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Argument over combinations of actions

Federico Castagna®*, Katie Atkinson® and Peter McBurney”

"Brunel University, Uxbridge, London UB8 3PH UK
*University of Liverpool, Brownlow Hill, Liverpool L69 77X UK
’King’s College London, 30 Aldwych, London WCZ2R 2LS UK

Abstract

This paper examines how argumentation-based justifications for actions can be extended from single actions to
combinations of actions. Prior work presented a practical-reasoning based argumentation scheme for a proposed
action in terms of the goals that executing the action would achieve and the social values which these goals then
promoted or demoted. We build on this approach to investigate how such justifications can be systematically
composed when actions are combined, drawing on a typology of composition of actions from Propositional
Dynamic Logic such as sequence, iteration, and parallel execution. For each type of combination, we identify the
logical constraints required to ensure that individual actions may be feasibly combined and we show how goals,
states, and value effects interact in the resulting combined justifications. This work provides a step toward richer
models of practical reasoning, supporting more complex forms of deliberation and coordination in multi-agent
systems.

Keywords
computational argumentation, practical reasoning, argumentation schemes, multi-agent systems

1. Introduction

In everyday conversations, arguments are generally used to advocate for or assert a conclusion based
on premises presented as evidence. These arguments do not always conform to the formal structures
typically associated with deductive or inductive reasoning. Instead, they are often referred to as
“plausible” or “presumptive” indicating that they are only tentatively or provisionally accepted, even
when they are accurate [1]. Argument schemes are inference structures that enable the identification
and evaluation of common types of presumptive argumentation in everyday discourse [2]. Argument
schemes are usually paired with a set of specific critical questions that provide the ability to probe and
assess the given argument arising from instantiation of the scheme in a particular case, in relation to
the context in which the argument has been put forward'.

Intelligent agents must engage in practical reasoning [4] to effectively interact with their environment
and determine the most appropriate course of action in any given situation. Therefore, an inference
pattern that formalises the rationale behind this process could be particularly valuable in delivering
explainable Al and automated reasoning. Argument schemes and critical questions have been used to
computationally model a variety of types of reasoning [5]. In terms of practical reasoning, they have
been used to provide a justification for a proposed course of action on the basis of the social values that
executing the action would promote or demote. For instance, in [6], the authors present the following
argument scheme to justify an action a:

Executing action « in State R takes us to State .S, where a set of propositions (Goals) G is true, and
which, becoming true, thereby promote Value v.
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Goals represent the effects that an agent wishes to attain, whereas States are the consequences of the
undertaken action, whether the agent desires them or not. Values, in turn, provide the actual reasons
for which an agent wishes to achieve a goal [6]. In symbols, this justification can be presented as:

a:R—-SEGtv

Consequently, the proposed action « can be justified or attacked on the basis of such a scheme. This
representation also allows for justifications which demote (rather then promote) a value, or in symbolic
form:

a:R—->SEGlw

A proposed action could therefore be justified on the basis of the application of such a scheme. The
critical questions associated with this scheme provide the basis for reasoned attack (and subsequent
defence) on the proposed action yielded from instantiation of the scheme in a given context.

Since [6], semantics for this approach have been given in terms of Alternating-Time Temporal
Epistemic Logic (ATEL) in [7] and in terms of category theoretic structures in [8]. Applications of
the approach have also been developed, for example, for analysis of discussions between software
developers about software design proposals [9] or for machine-to-machine dialogs involving commands
[10]. The legal domain has also served as a key area in which the scheme has been shown to be usefully
deployed [11].

Furthermore, prior work in [12] has investigated how argumentation-based dialogues can be used as
a way to coordinate actions in multi-agent planning scenarios. Building on this line of inquiry, this
paper considers how argument-scheme based justifications for actions may be integrated when the
actions are proposed to be combined. The overall aim of the paper is to extend the practical-reasoning
argumentation scheme justification for an action as set out in [6] to generate a similar justification for
the combination of two or more actions.

2. Combining Actions

How may actions be combined? As a reference point, we consider the possible ways in which two
actions may be combined in Propositional Dynamic Logic (PDL), a modal propositional logic developed
to reason about computer programs and their composition [13]. In PDL, actions may be combined as
follows:

« Iteration: Action « is executed sequentially a finite number of times. We symbolize this combi-
nation by repeated naming of the action, separated by commas, thus: «, «, a.

+ Sequence: Action « is executed and then action S is executed. We symbolize this combination
by naming the two actions in order of execution, separated by a comma, thus: «, (.

« Parallel: Two actions « and [ are executed starting at the same time. We symbolize this
combination by naming the two actions separated by an ampersand, thus: a&/.

+ Choice: Either action « is executed or action f is executed (but not both). We symbolize this
combination by naming the two actions separated by an "exclusive or" symbol, thus: a ¥ .

« Interleaving: Some part of action « is executed followed by some part of action /3 followed by
some further part of action «, and so on. We symbolize this combination by naming the two
actions separated by parallel vertical lines, thus: « || 5.

3. Combining arguments for actions

We now consider the logical constraints on the combinations of arguments for proposals for actions
when we wish to combine actions in the various ways of combination of the PDL typology. In each



case, we then articulate an argument-scheme based justification for the particular combination of
actions building on the justifications of each of the constituent actions in the combination.

3.1. Combining arguments for sequences of actions

Suppose we wish to provide a justification for a combination of two actions, where we are given
separate justifications for each action. Does the combination of actions generate any logical constraints
on the combination of justifications?

For example, assume we are given the following justifications for two actions « and 3 (which we will
assume are two different actions):

a:R—=SEGTv
B:T—UfEH?Tw.

Then, in order to execute action « and J in sequence, we must have:

State S contains state 7. In other words, the set of propositions represented by state 7" must be a subset
of the set of propositions represented by state S.

If this condition holds, then we may combine the argument schemes for the sequence of « followed by
5 as follows:

a,:R—>S2T—-UE(GUH)tvtw.

Alternatively, suppose that for action S we have an argument that this action leads to the demotion
of value w, i.e., B : T — U = H | w. Then, the combined justification for the sequence of « followed
by 8 would be:

a,B:R—>S2T—-UFE(GUH)tvlw.

If action a promotes value v while action 8 demotes the same value v, we can present the following
argument, even if we are not able to determine which of the two consequences, promotion or demotion
of v, has the stronger effect.

a,B:R—-S2OT—-UkE(GUH)tvlwv.

3.2. Combining arguments for iterations of actions

The case of an iteration of an action is a special case of sequences of actions, where all the
actions being executed are the same. As we would expect, the successor state for execution of an
action needs to incorporate the prior state needed for its execution. In other words, in order to
execute action o and followed by a second execution of «v in sequence, the following condition must hold.

Given the following argument for action & : R — S |= G 1 v, then to enable a second execution of
o after the first we must have:

State S contains state R. In other words, the set of propositions represented by state R must be a
subset of the set of propositions represented by state S.

If this condition holds, then we may combine the argument schemes for each execution of « to generate
an argument scheme for the repeated action of «, as follows:



a,a:R-SDOR—-SEGTw.

3.3. Combining arguments for parallel actions

Now consider justifications for two actions to be executed in parallel, where we are given separate
justifications for each action. Similarly to actions in sequence, the execution of actions in parallel creates
a logical constraint on the combination of justifications.

Assume we are given the following justifications for the parallel execution of two actions o and 3
(which may represent the same action):

a:R—SEGTw.

8:T—UEH?Tw.
Then, in order to execute actions « and ( in parallel, we must have the following two conditions
holding:

« Condition 1: There exists a state () such that both state R and state T" are sub-states of state ()
(when considered with regard to the propositions which each state represents).

+ Condition 2: There exists a state Y such that both state S and state U are sub-states of state ¥’
(when considered with regard to the propositions which each state represents).

If these two conditions both hold, then we may combine the argument schemes for the parallel
execution of o and 3 at the same time, as follows:

a&f: (RUT)CQ =Y 2 (SUU) E (GUH) v 1 w.

