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Abstract: 

Ethical artificial intelligence (AI) has emerged as a central concern as algorithmic systems increasingly shape 
societal, economic, and governmental decision-making. While numerous ethical AI frameworks articulate 
normative principles such as fairness, accountability, transparency, and privacy, their implementation remains 
inconsistent due to the absence of shared semantic foundations. Ontological standards provide a formal 
mechanism to represent ethical concepts, system entities, and normative constraints in a structured, machine-
interpretable manner. This paper presents a systematic literature review of recent research on ethical AI, ontology 
engineering, and AI governance standards published between 2021 and 2026. By synthesizing findings across 
technical, philosophical, and regulatory domains, the review identifies key ontological categories relevant to 
ethical AI, examines existing standardization initiatives, and highlights gaps in current approaches. The analysis 
demonstrates that ontology-driven ethical modelling can enhance interoperability, traceability, and certification 
of AI systems. The paper concludes by proposing future research directions for developing unified ontological 
standards to support trustworthy and socially aligned AI. 

Recent advances in large-scale generative models, autonomous systems, and adaptive decision architectures 
further underscore the urgency of formal semantic foundations. As AI systems increasingly participate in open-
ended reasoning and multi-agent environments, informal ethical guidelines become insufficient without 
computable representations of responsibility, agency, and normative constraints. Ontological modelling thus 
emerges not merely as a technical enhancement, but as an epistemic infrastructure for aligning AI behavior with 
social expectations. 

Keywords: Ethical AI, Ontological standards, AI governance, Semantic modelling, Trustworthy AI, AI 
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I. Introduction 

The rapid integration of artificial intelligence into 
critical societal domains has intensified concerns 
about ethical risks such as discrimination, opacity, 
and accountability failures. Global institutions and 
professional bodies have responded by publishing 
ethical AI guidelines and principles [5], [14], [18]. 
However, recent reviews indicate that despite broad 
agreement on ethical values, there is limited 

consensus on how these principles should be 
formally represented and operationalized within AI 
systems [1], [6]. This gap has prompted growing 
interest in ontological approaches capable of 
encoding ethical concepts in a structured and 
verifiable manner. 

In addition, the proliferation of domain-specific AI 
governance instruments—ranging from healthcare 
compliance protocols to autonomous mobility 
regulations—has revealed semantic inconsistencies 
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in how ethical constructs are defined. For example, 
the notion of ‘accountability’ may refer to legal 
liability in regulatory texts, system traceability in 
technical documentation, or moral responsibility in 
philosophical analysis. Without ontological 
alignment, these interpretations remain fragmented, 
hindering cross-domain interoperability and 
certification. 

II. Ethical AI: From Principles to 
Operational Challenges 

A. Dominant Ethical Principles 

Large-scale analyses of AI ethics guidelines reveal 
recurring principles, including fairness, 
accountability, transparency, privacy, and human 
oversight [5], [18], [20]. While these principles 
provide normative guidance, they often lack formal 
definitions, leading to inconsistent interpretation and 
implementation across systems and domains [11], 
[19]. 

Recent scholarship further identifies sustainability, 
robustness, and inclusivity as emerging ethical 
dimensions in AI governance discourse. However, 
the semantic scope of these principles varies 
significantly. For instance, fairness may be 
operationalized statistically (e.g., demographic 
parity), procedurally (equal opportunity), or 
distributively (equitable outcomes), each implying 
distinct ontological commitments regarding 
protected attributes, decision contexts, and 
evaluation metrics. 

B. Limitations of Principle-Based Frameworks 

Several studies argue that principle-based ethics 
alone cannot ensure ethical behaviour in AI systems 
due to their abstract nature and lack of enforceability 
[6], [11]. As noted by Herrera-Poyatos et al. [1], 
ethical commitments must be embedded into system 
architectures rather than remaining at the policy 
level. 

In practice, developers often confront ambiguity 
when translating ethical statements into code-level 
constraints. For example, a commitment to 
transparency does not automatically specify whether 

explainability should be achieved through 
interpretable models, post-hoc explanations, or 
standardized documentation artifacts. Ontological 
modelling offers a mechanism to disambiguate such 
requirements by formally linking ethical categories 
to system components and operational rules. 

