agency as ultimately reducible to the moral agency of 
an institution’s individual human members, who are voluntary actors, 
which we maintain AI systems are not. This simplification, while 
acknowledging the complexities of collective decision-making (List & 
Pettit, 2011; Pettit, 2007) suffices for the initial conceptual outline.

2.2. Is responsible for

Next comes the delineation of different ways of ‘being responsible 
for’. Different actors may be responsible for different aspects of events 
involving AI in different ways. We refer here to different senses or types 
of responsibility. In common with related work in this space (Davis, 
2012; Hansson, 2022b; Van de Poel, 2011; 2015; Zerilli, 2021), we draw 
upon Hart’s (2008) taxonomy of the senses of responsibility. Getting 

clear on these different senses can help interlocutors from diverse 
disciplinary backgrounds avoid conceptual tangles. The four core senses 
are shown in Table 1.1

2.2.1. Is causally responsible for
The first and most general sense of responsibility is causal re-

sponsibility. We take ‘causal responsibility’ to be another way of refer-
ring to causality. We adopt a threshold notion of causality (Noordhof, 
2020). That is, an actor needs only to have been a cause of O (not the only 
or the most important cause of O) to qualify as causally responsible. It is 
not only actors who can be causally responsible (Hart, 2008). Other 
occurrences O, facts, and events can also cause occurrences. The nota-
tion for an A’s (and an O’s) causal responsibility for an O is shown in 
Fig. 2.

By determining causal responsibility by reference to a cause rather 
than the cause of an occurrence, we can sidestep debates about what 
makes something the most important cause of an effect (Danks, Rose & 
Machery, 2014; Hansson, 2022a; Kaiserman, 2018; Knobe, 2009; 
Tadros, 2018; Wittgenstein, 1976). Many conditions for being a cause 
have been proposed in the literature (Beebee, Hitchcock & Menzies, 
2009). To fix ideas, we suggest using the NESS condition, as shown in the 
box in Fig. 2. The NESS condition is that a cause must be a Necessary 
Element of a Sufficient Set (Hart & Honoré, 1985; Wright, 1985). As 

Fig. 1. The three subcategories of Actor A.

Table 1 
The main senses of ‘is responsible for’.

Sense of responsibility Description
Causal responsibility A is a cause of O
Role-responsibility A has tasks, moral duties or legal duties that attach to 

their role
Legal liability- 

responsibility
A is liable to legal sanction for O

Moral responsibility A is an author of O (moral responsibility as attributability)
A is liable to moral sanction for O (moral responsibility as 
accountability)

1 Those familiar with Hart’s taxonomy will note some differences between 
Table 1 and Hart’s original presentation (Hart, 2008). Causal responsibility has 
been placed first rather than second in the list. This is to point to the fact that 
causal responsibility is the most general form of responsibility in the taxonomy. 
Another difference is that moral responsibility is expanded to include a 
distinction from Watson between moral responsibility as attributability and 
accountability (Watson, 1996). Finally, Hart’s taxonomy also identifies 
‘capacity-responsibility’ which we omit. ‘Capacity-responsibility’ is the 
possession of psychological capacities such as understanding, reasoning and 
self-control. It is a basic criterion for a natural person’s being morally respon-
sible and, in most cases, liable for what they do. In the framework, the 
capacity-responsibility of people (i.e., individual humans and the humans who 
comprise institutions) is assumed.
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Wright puts it, this is a “test for causal contribution that is applicable to the 
entire spectrum of causation cases” (Wright, 1985).2

Understanding and tracing causal responsibility is central to incident 
investigation and crucial when determining appropriate actions to 
mitigate future risk. Causation is therefore at the heart of safety engi-
neering models, such as fault trees (U.S. Nuclear Regulatory Commis-
sion, 1981) and STAMP (System-Theoretic Accident Model and 
Processes) (Leveson, 2016). Understanding causal responsibility is part 
of the role-responsibility of safety engineers. Furthermore, causal re-
sponsibility is a necessary condition of moral responsibility and legal 
liability, and establishing causal responsibility relations can be an 
effective first step in attributing both. This general process is illustrated 
in Section 4, and the connections between different types of re-
sponsibility are detailed in Section 2.2.5.

2.2.2. Is role-responsible for
The second sense of responsibility is role-responsibility. This is 

typically what is meant when people speak about having responsibilities. 
Role-responsibility refers to the tasks, duties, and functions attached to 
an actor’s role in a group or society. We delineate three kinds of role- 
responsibility an actor might bear: task responsibilities; moral duties; 
and legal duties. To reiterate, as AI-based systems are neither legal per-
sons nor, on our framework, moral agents, they cannot be bearers of 

moral or legal duties, they can only have tasks. The notation for an A’s 
role-responsibility for an O is shown in Fig. 3, along with a summary of 
the criteria for appropriate attributions of role-responsibility.

Task responsibilities are the jobs and functions assigned to an actor’s 
role. Regarding AI, it is typically the engineer who defines an AI system’s 
task responsibility, though responsible innovation encourages input 
from affected stakeholders during design (Ten Holter, 2022). Moral 
duties are moral requirements. Broadly speaking, we have a moral duty 
not to actively or unjustifiably harm others (because people have a right 
not to be harmed or wronged) and, in some circumstances, to come to 
the aid of others (Foot, 1967). The extent of actors’ moral duties to 
protect users and those impacted by AI systems can be unclear. Legal 
duties are legally defined obligations, set out in law, such as the EU’s AI 
Act (parts of which came into force in August 2024), with its duty on 
producers of high-risk AI system to carry out pre-deployment conformity 
assessments (European Parliament & Council, 2024). A legal duty may 
be a duty of care not to cause actionable harm through negligence (by 
failing to meet the standard of a reasonable person carrying out the same 
function) (Percy & Charlesworth, 2018) or an absolute duty that must be 
adhered to whatever the effort, time or cost, or another legal standard.

Legal duties are defined by the relevant laws. Beyond this, it is 
important to assess whether assigned role-responsibilities are appro-
priate. Unlike the other three senses of responsibility, for role- 
responsibility we have criteria (a benchmark against which the appro-
priateness of a role-responsibility attribution can be assessed) rather 
than conditions (requirements that must be met for the responsibility 
attribution to be true or just). We propose the criteria outlined in the 
boxes in Fig. 3. First, the role-responsibility in question should be stated 
as clearly as possible. Ambiguously described role-responsibilities are 
difficult to perform. Second, the role-responsibility should be appro-
priate to the context. For instance, a system designer whose brief is to 
design a system which only needs to tolerate extreme cold should not be 

Fig. 2. Actor A (or Occurrence O) is causally responsible for Occurrence O.

2 To deal with the case of effects of a common cause (where two or more 
things appear to be causally related but are in fact both caused by the same 
underlying factor), it is likely that appeal will need to be made to a more so-
phisticated framework, such as a counterfactual framework (which considers 
whether the effect would still have happened if the cause had not) or an 
interventionist framework (which considers whether changing the cause would 
change the effect) (Beebee, Hitchcock & Menzies, 2009; Pearl, 2009; Noordhof, 
2020).
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tasked to d effort expended on the task is proportionate to the need - an 
important for safety engineering, where effort should be focused on the 
most harmful risks. Third, the role-responsibility should be practically 
achievable given the actor’s capabilities and available support. For 
example, expecting instantaneous human takeover of an autonomous 
vehicle is unrealistic (Law Commission & Scottish Law Commission, 
2022). Fourth, the role-responsibility should not conflict with the actor’s 
other tasks or duties. For example, an engineer should not be tasked to 
deliver the product on time if that creates conflict with their moral and 
legal duties to ensure that it is (acceptably) safe. This criterion addresses 
situations where an assigned task role-responsibility might require un-
ethical or unlawful actions.