Moreover, as with the case for sequences of actions, if one or both of the two parallel actions demotes
rather than promotes a value, then the combined justification for the parallel actions is straightforward
to articulate. For example, if action o promotes value v while action 8 demotes value w, then we can
present the argument for parallel execution of the two actions by:

a&p: (RUT)CQ—Y 2 (SUU) E (GUH) v} w.

3.4. Combining arguments for a choice of actions

For a combination of two actions which requires a choice between the two actions, we need only to have
that the two prior states are both states of another prior state which describes the current circumstances.
If the two actions are the same action, then the choice between them is moot. So we will assume that
the two actions are not the same action, or that the arguments presented for each action are different.
Given the following justifications for the respective actions « and 3:

a:R—=SEGtwv

8:T—-UEH*Tw.

Then, in order to execute an action which comprises a choice between actions « and 3, we must have
that there is a state () such that both state R and state T" are sub-states of state (). If this condition
holds then we can present an argument for the action of choice between the two actions « and  which
combines the arguments for the two separate actions, as follows:

a¥YB:QO2R—-SEGTtvorQ2T —-UEHtTw.

Note that this is an argument presenting the consequences in terms of value promotion (or demotion)
of executing either the action « or the action £. It is not an argument for choosing between the two



actions. It is also not an argument for executing a choice between the actions instead of some other
combination of the two actions (eg, executing the two in parallel or in sequence).

3.5. Combining arguments for interleaved actions

Combining the arguments for interleaving of two actions is a special case of sequences of actions
where the substates resulting from execution of the interleaved partial actions need to fit together
appropriately. Suppose we have two actions a and [ with respective sequences of partial actions,
namely a1, a2, as, ..., an, and B1, B2, 83, . . ., Bm with each list of partial actions being finite, and of
length n and m respectively. We assume that n is less than m with no loss of generality. Then, if we
have the following two sequences of partial arguments for the partial actions of a and then for the
partial actions of :

alzR—>Sl
a2:31—>52

oy Sp—1 — S.

ﬁliT—>U1
52:U1—>U2
Bm i Unm—1 — U.

Assume the proposed interleaving of the partial actions of a and 3 is the following sequence of partial
actions:

0[1,61,052,52,043,63, cee 7anaﬂn7ﬂn+laﬂn+27 .. 'aﬁm~

For this interleaving of partial actions to be possible, the partial states would need to have following
relationships:

An argument for the consequences of this interleaving of the partial actions of actions « and 3
requires that the prior state of each partial action after the first partial action is a substate of the
successor state of the partial action which preceeds it in the sequence of partial actions. In other words,
we must have:

T C Sqand
S1 C U;p and
U1 Q SQ and
SQ g U2 and

U,-1 €S, =Sand
SCcU,=U.

After the execution of the last partial action «, of action «, the remaining partial actions are all parts
of action 3, and so the argument chain linking these partial 5 actions together will assert that each
successor state of one partial action is the prior state of the next partial action. If this collection of state
relationships holds, then the justification for the combined action of interleaving o and f3 is therefore
as follows:

a”ﬂ:R—)Sl2T—>U1251—>SQQU1—>U2...Sn_1—>S;>Un_1—>Un—>
Upst . -Upo1 = U= (GUH) T vt w.



4. Attacks and Critical Questions

Consider an argument-scheme based justification for an action « of the form we have been discussing
in this paper, namely:

Executing action « in State R takes us to State .S, where a set of propositions (Goals) G is true, and
which, being true, thereby promote Value v, i.e.,

a:R—=SEGTv

Such a justification could be attacked or questioned in a number of ways. In [6, Table 1], the authors
identify all possible attacks, of which there are 16. In each of these attacks, there is a potential
underlying dispute between a proponent of the action and a questioner or attacker. Some of these
potential underlying disputes concern issues of representation (e.g., Is v a value?), some concern issues of
fact (e.g., does state R describe the current circumstances?), and others concern questions of preference
(e.g., that executing action o will preclude the execution of some other, more preferable action).

Now consider a combination of two actions, a and 3. Whatever the particular form of combination
(sequence, choice, etc), the possible attacks on this combination include all the attacks on each of the
separate actions o and (. So we start with 32 possible attacks on any argument for the combination.

For each combination considered in Section 3, we presented the combined justification for the
combination of the two actions. If the logical constraints required by the combination to be feasible
hold, then we have a justification for the combined action. For example, in the case of the Sequencing
of actions (Subsection 3.1), if the successor state of the first action includes the prior state of the second
action, we were able to create a combined argument of the combined actions as

a,B:R=>UE(GUH)tvTw.

This justification for the combined action is in the same structural form (a practical reasoning argument
scheme) as the two individual justifications for action « and for action /3 that we began with. Hence,
the combined justification may be subjected to the same 16 possible attacks identified for this form of
justification in [6]. The same comment applies to each of the other particular combinations presented
in Section 3.

5. Dialogs over combinations of actions

It would be straightforward to articulate a dialog game protocol between two or more autonomous
agents enabling one agent (the proponent) to present a statement of an argument for a particular
combination of actions, enabling other agents to attack this statement by means of critical questions,
and allowing the proponent to respond to the critical questions. An example of such a dialog protocol
is the PARM A Protocol for argument over proposals for action presented in [6] or the protocol for
dialogs over commands presented in [10].

There are several possible semantics for such dialog game protocols, for instance: an axiomatic
semantics, where the required pre-conditions and the resulting post-conditions of each utterance are
specified (as given, for example, in [6, 14]); an operational semantics, where utterances are understood
as commands on a virtual machine (as given in [15]); or a denotational semantics, where the protocol
is mapped to a mathematical structure, such as an Alternating-Time Temporal Epistemic Logic [7] or
category-theoretic structures [8]. All of these semantics may be used to reason formally about the
properties of the protocol, such as the circumstances under which it terminates or the presence or
absence of gridlock. As explained in [16], defining a formal semantics for an agent protocol also serves
other purposes, including most importantly, usually making implementation of the protocol easier.



6. Related work and assumptions

This paper is not a contribution to debates about the nature of values, whether human or machine, and
nor is it about how best to model or represent values. The literature on these topics is now vast. In
modern times, consideration of the essential role of values in argumentation originated in the work of
Perelman and Olbrechts-Tyteca [17]. Their ideas in the philosophy of argumentation influenced directly
the creation by Bench-Capon of computational argumentation frameworks for practical reasoning
which incorporated values in [18]. There has been a flourishing of work modeling or incorporating
values since then in Al, especially in the sub-disciplines of Al and Law and in Multi-Agent Systems.
Most recently, the rise of Generative Al and Large Language Models (LLMs) with their attendant risks
has led to much recent research seeking to align machine decision systems with human values.

We will mention briefly a few examples of relevant work on values. The other papers in this
symposium collection will be a good entry point to this vast topic. Morgan and Wyner [19] provide
a review of recent work in agent reasoning with values. In normative multi-agent systems, Montes
and Sierra [20] present a formal model of value alignment so that agent decisions will be beneficial,
rather than harmful, to humans. Similarly engineering agent systems with orderings of values derived
from human society is the concern of Serramia and colleagues [21]. Also looking at value alignment,
Liscio et al. [22] argue that value alignment entails reasoning over values, and present a framework for
achieving this. Holgado-Sanchez and colleagues in [23] seek to create agents able themselves to reason
about values and the PhD thesis of Rodriguez Soto [24] uses agent reinforcement learning to align
agents with ethical values. Furthermore, in [25], Benzmuller and colleagues present a modal logic of
preferences and a Domain-Specific Language for modeling values in legal reasoning. Finally, expressing
implicit values can enhance the clarity behind a deliberate choice, whether it’s a recommendation that
prompts an action or simply an exchange of information. This increases the impact of the explanation
and reveals additional justification tools that can be leveraged by the eXplainable Al research field (XAI).
The EQR argument scheme introduced in [26, 27] embeds and formalises values to such an extent.