III. Ontologies and Knowledge 
Representation in AI 

A. Foundations of Ontological Modelling 

Ontologies serve as formal representations of 
entities, relationships, and constraints within a 
domain. In AI, they support interoperability, 
reasoning, and shared understanding across 
heterogeneous systems [10]. Top-level ontologies 
standardized under ISO/IEC 21838 establish general 
categories that can be extended to domain-specific 
applications [10]. 

These foundational ontologies define abstract 
categories such as object, event, process, and 
relation, providing a semantic scaffold for 
specialized ethical ontologies. By anchoring ethical 
constructs—such as harm, responsibility, or 
consent—within upper-level categories, designers 
can ensure logical consistency and cross-system 
compatibility. 

B. Ethical Significance of Ontological Design 

Rovetto [9] emphasizes that conceptual and 
ontological modelling is not ethically neutral, as 
modelling choices influence what is represented, 
omitted, or prioritized. Consequently, ethical 
evaluation must extend to the semantic structures 
underlying AI systems. 

For example, if an ontology fails to represent 
marginalized stakeholder categories, downstream 
reasoning systems may systematically overlook their 
interests. Thus, ontological inclusivity becomes a 
matter of distributive justice. Ethical AI therefore 
requires reflexive examination of modelling 
assumptions, classification schemes, and abstraction 
levels. 
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IV. Ethical AI Ontologies: Conceptual 
Foundations 

A. Defining Ethical Entities 

Recent research proposes modelling ethical 
principles as ontological entities linked to system 
actions, data sources, and stakeholders [2], [3]. For 
example, fairness can be represented as a relation 
between decision outcomes and protected attributes, 
enabling formal evaluation and auditing. 

Similarly, accountability may be modelled as a 
structured relation connecting agents, actions, 
outcomes, and normative expectations. Such 
representations facilitate traceability by allowing 
reasoning engines to infer responsibility pathways 
within complex socio-technical systems. 

B. Normative Constraints and Rules 

Ethical ontologies often incorporate deontic 
concepts such as obligations, permissions, and 
prohibitions [2], [9]. These constructs allow ethical 
requirements to be formalized as constraints that 
systems must satisfy during operation. 

Recent developments integrate rule-based reasoning 
engines with ontological schemas to enforce ethical 
guardrails dynamically. For instance, access-control 
systems may reference ontological definitions of 
sensitive data categories to prevent unauthorized 
inference. This fusion of semantic modelling and 
automated reasoning strengthens compliance and 
auditability. 

V. Surveys of Ethical AI Frameworks 

A. Comparative Reviews 

Systematic reviews of ethical AI frameworks 
highlight fragmentation and conceptual overlap 
among existing approaches [5], [19]. Despite 
differing terminologies, most frameworks converge 
on a limited set of ethical dimensions. 

Comparative analyses further indicate regional 
variations in emphasis. European frameworks 
prioritize fundamental rights and human dignity, 
while industry-driven guidelines often emphasize 

innovation and competitiveness. Ontological 
mapping techniques can reveal equivalences and 
divergences among these conceptual schemas. 

B. Need for Semantic Alignment 

The lack of shared ontological foundations 
complicates comparison and integration of ethical 
frameworks across organizations and jurisdictions 
[6], [14]. Ontological standards can provide a 
common semantic layer to address this challenge. 

Semantic alignment also facilitates machine-
readable compliance documentation. By encoding 
regulatory requirements into ontological constructs, 
AI systems can generate traceable audit logs that 
correspond to external governance expectations. 

VI. Ontological Standards and AI 
Governance 

A. Role of International Standards 

Standards bodies increasingly recognize the 
importance of structured semantic representations 
for AI governance. ISO/IEC ontological standards 
provide a foundation for interoperability but 
currently offer limited guidance on ethical 
dimensions [10]. 

Recent technical committees have begun exploring 
extensions that integrate ethical attributes into 
metadata schemas and documentation templates. 
These initiatives signal a gradual shift toward 
harmonizing semantic modelling with normative 
oversight. 