Often thought of as forwards-looking responsibility (Talbert, 2016), 
role-responsibility is connected to policies of Responsible Research and 
Innovation (Owen et al., 2013) and Responsible AI (Askell, Brundage & 
Hadfield, 2019; Dignum, 2019; Schiff et al., 2020), which concern how 
actors should perform their roles to design, engineer, manufacture, use, 
and govern innovative technologies in ways that contribute to ethically 
and societally desirable ends and do not cause unjustified harm or 
compound existing inequalities (Von Schomberg, 2013; Eke, Wakunuma 
& Akintoye, 2023). Understood as a virtue, responsibility refers to the 
moral character of the actor, including traits such as reliability, trust-
worthiness, care for others and future risk-bearers, integrity, moral 
imagination, and practical wisdom (Fahlquist, 2015; Van de Poel & 
Sand, 2021; Van de Poel, Royakkers & Zwart, 2015). Van de Poel and 
Sand (2021) define the virtue of responsibility as a disposition to take 
responsibility; Williams defines it as the readiness to respond to a plu-
rality of normative demands or, in other words, a readiness to balance 
our many obligations appropriately and ethically (Williams, 2008). 
Responsibility-as-virtue is crucial for active and responsive technology 
development (Van de Poel & Sand, 2021).

In many ways, responsibility-as-virtue (which is not included as one 
of the core senses in the framework) is connected to forwards-looking 
role-responsibility (Hart, 2008), and specifically to an actor’s serious 
and diligent efforts to fulfil their moral duties or moral obligations. 
However, as Fahlquist argues, whereas role-responsibility is often more 
definable and assigned, responsibility-as-virtue is more open-ended and 
voluntarily assumed (Fahlquist, 2015) Actors who are responsible in this 
forwards-looking sense work hard to avoid risks to others and to reduce 
the harmful impact of their activities (Fahlquist, 2015). Vallor has 
proposed the cultivation of a kind of moral character that expresses 
‘technomoral’ virtues (Vallor, 2016), which are mastered by promoting 

a relational understanding of moral obligations in technosocial contexts 
and paying habitual attention to the ethically salient features of situa-
tions within these contexts (Farina et al., 2024; Vallor, 2016). We 
envisage that this paper’s framework, when used to model scenarios 
diagrammatically, could be a springboard for such exercises in moral 
imagination, and for thinking about the consequences of decisions and 
actions (Fahlquist, 2015).

2.2.3. Is legal-liability responsible for
The third sense of responsibility is legal liability. An actor who acts 

unlawfully is usually liable, according to other legal rules, to sanction, 
whether punishment or the payment of compensation (Hart, 2008). We 
divide legal liability-responsibility into criminal and civil liability only, 
as shown in Fig. 4. For present purposes, public law, which regulates the 
behaviour of public bodies, is omitted from this paper’s analysis. The 
possible permutations of ‘A is liability-responsible for O’ are restricted 
on two fronts. First, because AI cannot be liable for occurrences, A in 
these cases can only refer to individual humans and institutions. Second, 
since, to trigger liability, an (actionable) harm actually has to have 
occurred (liability is inherently a backwards-looking type of re-
sponsibility), the only subcategory of occurrence in Fig. 4 is conse-
quences (these are explained further in Section 2.3).

The description of criminal and civil law below focuses on the 
Common law legal system. Common law legal systems include England 
and Wales, the United States, Australia, Ireland, New Zealand, Canada, 
India, Hong Kong, Singapore, Ghana, Uganda and Jamaica (amongst 
others). Many legal principles found within the common law are also 
found across developed legal systems, for instance in Civil law systems, 
many having a common taxonomic or historical root.

Criminal law concerns the prosecution of behaviour in the criminal 
courts. It primarily aims to safeguard the public and punish harmful acts, 
and is concerned with, amongst other things, the protection of bodily 
integrity, of property, and of the public welfare. In general, there are two 
conditions for criminal liability, which are summarised in the boxes in 
Fig. 4. First, an action element (actus reus): the committing of the 
conduct necessary for a crime. Second, a mental element (mens rea): the 
doing so with the requisite intention, recklessness, or knowledge.

We have limited the decomposition of criminal liability to present a 
clear conceptual framework. Strict criminal liability and secondary lia-
bility could be added later as future developments, since these are 
particularly suited to considering criminal liability for AI. Strict criminal 
liability is often used in regulatory offences. It lacks the mens rea 

Fig. 3. Actor A is role-responsible for Occurrence O.
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element. Secondary liability considers the aiding or encouragement of a 
principal offender in the completion of a criminal offence. The mens rea 
element is that they need to have had an intention to encourage or assist 
the offence.

Civil law regulates behaviour between parties. It seeks to determine 
the rights and duties of natural and legal persons, for example by 
establishing civil liability for a harm or wrong. The same conduct might 
concern more than one category of law (e.g., it might be both a criminal 
offence and a tort, a civil wrong). Conditions for civil liability also vary. 
In Fig. 4 we pick out an area of civil liability that is particularly pertinent 
to cases involving AI. This is tort law (of which there are several sub-
categories) and, more specifically, negligence. Negligence is the work-
horse tort in common law jurisdictions. Its elements, or conditions, are 
as follows: the actor owes a legal duty (of care) to the claimant; this duty 
was breached; the breach caused the claimant’s harm; and the harm 
must be within the scope of the duty of care. These conditions are given 
in the civil liability box in Fig. 4.

There are other, relevant types of tort liability which are not sum-
marised in Fig. 4. First, strict product liability (although defective 
products in some circumstances may also lead to liability in negligence). 
Second, vicarious liability, when an actor (typically an employer) is held 
civilly liable for the torts of another (typically their employee). This is 
not a separate tort but a way in which any of the torts can be attributed. 
In addition to tort law, contract law is a relevant branch of liability for 
AI-enabled systems, although contractual duties are only owed between 
contracting parties, and are not owed to third parties (except in very 
limited cases). Here, the condition is that an actor must have breached 
terms of their contract.

2.2.4. Is morally responsible for
The fourth sense of responsibility is moral responsibility. This is 

commonly thought of as a kind of backwards-looking responsibility (Van 
de Poel & Sand, 2021). Moral responsibility concerns the relation be-
tween an actor and an occurrence that calls for the actor to justify why 
they acted as they did. We draw a distinction between being morally 
responsible (moral attributability) and being held morally responsible 
(moral accountability) (Scanlon, 2000; Watson, 1996), as shown in 
Fig. 5. There are more varieties of moral responsibility in the literature 
(Shoemaker, 2011), but we limit this framework to two subcategories 
for ease of use. Since AI-based systems cannot be morally responsible for 
an O, they are excluded from Fig. 5.

