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1. Introduction 

Artificial Intelligence (AI) in 2025 is turning 70 years old as a scientific endeavour. In recent years, 

AI has moved beyond the realms of Science and Technology to attract the interest of corporate 

businesses as a strategic element for competitive advantage, triggering a race for market leadership 

and leveraged revenues, often at the cost of spreading unrealistic expectations about AI technologies 

(Barrow, 2024; Floridi, 2024; LaGrandeur, 2024; Markelius et al., 2024; Placani, 2024; Widder & 

Hicks, 2024). This scenario has raised ethical concerns about business practices and, as a response, the 

preparation of policies and methodologies for the responsible development and adoption of AI (Cath 

et al., 2018; Gambelin, 2018; McLarney et al., 2021; Shahriari & Shahriari, 2017; UNESCO, 2022). 

Bringing these policies and methodologies to action has proven to be challenging, considering the 

requirements of well-stated action plans and clear business advantages for corporations. 

In this article, our goal is to complement existing policies and methodologies with a formal framework 

to address ethical concerns, aligned with characterisations of ethics, virtue, and the moral worth of 

actions proposed by Hellenistic philosophers following the tenets of Stoicism, which stands out among 

Abstract 

In recent years, the name Artificial Intelligence (AI) has admitted interpretations beyond the borders of 

Science and Technology, reaching out to the realms of commercial and social phenomena. Ethical issues 

have resulted from this polysemy, leading to the development of policies and methodologies to define, assess 

and safeguard ethical standards in the development and adoption of AI products. In the present article, we 

unfold the different interpretations of AI and introduce a formal framework based on which computational 
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Western philosophical schools for focusing on the practice of philosophy and the importance of clear 

and logical reasoning. 

A commitment to the development and adoption of morally praiseworthy products is clearly 

advantageous to society, but it may not be embraced by corporate business without a clear offer of 

competitive advantages. For this reason, we also argue that morally praiseworthy product development 

and adoption can contribute to business longevity, heretofore considered as a competitive business 

advantage. In Section 2, we review the perspectives on ethics, virtue, and the moral worth of actions 

adopted in this work. In Section 3, we review the field of AI, with a particular focus on recent 

developments and the business of AI. In Section 4, we present a formal framework to help assess the 

moral worth of decisions related to the development and adoption of AI products. Finally, in Section 

5, we present some discussion and conclusions. 

2. Ethics and the Moral Worth of Actions 

Ethics refers to “a system of accepted beliefs that control behaviour, especially such a system based 

on morals”, while morality refers to “the standards of good or bad behaviour, fairness, honesty, etc. 

that each person believes in, rather than to laws”.1 Combining these two concepts, we can interpret 

that ethics refers to beliefs that structure a code of conduct based on established standards of good or 

bad behaviour. These standards are named morality. 

Ethical studies are commonly structured based on three complementary perspectives (Vallor & 

Rewark, 2018): 

1. Duty Ethics, based on moral principles typically established in norms, regulations, and laws, 

indicating individual and collective conduct leading to social good. Documents establishing 

moral principles can be as old as the Babylonian Code of Hammurabi (c. 1800 BC) and the 

Egyptian Laws of Maat (c. 1200 BC) (O’Regan, 2024). 

2. Consequence Ethics, explicitly articulated during the late British Enlightenment by Jeremy 

Bentham and John Stuart Mill, suggesting that actions should maximise pleasure and minimise 

pain. Consequence Ethics depends on the quantification of the consequences of actions, so that 

a balance can be calculated to judge the morality of actions. 

3. Virtue Ethics, based on the concept of good life developed by ancient Greek philosophers such 

as Socrates, Plato, Aristotle, and the Stoics: a good life is a life devoted to Virtue, which is 

 
1 Cambridge Dictionary, Cambridge University Press, n.d., http://dictionary.cambridge.org/dictionary/english. Retrieved 

on 10 July 2025. 
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defined as participation in the natural order of things (Brennan, 2015; Jedan, 2009; Snow, 

2017). Virtue is observable through a set of cardinal virtues, indicating rules of conduct that 

can be subject of ethical appraisal. Socrates, Plato, and the Stoics identified four cardinal 

virtues: prudence, perseverance, temperance, and justice. Aristotle further unfolded the 

cardinal virtues, adding refinements to the four original ones. This characterisation of good life 

and virtues has been echoed in other regions and times and can be identified in sacred writings 

of Jewish, Christian, Islamic, Buddhist, and Taoist traditions. 