B. Regulatory Context 

Emerging regulations such as the EU AI Act 
emphasize documentation, risk assessment, and 
accountability [1], [4]. Ontologies can support 
regulatory compliance by enabling semantic 
traceability between ethical requirements and system 
components. 

For example, a high-risk AI system could reference 
an ontological registry linking risk categories to 
mitigation measures, evidence artifacts, and 
responsible actors. Such structured representation 
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enhances audit efficiency and cross-border 
certification. 

VII. Certification and Auditing of Ethical 
AI 

A. Ontology-Driven Certification Models 

Certification initiatives such as CERTAIN propose 
ontology-based representations of system behaviour, 
data provenance, and ethical constraints to support 
transparent auditing [4]. These models facilitate 
lifecycle-wide accountability. 

Ontology-driven certification enables standardized 
evidence submission, reducing ambiguity during 
third-party audits. By structuring documentation 
around shared semantic definitions, organizations 
can demonstrate compliance more systematically. 

B. Traceability and Explainability 

Ontological modelling enhances explainability by 
linking decisions to ethical criteria and system 
components [3], [22]. This capability is critical for 
high-stakes domains such as healthcare and finance. 
Explainability frameworks increasingly incorporate 
semantic annotations that connect model outputs to 
ontological categories of harm, benefit, or fairness. 
Such integration strengthens public trust and 
supports contestability mechanisms. 

VIII. Domain-Specific Applications 

A. Healthcare AI 

Healthcare AI systems face heightened ethical 
scrutiny due to patient safety and equity concerns. 
Ontology-supported ethical frameworks can 
formalize principles such as informed consent and 
non-maleficence [7], [13]. 

For instance, clinical decision-support systems may 
reference ontological representations of treatment 
risk categories, ensuring alignment with established 
bioethical norms. 

B. Smart Cities and Autonomous Systems 

In smart city contexts, ethical ontologies can encode 
societal values related to surveillance, fairness, and 

public accountability [8]. Such representations 
support consistent ethical evaluation across 
interconnected urban systems. Autonomous 
transportation systems similarly benefit from 
ontological modelling of safety thresholds, liability 
relations, and stakeholder hierarchies, ensuring 
coherent governance across distributed 
infrastructures. 

IX. Practitioner Perspectives 

Empirical studies of AI practitioners reveal 
challenges in translating ethical guidelines into 
concrete design decisions [11]. Ontology-based tools 
can support practitioners by providing structured 
ethical vocabularies and decision support 
mechanisms. Integrated development environments 
incorporating semantic ethical modules can assist 
engineers in identifying compliance gaps during 
early design phases. 

X. Education and Ethical Literacy 

Ethical AI literacy frameworks emphasize the 
importance of shared conceptual understanding 
among developers, regulators, and users [15]. 
Ontologies can serve as educational artefacts that 
clarify ethical concepts and their interrelations. 
Interactive semantic visualizations enable learners to 
explore how concepts such as bias, harm, and 
accountability interconnect within AI ecosystems. 

XI. Social and Institutional Influences 

Civil society organizations and advocacy groups 
increasingly call for equity-centered AI standards, 
particularly in sensitive domains such as medicine 
[16]. Ontological standards can encode such 
priorities explicitly within system design. By 
embedding equity attributes within data and decision 
schemas, institutions can operationalize inclusivity 
rather than treating it as a peripheral objective. 

XII. Industry Responses and Model 
Governance 

Industry actors are revisiting how AI systems handle 
controversial and ethically sensitive topics [17]. 
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Ontological governance mechanisms can support 
consistent handling of ethical trade-offs across 
models and deployments. Model governance 
frameworks increasingly incorporate structured 
taxonomies of risk categories and escalation 
procedures, which can be formalized ontologically to 
ensure internal consistency. 

XIII. Research Gaps 

Despite growing interest, significant gaps remain: 

A. Absence of Unified Ethical Upper Ontologies 
[9], [10] 

While top-level ontologies such as those 
standardized under ISO/IEC 21838 provide general 
metaphysical categories (e.g., object, process, 
relation), there is no widely accepted ethical upper 
ontology that systematically defines foundational 
moral constructs such as responsibility, harm, 
agency, autonomy, dignity, and justice in a machine-
interpretable format. 