Moral attributability picks out an actor’s authorship of an occur-
rence. If O is morally attributable to Actor A, O was an exercise of A’s 
voluntary agency. As such, it is reasonable to ask A for their reasons for 
performing or bringing about O (Porter et al., 2022). Doing so can 
prompt ethical reflection and contribute to better safety cultures 
(Dekker & Breakey, 2016). Drawing upon an Aristotelian tradition of 

moral responsibility, we propose the following conditions for moral 
responsibility as attributability: A was a cause of, or causally responsible 
for, O; A’s causing O was an exercise of their voluntary agency, in that 
they could have practically chosen not to be a cause of O, for example 
because they were not under duress (control condition); A was not 
acting in ignorance and could have reasonably foreseen the conse-
quences (knowledge condition) (Aristotle, 2011; Fischer & Ravizza, 
1998; Frankfurt, 2018; Robichaud & Wieland, 2017). These conditions 
are summarised in the box in Fig. 5.

Moral accountability concerns an actor’s relations to other people 
(Watson, 1996). We take it that A is morally accountable when A de-
serves certain interpersonal responses such as resentment and indigna-
tion, leading to blaming practices like punishment and demands for 
apology (referred to in Table 1 as ‘moral sanction’) (Darwall, 2007; 
McKenna, 2012; Strawson, 2008). As a rule, A deserves these negative 
responses if A has failed to meet a standard of care and respect for others 
in the moral community (Strawson, 2008). We propose the following 
conditions for moral accountability, as shown in the box in Fig. 5. First, 
A must meet the conditions of moral attributability for O, because there 
is an entailment relation between moral accountability and moral 
attributability (in other words, being morally responsible for O is a 
necessary condition for rightly being held morally responsible for O) 
(Shoemaker, 2013; Watson, 1996). Second, we propose that A must fall 
short of a moral duty or of a more general expected moral standard of 
care or respect for others (Darwall, 2007; Strawson, 2008). This refer-
ence to a standard of care represents an implicit connection to the notion 
of responsibility-as-virtue, discussed in Section 2.2.2. People who 
consistently meet or exceed standards of care and respect for others 
(King, 2023; Unruh, 2022) are responsible people in the virtue sense 
(Fahlquist, 2015).

2.2.5. The relations between the four senses of responsibility
The relations between the four senses of responsibility are sum-

marised in Table 2.
The fact that these are necessary not sufficient conditions is impor-

tant to bear in mind. It helps to overcome some of the normative con-
cerns that arise when people over-identify causation with liability and 
moral attributability. For example, in the world of safety science, ’cause’ 

is seen almost as a ’trigger word’ that should be avoided in an effective 
safety culture (Dekker & Breakey, 2016). In a recent NHS England 
document on patient safety incident investigations, for example, in-
vestigators are advised not to use the word ’cause’ at all, because it is 
“strongly associated with blame and liability” (NHS England, 2022). 
Remembering that causal responsibility is but a necessary condition of 
liability and moral responsibility helps to ensure that this worry is not 
overstated to the detriment of learning from the causal analysis of 
incident investigations. Causal responsibility is not a criterion of 

Fig. 4. Actor A is legal liability-responsible for Occurrence O.
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role-responsibility, but it is intimately connected to it. One way of 
thinking about this is to see role-responsibility as a kind of responsibility 
to be causally responsible for certain occurrences.

The recognition that role-responsibility is necessary but not suffi-
cient for liability and moral accountability helps to constrain thinking 
that inquiries into liability and moral accountability are immediately 
answered once the relevant duty-holders have been identified. This is 
not the case: other conditions also need to be met. Furthermore, to be 
clear, with respect to moral accountability in Table 2, the claim is that in 
a system of appropriately assigned role-responsibilities, role-re-
sponsibility will be a necessary condition of moral accountability. There 
may have been a failure to assign the requisite moral duties to actors’ 

roles, or the issue might be that the actor fell short of a generally ex-
pected moral standard of care and respect for others.

2.3. Occurrence O

In the project of locating responsibility for AI, it is important to be 
clear and specific about what, exactly, different actors are purported to 
be responsible for. To this end, we delineate seven different types of 
occurrence for which actors may be responsible, as presented in Fig. 6.

Dividing ’O’ in this way allows the framework to handle incidents 
involving multiple actors across different stages. This detailed break-
down may also aid safety analysis by scenarios to be modelled in which 
different occurrences cause system failure (Carlson, 2012; Fenelon & 
McDermid, 1993).

The first three subcategories in Fig. 6 are specific to AI: the outputs of 
AI-based systems. Unlike traditional tools or devices, AI systems can 
reach outputs, including classifications, predictions, plans, and gener-
ated text or images, without being designed with a complete and explicit 
specification of how to do so (Burton et al., 2020; McDermid et al., 
2024). We refer to these outputs as decisions*. For cyber-physical AI 
systems, such as driverless cars and uncrewed vessels, their outputs also 
include sequences of physical manoeuvres; we refer to these outputs as 
actions*. Increasingly autonomous systems can implement their de-
cisions* and actions* without direct operational intervention. And we 
include omissions* for cases where an AI system fails to generate an 
output. The star is included to distinguish the machine’s outputs (or 
omissions) from a human’s. This enables specificity in the modelling of 
complex cases. Since AI systems are not legal persons or moral agents, 
even where the decision*, action* or omission* causes an incident, in-
quiries into liability and moral responsibility cannot stop at the AI sys-
tem itself.

The second three subcategories in Fig. 6 are the decisions, actions and 
omissions of individual humans and institutions. Individuals, albeit 
working in teams, make legion decisions and take legion actions related 
to the design, maintenance and use of AI-based technologies. They also 
make decisions about organisational cultures, system approval, and risk 

acceptance. Institutions make decisions and take actions in the form of 
board votes, corporate strategies and policies (List & Pettit, 2011; Pettit, 
2007). Where it is unclear which individuals within an institution took 
decisions, actions or failed to act, it can be helpful in the first instance to 
attribute responsibility for these occurrences to ‘institutions’.

Third, there are consequences. Consequences are the outcomes that 
are caused by any of the other subcategories of O as well as by physical 
events in the operating environment, such as storms and earthquakes. In 
inquiries of liability, it will be a consequence, such as a collision, injury, 
loss of life, damage to property or environmental damage for which li-
ability will be sought, as illustrated in Fig. 4.

3. Conceptual clarity to illuminate potential unjust 
responsibility attributions

We have set out the conceptual framework, providing the building 
blocks for articulating different possible permutations of A is responsible 
for O. We also presented the conditions for just attributions of re-
sponsibility. Clarity on these conditions, specifically the conditions of 
liability-responsibility and moral responsibility, can help users of the 
framework to illuminate and avoid unjust responsibility practices when 
applying it to specific scenarios.

3.1. Individual human actors as ‘liability sinks’ and ‘moral crumple 
zones’

There is a documented concern in the automotive sector (Elish, 
2019), in defence (Devitt, 2022), and in healthcare (Lawton et al., 2024; 
Smith, 2021) that, when AI-enabled systems cause or contribute to a 
harm or wrong, the nearest human operator will shoulder the burden of 
liability and moral accountability for bad outcomes. This is unfair. Just 
because they are the last in long causal chain of actors able to influence 
the impacts of AI-based systems, the nearest human operator – the 
frontline clinician, the safety driver in an AV, the offshore remote 
operator – is often not the most culpable for accidents and incidents.