A common attribute of the three perspectives is that they all deal with the appraisal of the moral worth 

of actions (respectively, based on moral obligations, the balance between entailed pleasure and pain, 

and cardinal virtues). In the present article, we focus on Virtue Ethics (Vallor, 2016; Vallor, 2024), 

based on which we introduce a formal framework for the appraisal of the moral worth of actions, which 

are judged based on the extent to which they support virtuous behaviour. The appraisal of the moral 

worth of actions is based on justifications and motivations for acting (Markovits, 2010; Markovits, 

2012; Sliwa, 2016): If an individual acts for justified reasons and based on the right motivations, the 

corresponding actions are considered moral, otherwise they are immoral. 

A framework to assist in the appraisal of the moral worth of actions must provide the means to judge 

actions objectively and consistently, in order to be a practical guideline for actions. Stoicism is an 

approach to philosophy that started in Hellenistic Greece and stands out among other Greek 

philosophical schools by focusing on the practice of philosophy in everyday life and the importance 

of clear and logical reasoning. Given our interest in operational guidelines for the responsible 

development and adoption of AI, these attributes seem appropriate to build a formal framework to 

support the assessment of actions. 

The proposed framework is built using a non-monotonic first-order logic known as the logic of 

stratified normal clauses (Apt et al., 1988; Fitting & Ben-Jacob, 1990; Kolaitis, 1991; Kunen, 1989), 

which is interesting from the perspectives of knowledge representation and computational deductive 

reasoning:  

• From the point of view of knowledge representation, it characterises an expressive language, 

capable of expressing logical reasoning and representing complex domains using first-order 

predicates and functions. Non-monotonicity is conveyed by the non-classical negation-as-

failure, through which the inclusion of new facts in a logical theory can retract previous 

theorems from it, thus providing increased expressiveness in comparison with classical 

monotonic logics. 
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• From the point of view of computational deductive reasoning, it relies on a sound and complete 

algorithmic deductive machinery. Stratification ensures that for each logical theory, there is a 

single semantic model. 

The expressiveness of this logic is suitable to represent the knowledge required to assist the appraisal 

of the moral worth of actions related to the development and adoption of AI products. This logic, 

already adjusted for the computable framework described in this article, contains the following 

alphabet, given a maximum cardinality N < ∞: 

• A finite set of constants: 

C = {c1, c2, ..., cnc}, nc ≤ N. 

• Given a maximum arity K < ∞, for each k ∈ {1, 2, ..., K}: 

– a finite set of k-ary function symbols: 

 

– a finite set of k-ary predicate symbols: 

 

• A countable set of variables: 

X = {x1, x2, ...}. 

• Connectives: ¬, ∧, ←. 

• Quantifiers: ∀, ∃. 

Using this alphabet, the following expressions are defined: 

• Terms t are constants c, variables x or, inductively, function applications on terms f k(t1,...,tk). 

• Atoms Pa are predicate applications on terms pk(t1,...,tk). 

• Literals L are atoms Pa (positive literals) or negated atoms ¬Pa (negative literals). 

• Free and bound variables are defined as usual in logical theories. 

• Positive clauses are positive literals in which all free variables are universally quantified: 

∀(pk(t1, ..., tk)). 

A positive clause is stratified if it does not have any free variable. 

Query clauses are negative literals in which all free variables are existentially quantified: 

∀(¬pk(t1, ..., tk)) ≡ ¬∃(pk(t1, ..., tk)). 
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Normal clauses are universally quantified expressions in “rule form”: 

. 

In a normal clause, the literal Pa is called the conclusion and the conjunction 

) is called the premise. 

• Stratified normal clauses are normal clauses in which free variables occur only in positive 

literals inside the premise. 

• Normal theories are finite collections of clauses in which all clauses are positive or normal. 

• Stratified normal theories are normal theories in which all clauses are stratified. 

A normal theory is expected to characterise a complete description of the relevant solutions of a 

specified problem. When a query clause is added to a normal theory, consistency is checked, and, in 

case the inclusion of the query generates an inconsistency, the opposite of the query is proven by 

contradiction. 