Current ethical AI ontologies tend to be domain-
specific, fragmented, or principle-oriented, lacking 
alignment at the most abstract conceptual level. This 
fragmentation produces several limitations: 

• Conceptual Inconsistency: Different 
ontologies define core ethical terms (e.g., 
fairness, accountability) in incompatible 
ways. 

• Limited Interoperability: Systems 
developed under different ethical schemas 
cannot seamlessly exchange or compare 
ethical metadata. 

• Philosophical Ambiguity: Ethical 
constructs are often adopted without explicit 
ontological commitments (e.g., 
consequentialist vs. deontological 
grounding). 

The absence of a unified ethical upper ontology also 
impedes cumulative knowledge-building. Without 
shared foundational categories, new frameworks 
repeatedly reconstruct similar conceptual 
architectures, limiting standardization and 
scalability. Future research must therefore explore 

whether a pluralistic yet harmonized upper-level 
ethical ontology can be developed to bridge 
philosophical diversity with computational 
formalism. 

B. Limited Integration with Regulatory 
Frameworks [4], [14] 

Although regulatory instruments such as emerging 
AI governance laws emphasize risk classification, 
documentation, transparency, and accountability, 
these requirements are rarely expressed in formal 
ontological terms. Consequently, there is a 
disconnect between legal language (normative, 
interpretative, context-sensitive) and technical 
system design (formal, structured, rule-based). 

Most regulatory compliance processes rely on 
documentation artifacts rather than semantic 
encoding. This creates challenges in: 

• Automating compliance verification 
• Ensuring consistent interpretation across 

jurisdictions 
• Linking high-level legal obligations to 

specific system components 

Research is needed to develop regulatory-aligned 
ontologies that map legal norms to formal system 
constraints, enabling traceability between statutory 
requirements and operational behavior. Such 
integration would significantly strengthen 
auditability and certification processes. 

C. Insufficient Tool Support for Ontology-
Driven Ethical Reasoning [2], [3] 

Although conceptual work on ethical ontologies is 
expanding, practical tooling remains 
underdeveloped. There is a shortage of: 

• Integrated development environments 
(IDEs) that embed ethical ontologies into AI 
pipelines 

• Automated reasoning engines capable of 
evaluating deontic constraints at runtime 

• Scalable validation tools for testing ethical 
rule compliance in complex models 

Most ontology engineering tools (e.g., OWL-based 
editors and reasoners) are not specifically optimized 
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for dynamic AI systems or large-scale machine 
learning architectures. Moreover, ethical reasoning 
often requires contextual, probabilistic, and value-
sensitive evaluation that extends beyond classical 
logical inference. Without accessible toolchains, 
ontology-driven ethics risks remaining theoretical 
rather than operational. Research must therefore 
prioritize: 

• Hybrid reasoning systems combining 
symbolic ontologies and machine learning 

• Runtime monitoring frameworks linked to 
ethical knowledge graphs 

• Developer-centered interfaces that translate 
abstract ethical categories into actionable 
system checks 

XIV. Future Research Directions 

Future work should focus on developing 
standardized ethical ontologies aligned with 
international regulations, integrating automated 
reasoning tools, and validating ontological models 
through real-world deployments [1], [4], [15]. 
Interdisciplinary collaboration between 
philosophers, computer scientists, legal scholars, and 
policymakers will be essential to ensure that 
ontological standards reflect pluralistic societal 
values while maintaining formal rigor. 

XV. Conclusion 

This review demonstrates that ontological standards 
offer a robust foundation for operationalizing ethical 
AI principles. By embedding ethical semantics into 
formal system representations, ontologies can 
enhance transparency, accountability, and 
trustworthiness. Advancing ethical AI will require 
interdisciplinary collaboration to develop shared 
ontological standards that align technical systems 
with societal values. 

As AI systems grow increasingly autonomous and 
interconnected, the ontological articulation of 
“being” and “responsibility” will become central to 
sustaining public trust and regulatory legitimacy. 
Structured semantic governance thus represents not 

merely a technical refinement, but a foundational 
pillar of ethical artificial intelligence. 
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