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ABSTRACT 

Autonomous systems, capable of perceiving their environment and acting with 

limited human intervention, are increasingly deployed across transport, 

industry, healthcare and other domains, raising significant ethical challenges. 

This review synthesises current understanding of the ethical challenges posed 

by autonomous systems. It examines the principal concerns, including 

accountability and liability, transparency and explainability, fairness and bias, 

safety and reliability, and privacy, and reviews the principles and approaches 

proposed to address them. The literature indicates that the autonomy and 

complexity of these systems create distinctive ethical challenges, particularly 

regarding who is responsible for their decisions, how those decisions can be 

understood and trusted, and how fairness, safety and privacy can be ensured, 

and that addressing these requires a combination of technical, ethical and 

governance measures. The review emphasises the importance of responsible 

design, transparency and human oversight. It concludes that ethical challenges 

are central to the responsible development of autonomous systems, and 

highlights the need for continued interdisciplinary research and effective 

governance. 
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INTRODUCTION 

Autonomous systems, which can perceive their environment, make decisions and act with 

limited or no human intervention, are increasingly being developed and deployed across a wide 

range of domains, including transport, industry, healthcare, finance and defence [1]. Advances 

in artificial intelligence, particularly machine learning, have greatly expanded the capabilities 

of these systems, enabling them to undertake complex tasks previously requiring human 
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 judgement [1], [2]. As their capabilities and deployment grow, so too do the ethical challenges 

they raise. 

 

This shift from tools that merely execute human instructions to systems that exercise 

independent judgement is what gives the ethics of autonomous systems its distinctive character. 

It raises questions not only about how such systems should behave but about how the values 

guiding their behaviour are chosen and by whom. 

 

The ethical significance of autonomous systems arises from their capacity to make and act upon 

decisions that can affect people and society, sometimes with substantial consequences [2], [3]. 

Unlike conventional tools, autonomous systems exercise a degree of independent decision-

making, which raises questions about responsibility, control and the values embodied in their 

behaviour. These questions are made more pressing by the complexity and opacity of the 

underlying technologies, which can make the systems difficult to understand and predict [3]. 

A range of ethical challenges has been identified in relation to autonomous systems, including 

accountability and liability for their actions, the transparency and explainability of their 

decisions, fairness and the avoidance of bias, safety and reliability, and the protection of 

privacy [2], [3]. These challenges are interconnected and reflect the broader concern that 

autonomous systems should be designed and deployed in ways that are responsible, trustworthy 

and aligned with human values [4]. Addressing them is essential to realising the benefits of the 

technology while limiting its risks. 

 

Although the benefits of autonomous systems are considerable, their ethical challenges must 

be understood and addressed if the technology is to be deployed responsibly. The problem 

addressed in this review is the need to synthesise current understanding of these ethical 

challenges. Accordingly, this review examines the principal ethical concerns raised by 

autonomous systems and the approaches proposed to address them, and considers the 

requirements for their responsible development and governance. 

 

REVIEW METHODOLOGY 

This narrative review was based on a structured search of peer-reviewed literature concerning 

the ethics of autonomous systems and artificial intelligence. Databases were searched using 

terms relating to autonomous systems, artificial intelligence ethics, accountability, 
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 transparency, fairness, safety and responsible artificial intelligence. Reviews, conceptual and 

technical papers and relevant guidance were prioritised, and findings were organised by ethical 

challenge and by the approaches proposed to address them. The principal ethical challenges 

are illustrated in Figure 1 and summarised in Table 1. 

 

 

Figure 1: Principal ethical challenges in autonomous systems 

 

Table 1: Principal ethical challenges in autonomous systems 

Challenge Description 

Accountability Responsibility and liability for actions 

Transparency Understandability of decisions 

Fairness and bias Avoidance of unfair discrimination 

Safety and reliability Safe and dependable operation 

Privacy Protection of personal data 

 

ETHICAL CHALLENGES AND APPROACHES 

Accountability and Liability 

The difficulty of assigning responsibility is compounded by the involvement of many parties 

in the development and operation of an autonomous system, including designers, 

manufacturers, operators and users, each of whom contributes to its behaviour. As a result, 

harm may arise without any single party being clearly at fault which strains conventional 

notions of liability that assume an identifiable responsible agent. Clarifying how responsibility 

should be shared among these parties, and how it should be established when behaviour 

emerges from learning processes, is therefore an essential task for ethics, law and policy. 

 

A central ethical challenge concerns accountability and liability for the actions and decisions 

of autonomous systems [2], [3]. When a system acts independently and causes harm, it can be  
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 difficult to determine who is responsible, whether the designer, manufacturer, operator or user, 

particularly when the system's behaviour emerges from complex learning processes. This 

challenge, sometimes described as a responsibility gap, raises questions for ethics, law and 

governance, and addressing it requires clear frameworks for allocating responsibility and 

ensuring that accountability is maintained [3], [4]. 