On the other hand, recent advancements in generative Al literature have attempted to address
the issue of value alignment more pragmatically. Developers and researchers have come to realise
the potential dangers of Al systems, especially if deployed in high-stakes domains. Large Language
Models, such as the well-known GPT, Claude, and Gemini families, are being increasingly relied upon,
demonstrating a growth in uptake by the general public. This is concerning considering how easily
such models can be manipulated to act deceptively [28, 29], and our limited understanding of their inner
reasoning processes (often referred to as "chain-of-thought") [30]. Research has shown that LLMs can
even mimic alignment [31]. In a sandbox experiment conducted by Anthropic, a particularly alarming
result emerged: when given no alternatives, these models can resort to threatening their developers
to avoid being replaced [32]. To counter all of this, common strategies for LLM value alignment
include specialised safety fine-tuning, Reinforcement Learning from Human Feedback (RLHF) [33] and
Constitutional AI [34]. The latter seeks to embed normative values into the model’s parameters by
following a predetermined set of rules, or "constitution".

In presenting this research we have made assumptions about the nature and structure of actions,
states, goals, and values, and how they are represented. For example, we have treated states as collections
of propositions which are true in some world, and goals as subsets of these states. Our notions of states
and goals is essentially set-theoretic. As another example, it is commonly held by computer scientists
that actions may be adequately represented by the pair of states prior to execution and following
execution, without need to represent each action explicitly. If this was the case, we would not need
to name actions, but merely represent them by ordered pairs of states. However, Hamblin, in [35],
argued that both the explicit action and its antecedent and consequent states need to be included in any
representation.

For each of these concepts of actions, states, goals, and values, assumptions other than those made
here are possible and may be worth exploring. There is insufficient space in a paper such as this
to explore or even consider all such alternative assumptions. A more fine-grained definition of the
structure and representation of these related concepts would be required before any consideration of
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the computational complexity of decision problems over the selection of actions or their combinations
would be possible, and would take the work in an entirely different direction.

7. Conclusions

In this paper we have explored justifications of combinations of proposed actions where the actions have
been justified with a practical-reasoning-based argument scheme. The justifications for the individual
action proposals are presented in terms of the social values which each action promotes or demotes.
Using a standard typology of how two or more actions may be combined, taken from Propositional
Dynamic Logic, we have identified the logical constraints that each combinations of actions requires
for that combination to be feasible. Given that the constraints are satisfied in each case, we have then
presented the practical-reasoning argumentation scheme for the combination of actions based on the
practical-reasoning schemes of the individual actions comprising the combination.

Although the framework articulated here allows for the presentation of an argument-scheme based
justification for executing each type of combination of actions, it does not, as it stands, allow for pre-
sentation of a comparative argument. For example, although we may articulate a combined justification
for the execution of two actions in sequence (as in Subection 3.1) and another combined justification
for executing the same two actions in parallel (as in Subsection 3.3), we do not have an argument for
preferring sequencing over parallel execution of the two actions, or for the reverse. Of course, such an
argument for one combination rather than another may emerge indirectly from the responses to the
critical questions posed in particular instances, but that is not the same as having a general framework
for comparison of alternative potential actions. Achieving such a general framework for comparison of
alternative actions based on practical-reasoning argumentation schemes is ongoing work.

Declaration on Generative Al

The authors have not employed any Generative Al tools for any aspect of writing this paper.
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Abstract

We present a mechanized framework in Isabelle/HOL for value-sensitive preference reasoning in Smart
City governance, designed to support agentic Al systems that rank candidate projects transparently
and adapt to evolving normative environments. Three complementary value ontologies are formalized:
ontology_Fix, which encodes a lexicographic value hierarchy suitable for institutional and legal contexts;
ontology_Flex, where preferences depend on contextual matches between promoted and needed values
across possible smart cities scenarios; and Ontology_Card, which provides a quantitative notion of value
coverage based on cardinality. Across all three variants, betterness relations are defined explicitly and
lifted from world-level rankings to project-level preferences via existential-universal operators. Ceteris
paribus reasoning is formalized throughout, enabling controlled comparison under partial information
by bracketing shared background values and evaluating projects solely on the remaining value-relevant
differences. The framework supports revisability, meta-property checking, and portability across
cultural and societal contexts, providing an auditable, human-centered governance layer for value-based
reasoning in agentic Al

Keywords
Value ontology, Preference logic, Ceteris paribus, Smart City governance, Agentic Al, Isabelle/HOL

1. Introduction

Smart City initiatives are normatively pluralistic [1]: citizens, industry, and regulators bring
competing value assumptions and heterogeneous priorities. As a result, the design, evaluation,
deployment, and use of Smart City projects raise ethical challenges rooted in divergent value
priorities [2]. It is therefore crucial to enable transparent debate about such projects, so that
different values can be articulated explicitly and related to concrete decision-making [3].

This issue is made more acute by the increased use of Al systems and Al-enabled infrastructures
to implement Smart City projects across different domains [4]. In particular, these decision-
making and execution processes may be delegated to, or mediated by, Agentic AT (AAT). AAI
can be understood as the autonomous, goal-directed operation of a software artifact—typically
based on a large language model (LLM)—that curates, synthesizes, and monitors digital content
and can also execute code [5]. Since AAT systems are often epistemically opaque and technically
error-prone [6, 7], the need for explicit representations of values and preferences that support
these decision-making processes becomes especially acute [3, 8].

This work presents a mechanized framework for value-based preference reasoning intended to
support governance in Smart City settings [3, 9]. The core contribution is a proof-assistant-based
formalization in Isabelle/HOL of three complementary value-ontology variants: Ontology_Fix,
Ontology_Flex, and Ontology_Card. While all three ontologies support ceteris paribus (CP)
reasoning (“all else equal”), they differ in their logical grounding: Ontology_ Fix uses a non-
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modal, lexicographic value hierarchy with project-level CP constraints; Ontology_Flex and
ontology_Card are grounded in modal preference logic, where CP reasoning is defined over
comparisons between possible worlds and then lifted to projects. The framework defines
betterness relations explicitly rather than treating them as uninterpreted primitives, and it
supports reasoning under partial information and enables controlled adaptation when values
change.

While the framework is general, we anchor the value vocabulary in a nine-value structure
organized into three clusters (Individual, Society, Environment). The result is a verifiable and
extensible framework for ranking projects, justifying trade-offs, and checking the consistency of
value ontologies—capabilities that are directly relevant to the design of value-based agents.

The Isabelle/HOL sources of our mechanization work, including all definitions, lemmas, and
proof tests discussed in this paper, are available at https://github.com/avestrucci/Smart_City_
Preference_Logic/blob/main/SmartCity_Value_Ontologies_Paper.thy (accessed: April 26, 2026).

2. Motivation: values, preferences, and goals for Agentic Al

2.1. The role of symbolic Al in the context of AAI

Because present-day AAI is typically implemented using LLMs, familiar ethical and technological
concerns—including accountability, transparency, and fairness, as discussed, for example, in the
current debate on trustworthy AI (TAI) [10, 11]—also apply here, and even more acutely in light
of AAT’s comparatively high degree of autonomous execution. Addressing these concerns requires
careful design of the digital environments in which AAT operates [5].If humans are no longer
meaningfully involved in the agentic loop, or lack the capacity to intervene effectively, high-risk
automated decision-making facilitated by AAI can further weaken responsibility attribution [12].
Since accountability presupposes meaningful human autonomy and control, interactive forms of
collaboration between humans and artificial agents must be carefully designed and regulated
[13].

Logic-based reasoning tools provide verifiable and transparent ways of encoding and automating
knowledge, norms, and constraints, thereby supplying guardrails within which Al systems are
allowed to operate [10]. Such rules can be checked automatically, for example by automated
theorem provers (ATPs), while humans retain control over which rules and constraints are
adopted.

This motivates a hybrid architecture: autonomous Al systems operate under explicitly specified,
human-defined value constraints enforced by a symbolic reasoning layer. In our framework,
values can be aggregated and checked automatically against a preferential order, while humans
retain control over the relevant values, targets, and constraints for Smart City projects. Formal
proofs then provide transparency through verification and support accountable decision-making.