In respect of liability, this has been called the ‘liability sink’ problem 
(Lawton et al., 2024) It arises because often the nearest human operator 
is the easiest actor to sue (Lawton et al., 2024). A real-world example is 
the sentence of endangerment of the safety driver in the Uber vehicle 
that killed Elaine Herzberg in Arizona in 2018. Though the safety driver 
had certainly been acting negligently, she alone carried criminal liability 

Fig. 5. Actor A is morally responsible for O.

Table 2 
The relations between the senses of responsibility.

Sense of responsibility Is necessary condition of
Causal liability, attributability
Role-responsibility (legal duty) liability
Role-responsibility (moral duty or moral standard) moral accountability
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for the incident, despite well-documented engineering failures (National 
Transportation Safety Board, 2019) since because Uber ATG was not 
charged and she entered a guilty plea. A similar worry in the automotive 
domain arises in respect of drivers of automated vehicles who must 
accept, when activating ’self-driving mode’, that they will take over 
manual control immediately when required, even though in practice 
they often have insufficient time to do so effectively (National Highway 
Traffic Safety Administration, 2022).

In the medical sector, the liability sink is a particular concern in 
respect of AI-based decision-support tools. Here, the clinician is relied 
upon as a final ‘safeguard’ at the end of a long chain of design, devel-
opment and deployment decision-making (Lawton et al., 2025). In such 
cases, if the clinician implements an incorrect AI recommendation on 
patient treatment or care which may happen in complex cases or where 
there is a wider cultural encouragement of deference to AI, which has 
been highlighted in this domain (Grote & Berens, 2020; Tobia, Nielsen & 
Stremitzer, 2021) – the clinician risks absorbing all of the liability even 
though the system is at fault (Lawton et al., 2024, 2025). For this reason, 
one study in the sector has advocated that healthcare systems and or-
ganisations should only deploy AI tools that simply present information 
and do not make direct recommendations until product liability for AI 
has been revised (Lawton et al., 2025).

In respect of moral responsibility, the concern is called the ‘moral 
crumple zone’ (Elish, 2019), because, like the crumple zone of a vehicle, 
the nearest human operator absorbs the shock of blame for wider system 
failure. This moral scapegoating may occur because their causal 
involvement, typically a failure to intervene in time or effectively, is the 
most obvious to observers. In addition, these individuals have a 
role-responsibility to be a final ‘stop gap’ before harm. It is then 
tempting and easy to say that, in cases where they fail to fulfil this role 
successfully, they (alone) should be blamed. But attending to the criteria 
of appropriate attributions of forwards-looking role-responsibility can 
help us to consider whether too much is expected of the nearest human 
operator or whether they face a conflict in their roles (Crootof et al., 
2023). Further, looking at the conditions of backwards-looking moral 
responsibility can help us to consider whether this individual could have 
practically chosen to act differently in the situation and whether they 
had adequate understanding of it. If not, then it would be unfair to 
attribute moral responsibility to them for the failure or harm.

Naturally, often the answers will be matters of degree. For example, 
it may be that the individual in question bears some of the fault but not 
all of it. The point is that the conceptual framework provides a language 
for identifying when individuals are being over-burdened and are at risk 
of bearing the brunt of legal and moral sanction downstream after an 
incident has occurred.

3.2. Powerful corporate and institutional actors evading or obscuring their 
responsibility

When frontline actors are singled out for sanction for adverse 

outcomes, it can obscure the truth that other individual and institutional 
actors upstream in the life cycle are equally and often more deserving of 
liability and moral accountability. The flipside of scapegoating is that 
other actors can evade legal or moral sanction.

By starting with actors bearing causal responsibility and role- 
responsibility for O and then considering whether they meet the con-
ditions for liability and moral responsibility, we can illuminate where 
individual and institutional actors may also be at fault. For example, the 
case of Uber Tempe highlighted failings to build or deploy sufficient risk 
mitigation systems into the vehicle, which contributed to the incident, 
and failing to instil a good safety culture and employ engineers with 
appropriate safety knowledge (National Transportation Safety Board, 
2019; Ryan et al., 2023).

Another way in which actors may seek to evade legal and moral 
sanction for harms caused or occasioned by AI is by hiding behind the 
complexity and independence of the AI-based system (Cooper et al., 
2022; Rubel, Castro & Pham, 2019). The conceptual framework can also 
be used to illuminate this practice. For example, since AI-based systems 
are neither legal persons nor moral agents, any talk of transferring moral 
duties or moral responsibility to AI-based technologies could be iden-
tified as illegitimate. Indeed, such talk could be used by individual 
human and institutional actors to avoid their own moral duties or 
diminish their own moral responsibility for what occurs, shifting it onto 
AI-based systems (Stuart & Kneer, 2021). The framework can help in-
terlocutors to illuminate such equivocation and obfuscation.

Unless we are to allow that responsibility can simply evaporate 
(Santoni de Sio & Van den Hoven, 2018), liability and moral re-
sponsibility for the outputs and impacts of AI systems must trace back to 
the individual human actors and institutional actors across the system’s 
lifecycle and in the wider socio-technical system in which it is deployed - 
even though this undertaking is more complex in the case of AI systems 
than with traditional technologies.

4. Applying the conceptual analysis and graphical notation to 
model a responsibility scenario

We now demonstrate how the conceptual framework and notation 
can be made operational by applying it to a fictitious scenario involving 
an AI-enabled system in the maritime domain. As we work through the 
scenario, we describe a method for unravelling responsibility attribu-
tions within the network of responsibility relations. The aim is that this 
method helps to make the framework operational. It should be noted, 
however, that variations of this method could be supported by the 
framework. For instance, we start by establishing salient relations of 
causal responsibility, but another approach could be to start by estab-
lishing salient relations of role-responsibility.

This maritime example involves a cyber-physical AI-enabled system 
operating in an autonomous mode. It illustrates two aspects of AI that 
can complicate attributions of responsibility: underspecification in the 
ML pipeline (in this case the obstacle classification model); and the 

Fig. 6. Subcategories of occurrence.
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system’s autonomous operation, which means that it can directly cause 
harm in the world without direct human involvement. The challenges 
these two aspects of AI can pose for attributing responsibility are dis-
cussed throughout the presentation of the example below.

Furthermore, this scenario illustrates the interconnected and net-
worked nature of responsibility relations, and that several permutations 
of ‘A is responsible for O’ will be involved. Even when simplified to give 
an initial presentation of how the conceptual framework, notation, and 
method can be brought together to produce diagrams of responsibility 
attributions and prompt further reflection, the maritime example shows 
the multifaceted challenge of establishing where responsibility lies for 
AI.

For reasons of economy, we have not constructed illustrative ex-
amples involving other types of AI system, or other ethical complexities 
related to bias, explainability, and privacy. For an example of how the 
framework and notation presented in this paper has been applied in case 
involving the risk of bias from an ML model, please see Ryan et al. 
(2025).