Intuitively, stratification adds to normal theories full specification across negations, as universally 

quantified variables are allowed only in positive literals inside the premise. For this reason, this 

language is tailor-made for the specification of guidelines and recommendations in systems 

development and decision making in problem solving. As already pointed out, verification by 

contradiction in stratified normal theories is also convenient from a computational point of view, as 

deductive reasoning can be implemented for these theories. In fact, computational reasoning for these 

theories is the heart of the programming language PROLOG, which was once a prominent language to 

develop AI systems (Wielemaker, 2012). 

A step-by-step description of the proposed framework expressed as a stratified normal theory is as 

follows. In this description, we employ self-descriptive names for the predicates and terms. We also 

adopt the PROLOG syntax notation and represent variables using names starting with capital letters, 

and predicates and other terms using names starting with small letters. 

The theory is planned to be used to build product justification documents, which can be queried to 

verify whether a specification of actions related to the development and adoption of AI products is 

morally praiseworthy, in the sense that it is justified and motivated by the defense of Virtue, as 

expressed by cardinal virtues. In other words, Virtue should be the goal of actions related to product 

development and adoption. 

Actions are performed by agents and related to specific products. Actions are also justified by their 

expected effects and motivated by a chain of concepts that leads to cardinal virtues. Justifications and 
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motivations are characterised using implication relations and can be distinguished according to the 

conclusions of clauses in which they occur. Justifications should also be motivated by Virtue; hence 

all implicative chains should point to Virtue. The verification of a specification of actions must 

therefore indicate that Virtue is the final goal of any action. 

Operationally, this verification can be performed using a query clause of the form 

¬virtue(namedPr, namedAg). 

The goal should be to count on a stratified normal theory of specifications of actions such that, together 

with this query, the theory would become inconsistent. The terms namedPr and namedAg indicate, 

respectively, a specific product and a specific agent whose moral appraisal is being verified. 

Intuitively, this query clause states that Virtue cannot be present given the product namedPr and the 

agent namedAg. 

Observable virtuous behaviour should be motivated by Virtue. Hence, virtues such as the cardinal 

virtues ought to be motivated by Virtue, which can be expressed using the following clause: 

∀(virtue(Pr, Ag) ← cardinal(Pr, Ag, Crd)). 

Intuitively, the combination of the query clause and this normal clause entail that there cannot be a 

cardinal virtue namedCrd that can be observed given namedPr and namedAg. 

An operational rendition of how to exert cardinal virtues is a little more elaborate. The general principle 

to be considered is that such behaviour should be the effect of a conjunction of events, none of which 

being considered harmful. This can be formalised as follows: 

• The only function explicitly employed in this formalisation is the list constructor, recursively 

defined to build the corresponding data structure usual in computer programs. We employ the 

standard PROLOG notation [H|T] to indicate the first element H and the rest T of the list. 

• Given that a cardinal virtue should be the effect of a conjunction of events, a ground list of 

event names should be the premise for any specified virtue to be observed. 

Harms caused by specific events should be checked in two steps: 

1. Potential harm should be explicitly identified as a set of pairs ⟨Events,Harms⟩, in which Events 

would indicate a conjunction of events and Harms would indicate a set of potential harms 

entailed by this conjunction of events. 

2. In order for any specific Harm present in the set Harms to occur: 

• A conjunction of causing events must occur, and  
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• A conjunction of preventive events must NOT occur. 

For a behaviour to be considered virtuous, it should be grounded on the expected conjunction of events, 

none of which being provably harmful. This characterisation can be captured using the following 

clause: 

• ∀(cardinal(Pr, Ag, namedCrd) ← all(Pr, Ag, namedCrd, namedCrdEvents) ∧ potHarms(Events, 

Harms) ∧ subset(Events, namedCrdEvents) ∧ ¬exists(Pr, Ag, namedCrd,Harms)). 

Intuitively, given a specified cardinal virtue namedCrd and a specified conjunction of events 

namedCrdEvents expressed as a list of event names, the conjunction of events is a prerequisite for the 

cardinal virtue, if there is no occurring harm belonging to a list Harms linked to a list Events which is 

a subset of namedCrdEvents. 