2.2. Values, goals, and preferences

A AT systems are relevant in Smart City projects because they can plan, choose among alternatives,
and act in pursuit of objectives. Yet the implementation criteria for such projects often rely on
informal guidelines and high-level principles [14], while AAT systems require more than high-level
slogans: they need explicit decision criteria for ranking candidate decisions and actions.

These criteria are often not purely technical and may remain tacit. Decisions such as allocat-
ing sensors, deploying predictive-policing tools, or optimizing traffic flow can implicitly involve
normative judgments affecting values such as autonomy, privacy, transparency, and sustainability.
They also introduce multi-objective constraints and accountability requirements: stakehold-
ers demand not only effective outcomes, but also transparent justification and demonstrable
compliance.
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This complexity calls for a clarification of the interrelation between three central dimensions:
values, goals, and preferences. First, values provide the normative vocabulary: they are abstract
principles that guide or constrain behavior [15]. For example, autonomy may motivate legal or
institutional protections of individual freedom. Values make explicit what matters in a domain
and provide interpretable dimensions for justification, deliberation, and contestation [16]. Second,
goals specify desirable states of affairs. For example, reducing congestion may be a goal informed
by the value of sustainability. Goals define what an agent seeks to achieve and are typically
operational and domain-specific. Third, preferences provide the decision mechanism: an ordering
that determines which options are better when multiple values interact. Preferences are needed,
for instance, when privacy concerns conflict with demands for transparent data-driven traffic
management. They operationalize how value considerations shape goal pursuit, including cases
of conflict, trade-off, and priority.

This separation is particularly important for agentic systems. Goals without values can lead
to misaligned optimization; values without preferences may fail to yield determinate action
guidance; and preferences without explicit value grounding risk opacity as well as social and
political fragility.

2.3. Three value ontologies

Our contribution is to connect these three dimensions formally: values are represented explicitly
as ontology objects, preferences are defined as value-grounded betterness relations, and project
or action goals are ranked either directly or, in the context-sensitive setting, as propositions over
possible worlds by lifting those relations.

We treat value reasoning as a human-centered, verifiable layer which provides: (i) a value
vocabulary; (ii) a betterness relation induced by that vocabulary and/or by context; and (iii)
refined reasoning tools, including CP reasoning, to isolate relevant dimensions and handle partial
knowledge.

Mechanization also helps maintain governance over time. When values, priority orderings,
or constraints are revised, dependent proofs may fail, new proof obligations may arise, or
inconsistencies may become derivable. In this sense, mechanization makes some forms of
normative drift and incoherence more visible and reduces the risk that normative assumptions
change without scrutiny. This approach therefore supports reproducibility, traceable justification
[8], and auditable reasoning.

Our approach builds on value-sensitive design [15, 16] and incorporates insights from the
Smart City Ethical Toolbox project conducted in Bamberg, Germany (2021-2023) [2]. This
ethical orientation identifies nine core values for Smart City projects, structured into three
thematic clusters:

e Individual: autonomy, justice, privacy;
e Society: participation, solidarity, transparency;
e Environment: efficiency, sufficiency, ecological resilience.

We formalize three complementary value-ontology variants. Ontology_Fix corresponds to set-
tings in which stakeholders insist on a stable, non-negotiable value hierarchy, such as institutional
or legal frameworks where certain values are codified as overriding priorities. Ontology_Flex
captures settings in which context sensitivity and deliberation are essential, such as participatory
urban-planning processes where stakeholders negotiate trade-offs dynamically. ontology_card
provides a quantitative variant of the flexible framework by comparing Cities and projects in
terms of the cardinality of needed values satisfied, rather than by subset inclusion alone.

Our formalization, implemented in Isabelle/HOL, pursues four objectives: (i) to provide precise
formal semantics for the nine values and their structured relationships; (ii) to define proof-checked
preference relations over projects and Smart City scenarios; (iii) to support flexible reasoning,
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including ceteris paribus (CP) reasoning (“all else equal”); and (iv) to align with the idea of a
rule-based, transparent Al ethical governor that evaluates candidate actions against formalized
norms and values [8, 10]. In this sense, the framework provides a regulatory governance layer for
representing and enforcing value-based constraints in Smart City applications involving AAI.

3. Logical Foundation: Preference Logic and Ceteris Paribus (CP)

3.1. Preference logic as formal basis

We employ preference logic »Z%—the logic of ranking alternatives—as our foundation, as
characterized in [17] (building on [18]) and mechanized by Benzmiiller et al. [19].
Formulas of P& are defined inductively over a set of propositional letters Prop:

p:i=plene)|—p| 030|100,  pe Prop.

Semantically, 2% is interpreted on preference models M = (W, X, V), where W is a nonempty set
of worlds, < is a preorder (reflexive and transitive), and V is a valuation. The strict part of < is
defined as

w<v(w<v)A(v < w).

The modal operators quantify over better worlds:
MwEQOSp & eWwvAMvEQ)

and similarly for the strict version. Thus, (=¢ expresses that ¢ holds at some world at least as
good as the current one, while ¢ requires a strictly better world.

Binary preference relations between propositions are obtained by lifting the world-level
betterness relation. In the following, we write s > t for t <5, i.e. for “s is at least as good as t.”
We focus on the EA lifting:

Me@rpay o 3se[[p]IM vie[[y]IM s>t

This means that there exists at least one realization of ¢ that is at least as good as all realizations
of . This pattern aligns with governance-relevant decision scenarios, where a single strong
instantiation of an option can dominate the entire feasible range of an alternative.

3.2. CP reasoning

Preference logic can be extended with CP reasoning [17], which enables comparisons that
hold certain background conditions fixed while varying others. This allows the isolation of
relevant value dimensions while suppressing irrelevant factors. Unlike standard description-logic-
based ontology languages, which are primarily designed for representing structured conceptual
knowledge, preference logic directly provides modal operators for betterness and CP comparison,
thereby supporting semantically rich forms of conditional reasoning.

Formally, CP reasoning is obtained by restricting comparisons to worlds that agree on a
background set T' of formulas. Intuitively, when evaluating a CP statement at a world w, only
worlds v that are I'-equivalent to w are considered; among those, betterness is evaluated as usual.

We extend the language with I'-indexed modalities:

¢ ::=plopl (@A) (D= (D¢ | (Do
CP models are tuples M = (W, <X, <r, V), where

wdrv & (Wv)A(w=pv),
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and
w=rv e YWEL(MwEy o MvEy).

This definition captures the standard CP idea: comparisons are restricted to worlds that agree
on I', and the underlying betterness relation is applied within this restricted domain.

The resulting framework supports conditional reasoning under partial knowledge and enables
comparisons relative to fixed value dimensions. This is particularly relevant for Smart City
planning tasks and for agentic Al systems that must justify decisions relative to explicit invariants
(e.g. “privacy held fixed while comparing participation outcomes”).

The distinction between unrestricted and CP comparison is reflected directly in our Is-
abelle/HOL mechanization. Such mechanization provides three key benefits: (i) clarity, since all
assumptions are explicit; (ii) trustworthiness, since results are mechanically verified; and (iii)
extensibility, since value vocabularies and preference structures can be revised while preserving
consistency guarantees.

4. Encoding the Value Ontologies

The mechanization of this logical foundation underpins the three ontology variants: a
fixed, non-modal hierarchy (Ontology_Fix) and two context-sensitive, world-based ontologies
(ontology_Flex and Ontology_Card). While this modal framework underlies the context-sensitive
ontologies (Ontology_Flex and Ontology_Card), the fixed ontology (Ontology_Fix) operates on
a non-modal value ordering and can be seen as a limiting case without explicit quantification
over worlds.

In the context-sensitive part of our setting (Ontology_Flex and Ontology_card), Smart City
scenarios are modeled as possible worlds, and preferences compare worlds that are at least as
good as or strictly better than others. Beyond world-level comparisons, the logic also supports
binary preference relations between propositions, interpreted here as Smart City projects of type
w = bool, via standard lifting patterns combining existential and universal quantification.