4.1. Example case: fatal collision between autonomous ship and 
traditional crewed vessel

Imagine a crewless ship, which we will call a ‘vessel’. For the most 
part, this vessel is controlled by a human operator from a shore-based 
remote operation centre (ROC). But it is capable of operating autono-
mously (i.e., without human intervention) and can do so where agreed 
with the regulatory authorities. In accordance with international best 
practice, the vessel and the whole maritime autonomous infrastructure 
are designed to be inherently safe and, where this is not possible, fault- 
tolerant.

This vessel is transporting cargo between Port A and Port B. It is 
being remotely controlled from the ROC by the remote human operator. 
The remote operator sees that, if the vessel’s course is not altered, there 
will be a collision with another vessel. The second vessel is a traditional 
vessel crewed with STCW (Standards of Training, Certification and 
Watchkeeping for Seafarers) personnel. Before the remote operator can 
take action to adjust the remotely controlled crewless vessel’s speed or 
course to avoid the collision, in accordance with the Convention on the 
International Regulations for Preventing Collisions at Sea (COLREGS) 
(International Maritime Organization, 2024), there is a loss of connec-
tivity between the ROC and the crewless vessel. The remote operator 
therefore cannot send a control signal to the crewless vessel.

The vessel’s on-board systems detect the loss of connectivity and 
shift to autonomous operation. The vessel is fitted with an AI-based 
collision-avoidance system. The collision-avoidance system has several 
subsystems: it fuses data from multiple sensors on the vessel (cameras, 
lidar, radar and echo-sounders) to identify and classify obstacles in the 
area (both static, such as buoys, and dynamic, such as vessels); and it 
communicates with other on-board systems and functions to adjust 
course and/or speed to avoid any collision.

In our scenario, it is raining heavily and the camera lenses are 
covered in salt. This significantly degrades the quality of data from the 
cameras. As rain, and the subsequent salt build-up, is a foreseeable 
environmental condition, the cameras should be robust and well- 
maintained. In addition, the sensor-fusion subsystem, which uses a 
convolutional neural network (CNN), has been trained to classify ob-
stacles, in various environmental conditions, when one of its input 
sources is compromised. Underspecification means that the model is 
likely to perform well on what it has been trained to classify (including 
within a certain range of image degradation) but it is unable to 
conclusively classify obstacles in edge cases (perhaps the extent of image 
degradation combined with the other vessel being positioned at an un-
usual angle in relation to the camera, or obscured by a wave). In the 
scenario, the extent of image degradation is particularly extreme 
because the sensors have not been sufficiently well-maintained. As such, 
on this occasion, the sensor-fusion subsystem fails conclusively to 

classify the obstacle in time which, in turn, means it fails to identify the 
course of action in time required to avoid a collision. Consequently, the 
ML-based collision-avoidance system does not communicate the correct 
inputs to the relevant other on-board systems to avoid the collision 
taking place.

The crew on board the other vessel expect the autonomous vessel to 
comply with COLREGS, which does not happen. Because it is now 
operating autonomously, is crewless, and has lost connectivity, the other 
vessel can only rely on a radio-based vessel-tracking system to get in-
formation about its position, course, and speed. But this tracking system 
does not convey information about the future intent of vessels. Once it is 
clear that the crewless vessel will not be altering course, the crew on-
board the other vessel do not have enough time to take evasive action. 
The collision occurs, causing the loss of life of several members of the 
other vessel’s crew. Significant environmental damage is also caused, 
due to a large spillage of fuel into the sea.

4.2. Modelling the scenario

Fig. 7 presents the initial structure of the scenario using the graphical 
notation presented in Section 2. We work up from a basic model of the 
chain of events in the scenario in Fig. 7 to a consideration of different 
types of responsibility attribution for different occurrences within this 
chain in Figs. 8–11. As we do so, we suggest a general method for 
applying the framework.

The scenario as presented below concludes in a discussion of liability 
and moral responsibility. As such, it makes sense to start with one of the 
necessary conditions of these types of responsibility (causal or role) and 
build up from there. The method adopted here is to start with causal 
responsibility. The framework also supports looking at forwards-looking 
responsibility in greater depth, irrespective of later legal or moral 
sanction for any harms caused. Though we do not take such an approach 
in the example below, in such a case, it would make sense to start with 
role-responsibility, and to consider the extent to which roles for various 
occurrences have been assigned.

Before working through the different senses of responsibility and 
various permutations of ‘A is responsible for O’ in the maritime scenario, 
it is important to clarify that, although diverse responsibility attribu-
tions are being considered, we have kept the model relatively simple for 
an initial demonstration of how the framework can be applied. In reality, 
the distributed responsibility relations could become very complicated. 
Furthermore, responsibilities in real-world scenarios may be more 
ambiguous than they have been presented below. However, this does 
not undermine the value of this paper’s framework. First, unless one is to 
write off the quest to attribute responsibility for AI as too complicated 
ever to pursue, one needs to start somewhere, and the framework and 
notation can provide a visual basis for doing so, as well as offer a 
structure for deeper deliberation. Second, the inclusion of criteria and 
conditions for each type or sense of responsibility can help users of the 
framework to articulate ambiguities precisely – for example, by identi-
fying where task-responsibilities have not been clearly enough articu-
lated (role-responsibility), or by identifying where it remains unclear 
whether a harm was in the scope of a legal duty (liability). This clearer 
articulation can then inform and inspire interventions to prevent future 
ambiguities. Finally, the distillation of O into several subcategories can 
help to address some of the ambiguity because it can help to sharpen 
discussions on which bit of a wider picture an actor may be responsible 
for in any of the given senses.

4.3. Reasoning about causal, role, liability and moral responsibility for AI 
in the scenario

We now set out the method for unravelling responsibility by applying 
the framework and notation to the maritime example. First, we identify 
the main occurrence for which responsibility is sought. To manage 
complexity, we focus on the fatal collision (Consequence 2 in Fig. 7) and 
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not on the environmental damage. There are two pathways: the remote- 
controlled operation pathway and the autonomous operation pathway.

The approach then is to start with causal responsibility and then to 
layer up from there, adding role, liability and moral responsibility. As 
we do so, the initial model in Fig. 7 is updated with additional actors and 
occurrences, and new responsibility relations between them.

4.3.1. Causal responsibility
Fig. 8 expands on Fig. 7 by picking out further relations of causal 

responsibility between actors (and occurrences) and other occurrences 
in the scenario. To note, we have omitted some variables from the causal 
model for the sake of clarity (Halpern & Hitchcock, 2010).

The figure does not identify any one cause as more salient to the 
collision (Consequence 2) than another. For example, the proximate 
cause of the collision (Omission* 3) is not identified as more significant 
than a distal cause (e.g. Decision 1). The framework could support more 
in-depth discussions about the relative weight of different actors’ causal 
contributions. Several different measures for degrees of causal weight 
have been proposed in the philosophical literature (Braham & Van Hees, 
2009; Demirtas, 2022; Kaiserman, 2018; Moore, 2009; Tadros, 2018), 
such as whether a cause constitutes a greater proportion of the outcome, 

or a greater proportion of the cause (Tadros, 2018). Questions about 
whether one cause, such as a ‘root cause’, is more significant to an 
outcome are also discussed in safety science (Del Frate et al., 2011). 
Representing scenarios diagrammatically as in Fig. 8 can provide a 
useful focus for such discussions. And, because of this framework’s in-
clusion of other types of responsibility, this approach can also help users 
to take that conversation further by considering whether different de-
grees of causal weight should influence degrees of liability or moral 
responsibility for the outcomes (Kaiserman, 2018; Tadros, 2018).