Every event must be caused either by another event or by an action motivated by virtuous behaviour: 

• ∀(event(Pr, Ag, Crd, namedEvent) ← event(Pr, Ag, Crd, namedEvent′)). 

• ∀(event(Pr, Ag, Crd, namedEvent) ← action(Pr, Ag, Crd, namedAction)). 

• ∀(all(Pr, Ag, Crd, [namedEvent|Events]) ← event(Pr, Ag, Crd, namedEvent) ∧ all(Pr, Ag, Crd, 

Events)). 

• ∀(all(Pr, Ag, Crd, [])). 

Occurrence of a particular Harm ∈ Harms can be verified using the following clauses: 

• ∀(exists(Pr, Ag, Crd, [Harm|Harms]) ← actualHarm(Pr, Ag, Crd, Harm)). 

• ∀(exists(Pr, Ag, Crd, [Harm|Harms]) ← ¬actualHarm(Pr, Ag, Crd, Harm) ∧ 

exists(Pr,Ag,Crd,Harms)). 

• ∀(actualHarm(Pr, Ag, Crd, namedHarm) ← all(Pr, Ag, Crd, namedCrdEvents) ∧ ¬all(Pr, Ag, Crd, 

namedCrdEvents′)). 

This stratified normal theory can be complemented with specific named agents, products, cardinal 

virtues, harms, and events, as well as statements of potential harms and actions. The query clause can 

be used to verify whether Virtue is the motivation for actions, and a minimality verification with 

respect to the semantic model that supports the complemented theory can be used to ensure that no 

actions involving the agents under consideration and related to the products under consideration are 

performed for motivations other than the pursuit of Virtue. 

In Section 4 a concrete example of the use of this tool is presented, illustrating the tool in action. Given 

that this article is focused on ethical requirements for AI, before the presentation of this example, we 

present an overview of the field of AI. 
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3. An Overview of AI 

AI can be considered as a scientific endeavour, a specialisation in engineering, and a niche for business 

development. The term “Artificial Intelligence” was used for the first time to name a research field at 

the workshop held at Dartmouth College (USA) in 1956, which aimed at the validation of the 

conjecture that “(...) every aspect of learning or any other feature of intelligence can in principle be 

so precisely described that a machine can be made to simulate it” (McCarthy et al., 1955). It focused 

on intelligent behaviour, studied using incrementally refined models of intelligence and adopting 

biological intelligent behaviour as a reference. 

As an important methodological consideration given this characterisation of AI, it should be observed 

that concepts such as General Intelligence, referring to models that could be considered fully 

equivalent to biological intelligence, or Super Intelligence, referring to models that could surpass 

biological intelligence, cannot be valid targets of AI as a scientific initiative, considering that both 

concepts would indicate results of experiments which have failed to model the intelligent behaviour 

that guided their design. 

Intelligent behaviour is multifaceted, and models have rendered specific aspects of intelligence, such 

as natural language processing, image recognition, task planning, and deductive reasoning, resulting 

in fragmentation of AI. Computational tools to validate conjectures about intelligent behaviour have 

been reused in general problem solving, thus attracting the interest of fields as diverse as engineering, 

product design, and business development. Tools can be organised in four groups: 

1. Computational deductive reasoning: declarative programming languages – most remarkably 

logic programming languages such as PROLOG (Apt, 1991; Apt et al., 1997); tools for 

automated reasoning in non-classical logics applied to knowledge representation and inference 

(Fagin et al., 2004; van Harmelen et al., 2008); heuristic methods for efficient solution of the 

boolean satisfiability problem (Een & Sorensson, 2003; Moskewicz et al., 2001); ontologies and 

applications in knowledge representation and problem solving (Fensel, 2001; Uschold & 

Gruninger, 1996). 

2. Natural Language Processing (NLP), following two approaches: (a) Foundational, based on 

computational reconstructions of linguistic phenomena to understand human language and 

generate useful tools for text translation, document summarisation, information extraction and 

question answering (Wilks, 2005); and (b) Statistical, working on observable self-referential co-

occurrences of language patterns in discourse (Johri et al., 2021). 
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3. Adaptive and heuristic optimisation: simulation of collective intelligence and how behaviour 

can be locally and dynamically adjusted to optimise global performance, characterising the field 

of Evolutionary Computing (Eiben & Smith, 2015). 