4.1. Ontology_Fix: lexicographic value hierarchy

In the first locale, ontology_Fix formalizes contexts in which stakeholders treat the value order
as stable and non-negotiable—for example, where institutional frameworks codify priorities. The
locale is parameterized by two promotion functions: promotes, returning a single value for point
comparisons, and promotes_set, returning the full set of values a project promotes, which is
required for the richer comparison layers and for CP reasoning. A non-emptiness assumption
is imposed on promotes_set: every project must promote at least one value. This ensures
that best_score is always well-defined and that vacuous projects—those with no normative
content—are excluded from the outset.

The ontology defines an inter-cluster ranking, such as Individual > Society > Environment,
and an intra-cluster ranking within each cluster, such as autonomy > justice > privacy within
Individual. From these, a strict value ordering v >, w is defined lexicographically: cluster
priority dominates, and intra-cluster rank resolves ties within a cluster. Isabelle/HOL verifies
the expected behavior of this ordering through concrete test cases.

At the project level, the formalization distinguishes three comparison layers. Project_Better
compares projects that promote a single value: project P is at least as good as Q if both promote
the same value or if the value promoted by P strictly outranks that of Q. Transitivity of this
relation is proved. Project_Better_2 provides a coarser cluster-based comparison, abstracting
away from intra-cluster distinctions: two projects associated with the same cluster are treated
alike at this level, even if one promotes autonomy and the other privacy. A derived result,
exists_best_cluster_project, establishes that if some project’s cluster strictly outranks all
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others, that project is globally preferred at the cluster level—illustrating how the framework
supports dominance reasoning.

Project_Better_3 handles projects that promote sets of values. Each value is assigned a
numerical score combining cluster rank and intra-cluster rank via the formula value_score(v) =
10 x cluster_rank(v) + intra_rank(v). The multiplier of 10 is chosen deliberately: since intra-
ranks range only from 1 to 3, any multiplier greater than 3 guarantees that cluster priority always
dominates intra-cluster distinctions, preserving the lexicographic structure in the numerical
encoding.

The best score of a project is then defined as the maximum score among its promoted
values, and project comparison proceeds by comparing these best scores. A concrete test case
verifies the intended behavior: if P promotes {Efficiency, Justice, Participation} and Q promotes
{Resilience, Transparency, Solidarity}, the best scores are 32 and 22 respectively, and Isabelle/HOL
confirms P >,3 Q. This third comparison layer is also a prerequisite for CP reasoning at the
project level, since CP comparisons operate over promoted-value sets with agreement conditions
on a background subset I'. The CP construction for Ontology_Fix is analyzed in Section 5.

As a decision layer, Ontology_Fix functions as a constraint-like governance mode: it supports
predictable, auditable rankings where values act as hard priorities. Its limitation is equally
transparent: lexicographic priorities block cross-cluster trade-offs, even when improvements
in lower-ranked clusters are substantial. This motivates the more flexible, context-sensitive
approaches developed in the following sections.

4.2. Ontology_Flex: context-sensitive value satisfaction

ontology_Flex models governance contexts where value satisfaction is world-dependent while the
set of needed values is fixed across worlds. The locale introduces a possible-worlds semantics in
which worlds are interpreted as Smart Cities. Two parameters are fixed: Smart_City_values(w),
the set of values associated with world w, and Neededvals, a global set of normative requirements
shared across all contexts. Both are defined as intersections with the union of recognized clusters
I'USUE, immediately verified by Isabelle/HOL:

Smart_City_values(w) CTUSUE, Neededvals CIUSUE.

This filtering step ensures that no value outside the recognized vocabulary can enter the
comparison, regardless of what the raw parameters supply.
World comparisons focus on the intersection:

smart_values(w) = Smart_City_values(w) N Neededvals,

i.e., the needed values actually satisfied in a given world. A Smart City is evaluated not by all
values it exhibits, but by which of the required values it meets. The subset-based betterness
relation is:

w>"v iff smart_values(v) C smart_values(w),

capturing a dominance criterion: w is at least as good as v if it satisfies all needed values that
v satisfies, and possibly more. Isabelle/HOL verifies reflexivity and transitivity. A further
verified result establishes that weak betterness in both directions implies extensional equality of
smart-value sets, giving antisymmetry up to value-profile identity. The strict variant combines
weak betterness in one direction with its failure in the other.

The locale Two_Worlds_Test instantiates Ontology_Flex with two concrete worlds W and V, ex-
plicit needed values, and explicit smart-city value sets. Isabelle/HOL computes smart_values(W)
and smart_values(V) and verifies W =" V. Methodologically important is a deliberate negative
test: an incorrect candidate for smart_values(W) is stated as a conjecture and immediately
refuted by Nitpick, confirming that the computed value sets are the only correct ones under the
given assumptions.
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4.3. Ontology_Card: quantitative betterness

ontology_Card extends Ontology_Flex with a cardinality-based variant of world comparison.
Instead of asking whether one world’s smart values subsume another’s, we compare how many
needed values each world satisfies:

w>¢v iff |smart_values(w)| > |smart_values(v)|,

with strict variant w > v defined by strict inequality. This relaxes the dominance criterion of
ontology_Flex: a Smart City may be considered better if it satisfies more required values, even
if the specific values differ.

Isabelle/HOL verifies the full order-theoretic profile of these relations: the weak relation
is a preorder (reflexive and transitive), the strict relation is irreflexive and transitive, and
strict betterness implies weak betterness. These properties are not merely convenient; they are
prerequisites for coherent preference reasoning in agentic systems, ruling out strict preference
cycles and pathological ranking behavior. Applying this to the concrete worlds W and V
from the test locale Two_Worlds_Test, Isabelle/HOL verifies that |smart_values(W)| = 3 and
|smart_values(V)| = 1, from which W »¢V follows directly.

4.4. Preference lifting for project governance

The locale Preference_Projects lifts world-level betterness to project preferences. Smart City
projects are represented as predicates over worlds, i.e., terms of type w = bool, where a predicate
denotes the set of possible Smart Cities in which the project is realized.

Following van Benthem et al. [17] and Benzmiiller et al. [19], world-level betterness can be
lifted to preferences between project propositions by means of different quantifier patterns (e.g.
EE, EA, AE, AA), which vary in strength depending on the placement of existential and universal
quantifiers over the corresponding worlds.

In this work, we focus on the EA lifting, which captures a natural governance intuition:

(@ =FAP)w) i Fup) A ¥v. () > u =" v).

Thus, ¢ is preferred to ¢y when there exists a Smart City realization of ¢ that is at least as good
as every Smart City realization of . We adopt a formulation of the EA lifting in which the
existential quantifier ranges over ¢-worlds and the universal quantifier ranges over y~worlds,
with the comparison oriented from the selected ¢-world to each y~world. This differs from the
formulation used in [19], but directly reflects the intended interpretation that one realization of
¢ dominates all realizations of ¢.

The emphasis on EA as the primary governance stance aligns with decision-making scenarios in
which a single sufficiently good implementation of a project justifies its selection over alternatives,
without requiring uniform superiority across all realizations. The same lifting is instantiated in
both subset-based and cardinality-based variants of our framework.

A key methodological point is that project rankings are not postulated directly; rather,
they are derived from explicit world-level value satisfaction, thereby preserving interpretability
and auditability. The proof structure of the test lemmas reflects this: both P_pref_Q and
P_pref_Q card require explicit witnesses, machine-computed smart-value sets from assumed
value profiles, and formally derived domination results. Isabelle/HOL verifies that under shared
assumptions about Neededvals and Smart_City_values, project P is preferred to project Q under
both the subset-based and cardinality-based EA-liftings, with the cardinality test succeeding in
a case where the specific values outside T differ between the two projects, illustrating the greater
permissiveness of the cardinality-based comparison.
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5. Domain-Specific CP Reasoning

Our treatment of CP reasoning instantiates and extends with technical novelties the equality-
based CP machinery mechanized by Benzmiiller et al. [19]. Compared to their work, our
mechanization gives CP domain-specific, set-theoretic interpretation: I is not a set of background
propositional formulas, but a set of objects whose role changes according to the specific ontology
under consideration.