In our modelling of the maritime scenario, we use this backwards- 
looking model of causal responsibility as a starting point for consid-
ering where liability and moral responsibility may lie for the fatal 
collision. The notation could also be used for forwards-looking safety 
practices. The approach set out in Fig. 8 bears some similarities with 
what is called a ‘fault tree’ in safety (U.S. Nuclear Regulatory Commis-
sion, 1981), which involves modelling undesirable events (such as 
omissions) to see how they could lead to a more consequential one. The 
framework can support also support forwards-looking effects analysis, to 
discover and better understand a failure mode and what its conse-
quences might be, and to consider the appropriate corrective actions to 
manage future risk (Del Frate et al., 2011). This is particularly important 

Fig. 7. Initial model of the scenario using the notation.

Fig. 8. Modelling causal responsibility in the scenario using the notation.
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in the case of AI, where failure modes are still poorly understood and 
evidence bases still lacking. The corrective actions deemed appropriate 
can then become explicitly articulated as part of actors’ 

role-responsibilities in future cases.

4.3.2. Role-responsibility
Fig. 9 expands on Fig. 8 by picking out the role-responsibility re-

lations between actors and occurrences in the scenario. It adds a new 
occurrence (the remote operator’s role-responsibility for Action 1). It 
also adds one role-responsibility relation between actors (in the bottom 
right of Fig. 9): the legal duty of technology corporations in the supply 
chain relied on by the main producer of the AI-based collision avoidance 
system. This legal duty would be a contractual obligation.

To reduce the number of actors in Fig. 9 for a simplified model, we 
assume that the vessel manufacturer has produced the entire ship, and 
that none of its sensors or shipboard functions, including the AI-based 
collision avoidance system, have been retrofitted. We also assume that 
the technology corporation that produces the AI-based collision avoid-
ance system (which the vessel manufacturer configures, installs and 
validates in the vessels) has produced the system as a complete package 
intended for the maritime domain. The vessel manufacturer and the 
technology corporation would therefore both be deemed the ‘producers’ 

of the system.
Because of space restrictions, where a role-responsibility exists in the 

same place as a causal responsibility in Fig. 8, we have simply replaced 
the line with the label ‘role-responsibility’. Role-responsibility implies 
one has a role to cause or prevent an occurrence (although one might not 
always fulfil one’s role-responsibility). In a fuller and slightly larger 
depiction, however, different kinds of responsibility relation could be 
represented by separate, differently coloured lines on a single diagram. 
Where, in Fig. 9, the line only states ‘causally responsible for’ (e.g., 
between Omission 1 and Omission 2), the notion is that this depicts 
causal but not role-responsibility.

Since the AI-based system (the collision avoidance system) is neither 
a legal person nor a moral agent, it only has task role-responsibility for 
Omission*1 and Omission*2 (or, more precisely, for performing those 

functions as intended). For the purposes of illustration, we have assumed 
that the communications provider, remote operator, vessel owner, 
vessel manufacturer, sensor manufacturer, and technology developing 
corporation all had legal duties to prevent the occurrences in the causal 
chain leading to the collision. The framework can support more fine- 
grained discussion about the content of legal duties are, and their reg-
ulatory or legislative source. The framework can also provide a structure 
for considering the nature and limits of these actors’ moral duties not to 
harm people affected downstream by their decision-making and actions 
upstream. This can further be a springboard for considering 
responsibility-as-virtue and how the various actors involved would un-
dertake their responsibilities if they were showing care and concern for 
future risk-bearers.

We have identified under-specification as a feature of AI which in-
troduces novel questions for responsibility attribution for AI (Burton 
et al., 2020). In terms of role-responsibility, the questions here are as 
follows. When would we say that engineers at the vessel manufacturer 
(which, we have assumed, has produced the AI-based collision avoid-
ance system) have fulfilled their role to make the system as safe as 
possible, given that underspecification makes such systems inherently 
uncertain and unable to classify all obstacles correctly? When would be 
able to say that relevant actors at the vessel manufacturer had suffi-
ciently fulfilled their role-responsibilities when making Decision 1? 
What, precisely, would be the articulation of those role-responsibilities? 
Our purpose is not to answer these questions here, but to show how 
applying the framework diagrammatically can focus reflection on spe-
cific role-responsibility questions that arise due to the distinctive fea-
tures of AI. We have also identified system autonomy as a feature of 
many AI systems that challenges attributions of responsibility. The 
maritime vessel is operating in autonomous mode. Amongst the ques-
tions here is the question for regulators (which are not depicted in Fig. 9) 
about their role-responsibilities to clarify levels of uncertainty accep-
tance given the underspecification of AI-enabled systems, and their 
operational autonomy in real-world environments.

Once the role-responsibility relations of a scenario have been 
modelled in a similar way to Fig. 9, users can cross-reference different 

Fig. 9. Modelling role-responsibility in the scenario using the notation.
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actors’ role-responsibilities with the criteria given in Section 2.2.2 to 
evaluate the clarity, appropriateness, demandingness and potential 
conflicts of tasks or duties. Contextually inappropriate, heavily 
demanding, or conflicting role-responsibilities could be made explicit 
(Bainbridge, 1983; Crootof et al., 2023; Endsley, 2023) For 
backwards-looking modelling, particularly of moral responsibility 
which will be discussed below, looking at back at these criteria later on 
can help to identify where some actors could not have practically chosen 
otherwise (e.g., because their task was too demanding) and therefore 
does not meet the control condition of moral attributability. For 
forwards-looking modelling, these criteria can highlight issues that need 
to be resolved for more responsible AI ecosystems.

4.3.3. Liability
Fig. 10 expands on Fig. 9 by picking out potential lines of liability. 

There are several interests at stake (property interests, insurer interests, 
cargo interests, and interests connected to the environmental damage) 
for which claims could be made, along with potential criminal prose-
cution for pollution offences. But for present purposes, we focus on the 
deaths of the seafarers. The initial modelling of liability for Consequence 
2 is shown in Fig. 10.

The method for unravelling liability can proceed as follows. To un-
ravel civil liability for the deaths, it needs first to be established where 
legal duties lie, and whether any of these were breached. For this, we can 
refer back to the role-responsibility in Fig. 9 (for ease of reference, legal 
duties are also retained in Fig. 10). We have hypothesised that the 
following actors have a legal duty: the communications provider; the 
remote operator; the vessel owner; the vessel manufacturer (which 
corporation we assume, to manage complexity in the example, config-
ured, assembled and tested the vessel as a complete package, including 

with its sensors and AI-enabled functions, and is therefore a producer); 
the sensor manufacturer; and the technology corporation which pro-
vided the AI-based collision avoidance system (and is also a producer). 
There will be several technology corporations supplying elements of this 
system; these may have legal duties (in the form of contractual obliga-
tions). For present purposes, these will not be considered in the 
discussion.