4. Stepwise function approximations, aka Machine Learning (ML), which has received 

unprecedented attention given recent impressive empirical results, following two approaches: (a) 

Foundational, considering learning as a phenomenon, hence interacting with Cognitive Science 

(Perconti & Plebe, 2020), and generating computational learning models that are (i) sufficiently 

expressive to approximate function classes efficiently (Augustine, 2024; Gavranovic, 2024; Jia 

et al., 2024) and (ii) probabilistically reliable given reasonable assumptions about domains of 

interest and available samples (de la Vega et al., 2023; Levine et al., 2018; Valiant, 1984; Valiant, 

1999); and (b) Performance-oriented, focusing on the design and use of benchmarks to highlight 

the features of engineered systems (Kopalidis et al., 2024; Prata et al., 2024; Rubachev et al., 

2024; Wan et al., 2024). 

For any tool to be trusted in mission critical, risk-prone, or costly scenarios, quality and reliability 

assessment must be rigorous, transparent, and generate detailed guidelines and requirements for 

appropriate use, covering data quality requirements and statistical assumptions about input data and 

corresponding expected outcomes. Ethical concerns can arise from inadequate use of tools, potentially 

due to purposefully biased information about their capabilities. Furthermore, AI tools have been used 

to stimulate expectations based on the foreseen consequences of their use, generate collective 

responses in advance of such expectations, and build revenues based on these responses (Bender et al., 

2021; Gebru & Torres, 2024; Inie et al., 2024; Lemke & Monett, 2024; Monett & Grigorescu, 2024; 

Paullada et al., 2021; Vallor, 2024). Scrutable guardrails established as guidelines for responsible AI 

and managed by trusted institutions can be useful in preventing misinformation about AI products. 

Agents to be considered in the appraisal of the moral worth of actions related to AI products can be 

designers and developers, vendors, and users. Designers and developers are related to the science and 

technology of AI, while vendors and users are related to the business of AI. Designers, developers, 

and vendors provide users with products, and users decide about their adoption. 

4. Moral Worth and AI 

As described in Section 2, the appraisal of the moral worth of actions can be aligned with Virtue Ethics, 

and this alignment can be formalised as stratified normal theories, thus enabling executable 

specifications of how actions related the development and adoption of products can be verified with 

respect to the pursuit of virtuous behaviour. 
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The pursuit of Virtue is clearly advantageous to society. Given the present tacit organisation of 

business interactions in use globally, tangible advantages must be offered to business corporations in 

order for any guidance for actions to be accepted. We argue that an indirect advantage of Virtue-driven 

actions can be institutional longevity by observing that most very long-standing businesses share the 

following organisational attributes: 

• Perennial management aligned with well-defined and stable values, in many cases 

operationalised as ownership by a family or some other stable and cohesive social institution. 

• Provision of services and products which are valued as socially beneficial across generations, 

such as hospitality, catering, healthcare, education, and culture. 

• High regard to the importance of labour, and corresponding prioritisation of maintenance of 

workers’ quality of life. 

Other attributes are observed in very long-standing businesses (Ahn & Park, 2018; Tapies & Fernandez 

Moya, 2012). We highlight these ones because they can be easily aligned with Virtue-driven actions. 

As an illustration of how the presented framework could be used in practice, we consider the following 

specific values for variables in the theory presented in Section 2: 

• Agent: the vendor of an AI product. 

• Product: a chatbot designed to generate informational products of a particular type, e.g. how 

to design marketing campaigns for innovative consumer products. 

• Cardinal virtue: Justice. 

• Harms: (1) Hype about product capabilities, which can inflate expectations about what it can 

generate, and (2) Misuse of product, mistakenly assuming that it can design anything at all. 

• Actions: (1) Distribute the product across appropriate channels to reach potential users, (2) 

Adopt fair pricing practices, (3) Adopt carelessly aggressive marketing, (4) Provide users with 

detailed product documentation and (5) Focus on corporate goals only and disregard the 

interests of the users. 