In ontology_Fix, CP is implemented at the project level by requiring agreement on the values
in T, while recomputing project comparison on the complement of ' via a best-score function
over promoted values outside I'. Thus, CP does not merely restrict an antecedently given
preference relation; rather, it induces a I'-relative comparison that brackets background objects
and evaluates only the remaining value-relevant differences.

In Ontology_Flex and Ontology_card, CP is lifted to possible Smart Cities: worlds agree
ceteris paribus when their “smart values” coincide on I', and are then compared by subset
inclusion or by cardinality over smart_ values(w) — T, yielding two ontologically distinct notions
of CP betterness with different logical strength. Finally, these CP relations are lifted to project
propositions through existential-universal preference operators.

The framework is validated in Isabelle/HOL through both positive and negative proof tests, the
latter requiring care to avoid vacuous satisfaction of universal quantifiers over empty proposition
extensions.

5.1. CP in Ontology_Fix

Although ontology_Fix does not require a modal semantics for its basic value hierarchy, CP
comparison becomes meaningful once projects are compared through the full sets of values
they promote. This is why the CP construction is based on Project_Better_3. As seen in
subsection 4.1, the first two project-level relations, Project_Better and Project_Better_2 are
too coarse for CP reasoning since they compare projects by a single value or cluster. By contrast,
in Project_Better_3 the best score of a project is the maximum score among the values it
promotes, and project betterness is determined by comparing these best scores.

However, CP reasoning requires a refinement: rather than comparing projects on their full
promoted-value sets, comparison should be restricted to values outside the background set T.
This motivates the introduction of a T-relative best score:

best_score_except(I', P) = max({0} U{value_score(v) | v € promotes_set(P) \ I}).

The insertion of 0 into the maximized set ensures that the function is well-defined even when all
promoted values of P fall within T, leaving the complement empty. Project betterness is then
computed over this I'-relative score:

P> Q iff best_score_except(l,P) > best_score_except(I,Q).

CP agreement between two projects is defined separately, requiring that the two projects coincide
on I':
P=rQ iff Vver. (v € promotes_set(P) & v E promotes_set(Q)).

Two projects agree ceteris paribus when they either both promote or both omit every value in
the background set I. The background values are not ignored; rather, they are bracketed from
the comparison and held fixed as shared context.

The weak CP preference is then defined as:

Pt Q iff Pxf*Q A P=rQ,

and analogously for the strict version P >f Q. The relation is confirmed reflexive.
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This construction implements a substantive notion of CP reasoning: a project is better ceteris
paribus not because its overall best promoted value outranks the other’s, but because, once the
shared background values in I' are set aside, its best value among the remaining promoted values
carries a higher score. The bracketing is built into the comparison function itself, not imposed
as an external constraint on an antecedently given preference relation.

A concrete test case illustrates the construction. Let P promote
{Efficiency, Justice, Participation}, Q promote {Efficiency, Transparency, Participation}, and
I' = {Efficiency, Participation}. Both projects agree on I'. Outside T, P promotes only Justice
(score 32) and Q promotes only Transparency (score 21). Since 32 > 21, Isabelle/HOL verifies
that P >f Q. This example shows how the fixed ontology supports a controlled form of
value-sensitive comparison: differences within the agreed-upon background are neutralized, and
ranking is determined solely by the value-relevant variation outside T

5.2. CP in Ontology_Flex and Ontology_Card

The CP extension of the context-sensitive ontologies differs from the corresponding construction
in Ontology_Fix. In Ontology_Flex and Ontology_Card the objects compared are possible Smart
City worlds, and the construction is a two-step operation: (i) enforcing invariance on I', and (ii)
evaluating betterness on the remaining values outside I'. Without these steps, the result would
merely be a restricted comparison, not a genuine CP one.

The Isabelle/HOL locale Ceteris_Paribus implements this idea for both context-sensitive
ontologies. The common agreement condition is:

w=lv iff Vx el (x € smart_values(w) © x € smart_values(v)).
Two Smart City worlds are CP equivalent relative to I' when they agree on the membership of
all values in T. The set-theoretic reading of this condition is explicitly verified by Isabelle/HOL,
confirming that agreement on I' amounts to equality of the relevant value profiles restricted to T.
For ontology_Flex, where world comparison is subset-based, CP betterness is defined as:

wly iff (smart_values(v) - I‘) c (smart_values(w) - F) Aws=ly
with an analogous strict variant. World w is at least as good as v, all else equal, if w satisfies
at least all the values that v satisfies outside I', while both worlds agree on I'. The relation is
confirmed reflexive by Isabelle/HOL.
For ontology_card, the same CP structure is applied to the cardinality-based comparison:

WEE v iff |smart_values(w)—TI| > |smart_values(v) —I| A w=l v,

with an analogous strict variant. The difference between the two ontologies therefore lies in how
remaining values are compared: Ontology_Flex captures dominance in terms of which values
are satisfied, while Ontology_Card captures comparative coverage in terms of how many values
are satisfied.

5.3. CP involving projects

These CP world comparisons are then lifted to project preferences, with Smart City projects
represented as predicates over worlds. The CP version of the EA-lifting for the subset-based
ontology is:

o =EAV Yy i Aw. Fu o(u) A Vv, (Y(v) > u>lv),

and for the cardinality-based ontology:

o =EAT Y dw. 3. () A Y. (P(0) > uv).
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In both cases, the project-level preference is returned as a world-indexed proposition, but its
truth does not vary with the evaluation world. The substantive comparison is between project
extensions: there must exist a realization u of ¢ that CP-dominates every realization v of y."

Test cases validate the intended semantics. For the subset-based case, Isabelle/HOL verifies a
positive instance in which two worlds agree on I' = {Autonomy, Privacy}, and outside I' the smart
values of v are a strict subset of those of w, so that w>T v holds. A negative instance is also
verified: when the smart values of v outside I" are not a subset of those of w, the preference fails.

For the cardinality-based case, an analogous pair of tests confirms that what matters is the
number of values satisfied outside T, not their specific identity. In particular, the cardinality test
succeeds in cases where the subset test would fail, illustrating the greater permissiveness of the
cardinality-based comparison. In both the subset and cardinality negative tests, the assumption
that at least one y~world exists is necessary: without it, the universal condition over y~worlds
would be vacuously satisfied for any ¢-world.

Overall, the CP extension makes explicit how context-sensitive value reasoning can be con-
strained by fixed background commitments. Project preferences are derived by lifting world-level
CP comparisons, preserving the general architecture of the framework: values determine world
rankings, world rankings determine project rankings, and CP clauses specify which value
dimensions must remain fixed during comparison.

6. Adaptability and Future Work

We presented a mechanized framework in Isabelle/HOL for value-sensitive preference reasoning
in Smart City governance, intended to support agentic Al systems that rank candidate actions
transparently and adapt to evolving normative environments. Ontology_Fix captures rigid
hierarchies suitable for institutional and legal contexts, and supports CP reasoning under partial
information by introducing a I'-relative best-score function that brackets shared background
values and evaluates projects solely on the remaining value-relevant differences. Ontology_Flex
captures context-sensitive evaluation grounded in world-dependent value profiles and explicit
needed-value satisfaction, and extends this with a CP betterness relation between worlds based
on subset inclusion outside I'. Ontology_Card provides a quantitative notion of value coverage
that supports interpretable comparison when strict dominance is too restrictive, and admits an
analogous CP extension based on cardinality. Betterness relations and CP preferences are lifted
from worlds to project predicates via existential-universal operators, anchoring project rankings
in observable and formally verified criteria.

Our framework supports adaptability in three respects, corresponding to objectives stated in
the introduction.

Revisability: because values, clusters, and rankings are defined as types, sets, and functions,
updating the value vocabulary or changing the needed-value requirements triggers explicit proof
obligations in Isabelle/HOL. Earlier lemmas may fail and must be repaired, forcing reconciliation
of normative assumptions and preventing silent drift in an agent’s value commitments — making
some forms of normative incoherence visible before they propagate.