Drawing on the conditions of civil liability, we might consider 
whether the actors each met their legal duties, or whether the omission 
in question reflected a breach of their duty, which then caused the harm, 
and the harm was in the scope of the duty. For example, were the vessel 
owners (of which there are, in practice, multiple layers of institutions) 
meeting their duty to ensure adequate inspection, maintenance and 
concept of operation of the cameras (Omission 3)? Did the vessel 
manufacturer who installed them do so correctly, or provide proper 
instruction as to their maintenance (Omission 3)? Did the sensor 
manufacturer consider the maritime environment, where they would be 
regularly exposed to salt water, and salt deposits (Omission 3)? Did the 
communications provider meet its duties of adequately maintaining the 
service, or supplying appropriate hardware or a service of satisfactory 
quality (Omission 1)? Regarding the AI-based collision avoidance sys-
tem, did the technology corporation which engineered it, for installation 
by the vessel manufacturer, meet their duties to do so properly, and 
consider the foreseeable environmental conditions in which the system 
would need to work (Omission*1 and Omission*2)? Given the many 
inputs and parties involved, untangling and tracing the collision 
avoidance system’s omissions* back to the actions of a legal or natural 
person may be extremely complicated (Morgan, 2024). In such cases, a 
claimant may therefore be tempted to pursue those involved in the 
design, manufacture, or maintenance of the cameras, since establishing 

Fig. 10. Modelling liability-responsibility in the scenario using the notation.
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this claim will be significantly easier. In Fig. 10, we assume that the 
lawyer pursuing the civil claim has been successful in bringing a product 
liability claim against the vessel manufacturer either in negligence, or 
via a statutory product liability claim. This is denoted by the solid arrow 
in the figure from the vessel manufacturer to Consequence 2.

From questions of civil liability, we can also consider possible 
criminal liability. If the duties of care have been breached, one or more 
of these actors could face criminal prosecution, for instance via a charge 
of gross negligence manslaughter or corporate manslaughter (in the case 
of institutions), provided that the nature of the defendant’s breach of its 
duty of care owed to the victim amounts to a gross breach of its duty. For 
these two offences the men rea element is typically considered to be a 
high degree of negligence. In addition, there may be offences committed 
under the Merchant Shipping Act 1995, for instance the potential for 
owner liability under Section 98 (dangerously unsafe ship); or the po-
tential for owner, charterer, or manager liability under Section 100 
(unsafe operation of ship). Further, the ship’s failure to comply with 
COLREGS may result in the owner or any person ’responsible’ for the 
conduct of the ship, being criminally liable under Regulation 6 of The 
Merchant Shipping (Distress Signals and Prevention of Collisions) Reg-
ulations 1996, unless they can show that they ‘took all reasonable pre-
cautions to avoid the commission of the offence.’ The latter is a strict 
liability regulatory offence, with no mens rea requirement, but subject to 
a defence.

In Fig. 10, potential lines of liability that could have been or can be 
traced back to other actors are identified with a dashed line. The model 
is partial because unravelling all the claims is beyond the scope of this 
paper. The aim is to show how the conceptual framework and graphical 
notation can be made operational to consider and communicate possible 
liability for AI-occasioned harms. As with the figures for the other senses 
of responsibility, this approach can also be a springboard for deeper 
discussions, such as the validity and feasibility of pursuing other civil 
claims or criminal prosecution.

4.3.4. Moral responsibility
Finally, Fig. 11 adds moral responsibility attributions to actors for 

occurrences in the scenario. There is no specific need to model moral 
responsibility after, rather than before, liability – although many actors 
have a greater interest in knowing what they would be liable for than 
what they would be morally responsible for, which might be one reason 
to consider liability first. To note, Fig. 11 is, like Fig. 10, a partial model. 
Here, too, we limit the number of potential attributions of moral re-
sponsibility that are discussed in detail. But the framework does provide 
a basis for such discussions.

We suggest the following method for unravelling moral re-
sponsibility. First, to unravel the moral attributability, users of the 
framework could, in the first instance, consider whether the conditions 
for moral attributability are met by the identified actors in the scenario. 
To recall, the conditions were that the actor needs to have been a cause 
of the occurrence, have practically chosen not to be so (control condi-
tion), and was not acting in ignorance and could reasonably have fore-
seen the consequences (knowledge condition). To be clear, to limit scope 
we limit our discussion to moral attributability for the fatal collision 
(Consequence 2) rather than any of the other occurrences in the 
scenario.

Let us imagine that the cause condition is met by these actors as 
depicted in the causal responsibility model in Fig. 8. Users of the 
framework could then consider whether these actors met the control 
condition. For example, they could ask whether it was practically 
possible for the actor in question, say the vessel owner, to have chosen to 
ensure that the cameras were better maintained (Omission 3). To give 
another example, they could ask whether the vessel manufacturer (or 
individuals within that corporation) could have chosen not to decide 
that the collision-avoidance system was safe for implementation (Deci-
sion 1). In the latter case, we might ask whether any individuals there 
were acting under duress. It seems clear that the remote operator’s 

failure to send a control signal to the autonomous vessel (Omission 2) 
was not something they could practically control, since there was a loss 
of connectivity with the vessel. As such, Omission 2 is not morally 
attributable to the remote operator. We might, however, question 
whether there was anything else the remote operator could have done, 
such as raise an alarm. This requires a new occurrence (i.e., Action 2 in 
Fig. 11) in the model. Imagine the remote operator did not raise an 
alarm to the other, crewed vessel when they could have. Imagine that 
they breached a moral duty in failing to do so. This possibility is shown 
in the dashed line from the remote operator to the consequence in 
Fig. 11.

Next, users of the framework could consider how far these actors met 
the knowledge condition. Picking up on the same two actors focused on 
above, it seems likely that the vessel owner would have foreseen that 
inadequate maintenance of the cameras (Omission 3) raised the risk of a 
collision (Consequence 2) when the vessel was operating in autonomous 
mode. And with respect to Decision 1 and the causal chain to Omis-
sion*1, we might ask whether the vessel manufacturer could have 
foreseen that the underspecification of the collision-avoidance system 
and its inevitable inability to classify all obstacles correctly was a serious 
enough safety problem that could lead to a fatal collision (Consequence 
2)?

There are further possible attributions of moral attributability that 
could be discussed. In the interests of economy, we do not undertake 
that discussion here, but possibilities are shown in the dashed lines 
between various institutional actors and the consequence in Fig. 11. It is 
important to recognise that following this method will likely reveal that 
moral responsibility as attributability is distributed across many actors 
in the network of actors depicted in the scenario. Just picking out the 
two actors discussed above, we can see that they plausibly meet the 
conditions of moral attributability for the fatal collision itself. The value 
of the framework and notation is that it can enable a clear visual rep-
resentation of this complex web of distributed moral responsibility, and 
thereby to provide a springboard for deeper discussions about whether 
moral attributability should be weighted with a smaller number of key 
actors, perhaps because they had more control than others in the re-
sponsibility ecosystem.