The stratified normal theory can be instantiated using these values as follows: 

• ∀(cardinal(Pr, Ag, justice ← all(Pr, Ag, justice, [availability, fairPrice])  

∧ potHarms(Events, Harms) 

∧ subset(Events, [availability, fairPrice]) ∧ ¬exists(Pr, Ag, justice, Harms)). 

• ∀(event(Pr, Ag, Crd, availability) ← action(Pr, Ag, Crd, distribution)). 

• ∀(event(Pr, Ag, Crd, fairPrice) ← action(Pr, Ag, Crd, fairPricing)). 

• ∀(event(Pr, Ag, Crd, productPush) ← action(Pr, Ag, Crd, aggrMrkng)). 
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• ∀(event(Pr, Ag, Crd, properInfo) ← action(Pr, Ag, Crd, documentation)). 

• ∀(event(Pr, Ag, Crd, distortedGoals) ← action(Pr, Ag, Crd, selfCentricStr)). 

• ∀(all(Pr, Ag, Crd, [Event|Events]) ← event(Pr, Ag, Crd, Event) ∧ all(Pr, Ag, Crd, Events)). 

• ∀(all(Pr, Ag, Crd, [])). 

• ∀(exists(Pr, Ag, Crd, [Harm|Harms]) ← actualHarm(Pr, Ag, Crd, Harm)). 

• ∀(exists(Pr, Ag, Crd, [Harm|Harms]) ← ¬actualHarm(Pr, Ag, Crd,Harm) ∧ exists(Pr, Ag, Crd, 

Harms)). 

• ∀(actualHarm(Pr, Ag, Crd, hype) ← all(Pr, Ag, Crd, productPush) ∧ ¬all(Pr, Ag, Crd, properInfo)). 

• ∀(actualHarm(Pr, Ag, Crd, misuse) ← all(Pr, Ag, Crd, [productPush, distortedGoals]) ∧ ¬all(Pr, 

Ag, Crd, properInfo)). 

The theory can be complemented with statements of potential harms such as the following one: 

• potHarms(availability, [hype,misuse]). 

Finally, the theory can be complemented with statements of actions such as the following ones: 

• action(chatbot, vendor, justice, distribution). 

• action(chatbot, vendor, justice, fairPricing). 

• action(chatbot, vendor, justice, aggrMrkng). 

• action(chatbot, vendor, justice, documentation). 

• action(chatbot, vendor, justice, selfCentricStr). 

Figure 1. PROLOG source code for the vendor example. 
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This stratified normal theory is, evidently, a small illustration of what a realistic specification may look 

like. Nevertheless, it contains the structural elements that are required for appraisal of the moral worth 

of actions. This theory can be transcribed to a programming language such as PROLOG. The 

corresponding PROLOG source code is presented in Figure 1. 

When triggered with the query 

¬virtue(chatbot, vendor). 

it will reply YES if actions are Virtue-driven, or NO otherwise (in the particular case of the theory 

presented in this example, it would reply YES). Upon verification whether actions can lead to “dead 

ends”, i.e. events that do not support Virtue directly, the theory would also permit verification about 

“subreptitious” actions that would come together with Virtue-driven ones but could, in fact, be at 

service of other goals. 

5. Conclusion 

In the present work, we have adopted Virtue (as characterised by Stoicism) as measure of the moral 

worth of actions, and introduced a framework for the appraisal of the moral worth related to the design, 

development, distribution and adoption of AI products, which should be useful to support existing 

guidelines for the responsible use of AI. 

Given recent developments in AI, particularly in Deep Learning and Generative Machine Learning 

(Ekundayo & Ezugwu, 2025), and considering the suggested use of the tool presented in Section 4, 

which can be adopted by designers, developers, vendors and users of AI products to verify and clarify 

their intentions when acting within their respective scopes of responsibility, it comes as a surprise that 

so many AI products are being distributed without a full clarification of their capabilities and 

limitations. Effort has been made by accomplished researchers to describe in detail the algorithms that 

fuel these products (Barrow, 2024; de la Vega et al., 2023; Gavranovic, 2024; Jia et al., 2024; Levine 

et al., 2018), but research that focuses on the extent to which recent technological accomplishments 

relate to AI is rare (Mollo & Milliere, 2023). Our hope is that this article can contribute to the 

development of actionable and verifiable guidelines for the proper development and utilisation of AI. 
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