Meta-property checking: mechanization enables systematic verification of whether newly
introduced rules preserve desired properties, such as transitivity of project preferences, coherence
of CP restrictions, or preorder conditions on betterness relations. This is directly relevant to
value misalignment: the framework exposes cycles and unintended dominance artifacts at the
level of formal proof rather than through post-hoc inspection.

Portability: ontology_Flex and Ontology_Card support transfer across cultural and societal
frameworks by allowing world-dependent value profiles and parameterizing Neededvals. Different

1Although the right-hand side of the formulas is extensionally independent of w, it is represented as a predicate of
type w = bool in Isabelle/HOL in order to remain uniform with the embedding of formulas as world-indexed
predicates.
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jurisdictions can instantiate different needed-value sets and different comparison semantics —
subset inclusion or cardinality — while sharing the same reasoning infrastructure, enabling
culturally sensitive governance with formal auditability.

One direction for future work is to investigate how the guardrails provided by our framework
could be transferred into a regulatory setting in which an ethical governor enforces encoded
values by constraining the actions of artificial agents; a simulation-based approach would be a
further step toward real-world applicability. A second direction concerns the pre-processing stage
of the agentic planning loop, where two challenges arise: how value aggregation is facilitated, and
how distinct values are properly represented. Semantic web approaches and natural language
processing techniques provide automated classification and indexing of text to extract value-
laden content often implicitly present in textual artifacts, and semantic clustering methods
could aggregate fine-grained values into the general values processed by the explicit value layer
presented here.
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From Ethical Breakdown to Normative Safety: Five Failure
Models for Responsible Automated Decision-Making
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Abstract

As artificial intelligence (AI) and automated decision systems increasingly mediate interactions between orga-
nizations and the public, ethical failures have become recurring socio-institutional crises rather than isolated
technical incidents. These failures are often attributed to deficiencies in moral reasoning or value alignment at
the level of individual decisions. This paper takes a different approach by examining the ethical breakdowns of
automated decision-making as the result of recurring root causes that emerge when systems are required to act in
normative domains under conditions of speed, complexity, and delegation. Drawing on interdisciplinary research
in Al ethics, organizational responsibility, and high-risk engineering, the study identifies five recurring moral
and ethical failure models—epistemic error, rule violation, moral improvisation, social harm, and responsibility
diffusion—derived through a lifecycle analysis of automated decision execution. These failure models highlight
systematic limitations in how values, preferences, and constraints are specified, interpreted, or operationalized in
automated reasoning processes, particularly where value conflicts are left underspecified or resolved implicitly
through optimization or default logic. Rather than proposing new mechanisms for value-based reasoning, the
paper offers a diagnostic account of why reasoning with values and preferences in public-facing automated
systems frequently breaks down in practice. By articulating these root causes, the paper establishes an analytical
foundation for subsequent work on safety-oriented and responsibility-preserving approaches to automated
decision-making, without assuming that machines themselves can or should engage in moral reasoning.

Keywords
Al ethics, automated decision-making, values and preferences, normative reasoning, responsibility, normative
safety

1. Introduction: Ethics After the Fact

Artificial intelligence has moved rapidly from experimental technology to institutional infrastructure.
Automated systems now participate in hiring decisions, credit scoring, content moderation, public
service delivery, and crisis communication. In many such cases, Al does not merely support human
judgment; it executes decisions that carry legal, social, and moral consequences.

When these systems fail, the resulting crises are rarely technical in nature. Instead, they surface
as ethical controversies: accusations of unfairness, lack of transparency, dignity violations, or abdi-
cation of responsibility. Public relations professionals are frequently placed at the center of these
situations, asked to explain outcomes that no single individual appears to have decided. Common
organizational responses—“the algorithm did it “the system followed the model,” or “this was an
unintended outcome”—tend to exacerbate public mistrust rather than resolve it [1].

This recurring pattern points to a deeper structural problem in how values, preferences, and con-
straints are handled in automated decision-making. Ethical deliberation is typically invoked only after
harm has occurred, when value-sensitive reasoning has already given way to post hoc explanation, and
responsibility is difficult to reconstruct because normative choices were displaced ex ante into system
design and configuration, where they often remain implicit or underspecified.

This paper approaches this problem by identifying recurring structural patterns of failure in automated
decision-making.

To address this mismatch, the paper proposes a shift in perspective: from treating Al ethics primarily
as a question of moral reasoning or professional virtue, to treating it as a question of normative

VPR 2026: Symposium on Values and Preferences in Reasoning, July 1-2, 2026, AISB 2026
& ermo.taks@taltech.ee (E. Téks)
@ @ : © 2026 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).

26



safety. Drawing inspiration from nuclear energy and aviation safety—domains that have long grappled
with high-risk automation—the paper identifies five recurring failure models that explain why ethical
breakdowns occur and how they might be prevented [2].

The failure models are derived from a lifecycle analysis of automated decision execution. Existing
literature is used to support and contextualize this analysis. In this perspective, ethics is not treated as
a value to be optimized, but as an assessment of how values, preferences, and constraints are specified
and combined in execution.

In this paper, values, preferences, and constraints are treated as distinct components of decision
specification. Values refer to desirable outcomes or principles (such as fairness or safety), preferences
determine how competing values are weighted or prioritized, and constraints define non-negotiable
boundaries that must not be violated. This distinction is important because different types of failure
arise depending on how these elements are specified and combined in execution.

2. Five Moral and Ethical Failure Models

The identification of five root causes of ethical failure is based on a lifecycle analysis of automated
decision execution under a hypothetical but realistic automation architecture [3]. At each stage of the
decision process—fact acquisition, norm application, conflict handling, action execution, and post hoc
accountability—we asked which failures cannot be ethically repaired after the fact.

For the purposes of this analysis, automated decision execution is understood as a sequence of stages:
fact acquisition, norm application, conflict resolution, action execution, and post hoc accountability.
The failure models are derived by examining each stage and asking what type of breakdown at that
stage cannot be corrected after the action has been taken.

A failure model is identified when a breakdown (e.g. incorrect input, violated constraint, unresolved
conflict) directly leads to an ethically problematic outcome at the moment of action. The five models
are therefore not based on observed cases, but on a systematic mapping between stages of decision
execution and irreparable forms of failure.

This analysis yields five irreducible failure modes: epistemic error, legal violation, moral improvisation,
social harm, and responsibility diffusion. These categories are analytically distinct (they capture different
types of failure), lifecycle-specific (each corresponds to a particular stage of decision execution), and
stable across domains and technologies.

The failure models are distinct at the level of causal explanation, even though their outcomes may
overlap. For example, social harm may result from rule violations, but it can also occur independently
of them.

This paper adopts a deductive approach: the failure models are derived deductively from this lifecycle
analysis, while existing literature is used to contextualize and validate the resulting framework.

This analysis does not attempt to reconstruct individual decisions after the fact. Rather, it identifies
recurring structural conditions under which ethical breakdown becomes likely, even when specific
decisions cannot be fully explained retrospectively. The analysis does not present a new ethical theory,
but instead abstracts recurring failure patterns observed across automated systems that operate in
normative domains. Each failure model captures a distinct way in which ethical breakdown occurs
when automation outpaces institutional safeguards.

This paper argues that harm categories used in Al risk management frameworks can be traced back
to epistemic, normative, and responsibility-related failures at the moment of action. One purpose of
this article is to connect root causes of potential harm affecting people, organizations, and ecosystems.

To illustrate the practical implications of the identified failure models, consider a simple path-planning
scenario derived from an occupational safety rule (OSHA 1910.178(m)(1)):

“Trucks shall not be driven up to anyone standing in front of a bench or other fixed object”

When implemented in a minimal autonomous navigation setting, this rule produces three distinct
system behaviors depending on how it is operationalized. If treated as a non-binding constraint, the
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system may generate a technically valid trajectory that nonetheless violates the rule, corresponding to
rule violation. If encoded as a soft constraint within an optimization framework, the system may avoid
the prohibited situation in most cases but still resolve conflicts implicitly, reflecting moral improvisation.
However, when the rule is enforced as a strict normative boundary, the system may determine that no
permissible trajectory exists and therefore refuse to act.