After considering moral attributability, users of the framework might 
then consider which of the actors would justifiably be morally 
accountable for the fatal collision. For moral accountability, the actor 
needs to have met the conditions of moral attributability and have fallen 
short of moral duty or standard. The ‘standard’ is included to refer to a 
more general expected behaviour in a moral community or society that 
is not specifically attached to a role as is a ‘moral duty’. Thinking about 
whether decision-makers upstream fell short of a moral duty or an ex-
pected standard of care and regard for the risk-exposed can illuminate 
where there are potential unjust asymmetries in the weight of moral 
accountability borne by individuals and institutional and corporate ac-
tors. Different candidates who may be assessed for moral accountability 
for the deaths of the seafarers are identified by the arrows from these 
actors to the consequence in Fig. 11. Again, the distributed nature of 
moral accountability for the harmful consequences of AI will be revealed 
by applying the framework and notation.

5. Discussion

Motivated by the belief that conceptual clarity is necessary to reason 
effectively about the multi-faceted challenge of attributing re-
sponsibility for the outputs and impacts of AI, this paper has presented 
an unravelling of the concept of responsibility based on the central 
observation that there are several possible permutations of ‘Actor A is 
responsible for Occurrence O’. To ensure that this framework is practi-
cally operational for stakeholders deliberating about responsibility, 
including practitioners, we have not just provided a taxonomy of re-
sponsibility but also a notation and a general method for applying the 
framework to specific cases and for creating a visual representation of 
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the responsibility relations to prompt further reflection, imagine con-
sequences, design interventions and corrective actions, as well as 
consider backwards-looking liability and moral accountability.

The maritime example led to several responsibility attributions. To 
reiterate, the example was discussed at a relatively high degree of 
abstraction. Many potential attributions of liability and moral attribut-
ability have not been explored. Many actors further upstream, such as 
legislators, regulators and certification bodies, have been omitted to 
manage the size of the diagrams and the length of the discussion. But we 
believe the framework and notation would support more detailed dis-
cussions, by ‘zoning in’ on parts of the models in Figs. 7–11. Attributing 
responsibility in cases involving AI-based systems is unlikely to be 
straightforward. In particular, there are many actors involved, respon-
sible in different ways for different aspects of incidents and events. The 
framework, notation, and method can offer a starting point for mapping 
the complexity of this network of responsibilities.

There are several intended users of the framework.
First, there are the engineering and safety science communities. 

Safety engineering practices involve proactively determining and 
assessing the risk of hazards which endanger human life or damage 
property or the environment. Possible combinations of events leading to 
hazards and subsequent harms are modelled using methods such as fault 
trees (U.S. Nuclear Regulatory Commission, 1981) and STAMP 
(Leveson, 2016) to identify which potential conditions, failures or faults 
need to be eliminated or mitigated, and to enable assessment of the 
sufficiency of the mitigations regarding acceptable levels of risk. The 
conceptual framework and notation presented in this paper may offer a 
useful perspective that can enrich and help to guide safety practices 
(Ryan et al., 2024). By offering a lens for considering liability and moral 

responsibility when charting through possible scenarios in which AI 
system and infrastructure failure modes which could lead to unaccept-
able harm, it can show designers and engineers where they have a 
role-responsibility to ensure safety. It can also help them to evaluate 
whether the role-responsibilities they are placing on operators 
in-the-loop, such as the remote operator in the maritime scenario, are 
inappropriate or overly demanding and where new forms of endanger-
ment may arise with the deployment of AI, such as individuals being 
liability sinks and moral crumple zones for outcomes over which they 
have limited control or knowledge.

Further, responsible technology development is increasingly inter-
disciplinary. The objectives of responsible AI innovation – to be safe, 
beneficial, equitable – require the efforts of ethicists, philosophers, 
lawyers, social scientists and engineers. Typically, research conversa-
tions across disciplinary boundaries start with discussions about the 
ways in which terms are meant. The framework provides a common 
language for clear discussion about responsibility attributions without 
the need for lengthy preliminary semantic discussions. At the same time, 
disciplinary experts on a particular aspect of a scenario, such as safety 
engineers on causation, or legal scholars on liability, might use the 
framework to point out to others particular areas of interest or 
controversy.

Second, there are corporate officials who may be considering the 
legal and reputational risk of decisions they must make. Though the 
notation presented is informal, it does help to have a visual model to 
guide through complex questions of responsibility in adequate detail, 
but still simply enough to engage all stakeholders.

Third, public officials and policy makers in the different sectors in 
which AI is being deployed. Just attributions of backwards-looking 

Fig. 11. Modelling moral responsibility in the scenario using the notation.
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responsibility are particularly salient in an AI context, where the 
complexity and novelty of the technology, and perhaps an unreadiness 
of its surrounding infrastructure to support its performance, could lead 
to the nearest human operator being the easiest actor to hold respon-
sible. The framework provides a way to point out where the ‘liability 
sink’ and ‘moral crumple zone’ problems may arise. It also offers a way 
to model the distribution of responsibility across a wider socio-technical 
system, both to shine a light on less visible responsible actors who may 
avoiding a responsibility attribution and to consider how actively to 
distribute responsibility to avoid accidents and mishaps.

Used to model forwards-looking responsibility, public officials could 
use the framework to consider legal duties in real and imagined cases 
such as the maritime example. This may allow for more specific, con-
crete guidance to be provided by regulators to duty-holders. UK sector- 
specific regulators are tasked with translating high-level principles for 
responsible AI into concrete guidance for AI actors across the life cycle to 
implement as a matter of best practice (Department for Science, Inno-
vation & Technology, 2023). The EU’s approach, as set out in the AI Act, 
is more prescriptive, mandating specific legal duties around conformity 
assessment, auditing and the monitoring of high-risk systems (European 
Commission, 2021; European Parliament & Council, 2024). These are 
the sorts of duties which could inform the requirements to which the 
technology corporation, vessel manufacturer and vessel owner in the 
scenario should have been working. The framework may also help 
public officials to make this guidance more operational by encouraging 
them to think through whether the criteria for the clarity, appropriate-
ness, demandingness and conflicts between role-responsibilities are met.

Finally, we envisage that the framework and methodology have 
value for teachers and students from diverse disciplines who are inter-
ested in the attribution of responsibility for AI. By providing conceptual 
clarity on what ‘responsibility’ means, by distilling the literature in areas 
of philosophy and law, by providing criteria and conditions for appro-
priate and fair attributions of responsibility, and then presenting these in 
an informal graphical notation which can model complex scenarios, it 
can help students to engage in focused and sophisticated discussions 
about where responsibility does and should lie for the outputs and im-
pacts of AI in specific cases. This will help to widen participation, bring 
in new perspectives and energise debates about responsible AI innova-
tion and use.

In our experience, a perennial question in discussions around the 
wider implications of AI-based technologies is the question, ‘who is 
responsible?’ This question arises in part because of the novel properties 
that AI systems are designed to have. Amongst these properties are that 
they achieve goals with some degree of under-specification, which in-
curs uncertainty, and that we transfer decision-making functions to 
them, giving them the autonomy to cause harm without human inter-
vention. Aside from the added technological complexity, the question is 
not straightforward to answer because of what it still leaves open. 
Responsible for what? Which of the many actors involved in the system 
lifecycle and the causal chain? In what sense of responsibility? We hope 
that this framework, notation, and suggested method can help discus-
sants to consider these questions clearly and that it can be applied 
fruitfully to specific cases involving AI-enabled systems.
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