This outcome—refusal in the absence of normatively valid options—demonstrates that ethical failure
is not inherent to automation itself, but arises from how normative constraints are specified, prioritized,
and enforced at the point of execution.

2.1. Epistemic Error: Acting Without Adequate Knowledge

The first failure model concerns epistemic error: decisions made on the basis of incorrect, incomplete, or
uncertain information. Automated systems often rely on sensor data, inferred attributes, or probabilistic
models. When uncertainty is treated as certainty, systems may act where caution or refusal would be
more appropriate.

From an ethical perspective, epistemic error undermines fairness and legitimacy. Individuals affected
by such decisions experience them as arbitrary or unjust, regardless of intent. Crucially, no amount of
moral reasoning can correct a decision made on false or insufficient facts.

In public-facing systems, epistemic error often manifests as misidentification, erroneous eligibility
determinations, or inappropriate targeting. When organizations respond by emphasizing model accuracy
or statistical performance, they frequently miss the underlying ethical concern: the system acted when
it did not truly know.

2.2. Rule Violation: Crossing Non-Negotiable Boundaries

The second failure model involves rule violation: actions that are prohibited regardless of potential bene-
fits, including violations of legal rights, jurisdictional authority, or explicit organizational commitments.
Ethical controversies arise when automated systems trade compliance for efficiency, optimization, or
perceived utility.

This failure reflects a breakdown in deontic constraints—the “must not” rules that set the outer limits
of acceptable action. In many systems, these constraints are treated as soft guidelines rather than hard
boundaries, allowing outcome-based reasoning to override them.

For publics and regulators, rule violations are especially damaging because they signal that funda-
mental protections are negotiable. Public relations efforts that emphasize intent or benefit rarely restore
trust once such boundaries are crossed.

2.3. Moral Improvisation: Unauthorised Value Trade-Offs

The third failure model is moral improvisation. Automated systems often face situations requiring
trade-offs between competing values, such as efficiency versus fairness or safety versus autonomy.
When such trade-offs are not specified in advance, systems resolve them implicitly through optimization
processes or built-in default mechanisms [4].

This is not moral reasoning but unauthorized moral improvisation. Ethical concern arises when
affected individuals realize that no one explicitly decided which values should prevail.

Moral improvisation is especially problematic because it erodes legitimacy quietly. Organizations
may remain unaware of these trade-offs until public scrutiny exposes them, at which point it is unclear
who authorized the underlying value hierarchy.

2.4. Social Harm: Technically Correct, Ethically Damaging Outcomes

The fourth failure model concerns social harm. Even when decisions are factually accurate and rule-
compliant, they may still cause avoidable harm. Examples include stigmatizing communication, dispro-
portionate enforcement, or outcomes that escalate conflict unnecessarily [5].
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From a public relations perspective, these failures are especially visible. A decision may be legally
defensible yet socially unacceptable. Public reaction is often driven less by formal correctness than by
perceived carelessness, lack of empathy, or disregard for human impact.

This failure model aligns with consequentialist concerns: foreseeable harms should be minimized
when choices exist. However, in many systems, outcome analysis is either absent or subordinated to
efficiency metrics.

2.5. Responsibility Diffusion: When No One Stands Behind the Decision

The final and arguably most consequential failure model is responsibility diffusion. Automated systems
often operate across organizational boundaries involving designers, vendors, operators, and users.
When harm occurs, responsibility is distributed so widely that it effectively disappears.

For the public, responsibility diffusion is experienced as institutional evasion. Statements such as
“the system made the decision” undermine trust by suggesting that no human authority stands behind
the outcome. For public relations professionals, this creates a profound ethical and communicative
challenge: they are expected to account for decisions that lack a clear author [1, 6].

This failure model is not accidental. Automation shifts decision-making authority upstream into
system design and configuration, while responsibility is assessed downstream after outcomes occur.
Without explicit mechanisms to reconnect decisions to accountable decision-makers, diffusion becomes
inevitable. While Bowen documents responsibility diffusion in organizational contexts, the present
analysis explains its architectural inevitability [7].

Failure Model Scenario Description Normative Breakdown

Epistemic Error The system fails to correctly detect a per- The rule cannot be meaningfully applied
son standing in front of a bench and plans  due to incorrect or incomplete factual in-
a trajectory that approaches them. put.

Rule Violation The system correctly identifies all relevant  The rule is represented but not enforced as

elements but generates a trajectory that a binding constraint.
violates the rule.

Moral Improvisation = The system encounters an undefined A missing normative specification is re-
boundary (e.g. distance) and resolves it placed by implicit value balancing.
through optimization trade-offs.

Social Harm The system respects the defined constraint  Formal compliance produces undesirable
but behaves in a way perceived as unsafe  social outcomes due to insufficient contex-

or inappropriate. tualization.
Responsibility Diffu- The parameters defining compliance (e.g. No clear authority can be identified as re-
sion safe distance) are implicitly set across sys- sponsible for the operationalized norm.

tem components.

Table 1
Failure models illustrated through a single OSHA safety rule scenario: “Trucks shall not be driven up to anyone
standing in front of a bench or other fixed object.”

As illustrated in Table 1, the scenarios demonstrate that all five failure models can arise from the
same underlying rule, depending solely on how it is operationalized within the system.

3. Lessons from High-Risk Engineering Domains

The five failure models outlined above are not unique to Al. Similar patterns appeared historically in
nuclear energy and aviation, where reliance on human judgment, professional ethics, or situational
oversight proved insufficient under conditions of complexity and speed.

In these domains, safety was achieved not by asking systems or operators to reason ethically at
runtime, but by embedding ethical commitments into design constraints, operational limits, and refusal
mechanisms [8]. Uncertainty triggers shutdown rather than improvisation. Non-negotiable rules cannot

29



be overridden by perceived benefits. Responsibility is assigned ex ante through licensing, certification,
and clear authority chains [9].

These practices suggest that ethical robustness at scale requires safety-oriented structures. Crucially,
refusal—choosing not to act under uncertainty—is treated as a success state rather than a failure.
Responsibility remains institutional and traceable, even when automation is extensive.

4. Implications for Public Relations and Ethical Governance

Reframing Al ethics failures as normative safety failures shifts attention from post-crisis explanation to
pre-deployment design and clarifies that many controversies stem from missing structural safeguards
rather than individual moral failings.

For public relations professionals, this opens an upstream role in defining normative constraints and
accountability frameworks, moving ethical communication away from defending outcomes toward
preventing predictable failures.

This approach does not reduce the importance of ethics, but places it where it is most effective: in
setting values and boundaries before systems act, rather than improvising under pressure.

5. Conclusion

The ethical challenges posed by Al are often framed as unprecedented. Yet the patterns of failure observed
in automated decision-making closely resemble those encountered in earlier high-risk technologies.
What is novel is not the nature of the risk, but the domain in which it operates: the normative space of
rights, opportunities, and social trust.

The failure models identified in this paper are not avoidable in the sense that systems will inevitably
encounter situations involving uncertainty, conflict, and incomplete specification. However, they are
preventable in their consequences: normative safeguards can ensure that systems do not act when no
permissible option exists.

By identifying five recurring moral and ethical failure models—epistemic error, rule violation, moral
improvisation, social harm, and responsibility diffusion—this paper provides a foundation for a diagnostic
framework that bridges ethics, public relations, and system design. The central argument is that ethics
alone cannot scale without normative safety infrastructures that constrain action, enable refusal, and
preserve accountability.

For Al to be ethically sustainable in public-facing contexts, societies must move beyond ethics as
after-the-fact reflection and toward ethics as pre-deployment structure. In doing so, automated systems
can be made not morally autonomous, but normatively safe—supporting ethical practice rather than
undermining it.
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