 

Transparency and Explainability 

The opacity of complex models is not merely a technical inconvenience but an ethical concern, 

because people affected by a decision may be unable to understand the reasons for it or to 

contest it effectively. Transparency also serves an important function in enabling developers 

and regulators to scrutinise a system, detect errors or unfair behaviour, and verify that it 

operates as intended. For these reasons, transparency and explainability are increasingly treated 

not as optional features but as requirements for the responsible deployment of autonomous 

systems in consequential settings. 

 

Transparency and explainability are important ethical requirements, as the decisions of 

autonomous systems can affect people who may need to understand and challenge them [3], 

[4]. However, many systems, particularly those based on complex machine learning models, 

are opaque, making their decisions difficult to interpret. This lack of transparency can 

undermine trust, accountability and the ability to identify errors or bias. Approaches to address 

it include the development of explainable artificial intelligence and requirements for 

transparency and documentation [4]. 

 

Fairness, Bias and Privacy 

Bias can enter an autonomous system through unrepresentative or historically biased training 

data, through the design of the model, or through the way the system is deployed, and it may 

be difficult to detect without deliberate evaluation. The consequences of unfair behaviour can 

be serious, particularly when systems make or inform decisions that affect access to 

opportunities, services or resources. Addressing fairness therefore requires attention 

throughout the lifecycle of a system, from the collection and curation of data to the evaluation 

and monitoring of outcomes after deployment. 

 

Fairness and the avoidance of bias are significant concerns, as autonomous systems that learn 

from data may reproduce or amplify biases present in that data, leading to unfair or 

discriminatory outcomes [2], [3]. Ensuring fairness requires attention to data, model design and 
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 evaluation. Privacy is a further concern, as autonomous systems often collect and process large 

amounts of data, including personal information, raising the need for data protection and 

privacy-preserving approaches [3]. These challenges reflect the impact of autonomous systems 

on individuals and groups. 

 

Safety, Oversight and Governance 

Maintaining meaningful human oversight is widely regarded as an important safeguard, 

allowing people to monitor, intervene in or override the behaviour of an autonomous system 

when necessary. The appropriate degree of oversight depends on the application and the 

potential consequences of failure, and designing effective oversight that neither overburdens 

nor lulls the human operator is itself a challenge. Beyond individual systems, governance 

frameworks, standards and regulation provide the broader structures within which responsible 

development and accountability can be pursued. 

 

Safety and reliability are fundamental ethical requirements, as autonomous systems operating 

in the real world can cause physical or other harm if they malfunction or behave unexpectedly 

[1], [2]. Ensuring safe and reliable operation requires rigorous design, testing and validation, 

as well as mechanisms for human oversight and control. More broadly, the responsible 

development of autonomous systems is supported by ethical principles, standards and 

governance frameworks that promote trustworthy and human-centred design [4]. The reported 

emphasis on the principal challenges is illustrated in Figure 2 and summarised in Table 2. 

 

 

Figure 2: Reported emphasis on the principal ethical challenges 
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 The relatively high emphasis on safety and accountability reflects their fundamental 

importance, while the substantial attention to transparency, fairness and privacy indicates that 

these concerns are also central to the responsible development of autonomous systems. 

 

Table 2: Approaches to addressing ethical challenges 

Approach Purpose 

Responsibility frameworks Allocate accountability and liability 

Explainable AI Improve transparency of decisions 

Bias mitigation Promote fairness in outcomes 

Testing and validation Ensure safety and reliability 

Governance and standards Support responsible development 

 

Taken together, the principal challenges illustrate that the ethical questions raised by 

autonomous systems are tightly bound to their technical characteristics, so that responsible 

design requires both technical and ethical expertise. This interdependence is a recurring feature 

of the field and shapes the approaches needed to address it. 

 

DISCUSSION 

The evidence reviewed indicates that autonomous systems raise distinctive and significant 

ethical challenges, arising from their capacity for independent decision-making and the 

complexity and opacity of the underlying technologies [2], [3]. The principal challenges, 

including accountability, transparency, fairness, safety and privacy, are interconnected and 

reflect the need for autonomous systems to be designed and deployed responsibly, in ways that 

are trustworthy and aligned with human values. 

 

The challenge of accountability is particularly distinctive [3], [4]. Because autonomous systems 

can act independently, and their behaviour can emerge from complex and opaque processes, 

determining responsibility for their actions is difficult, creating a potential responsibility gap. 

This has profound implications for ethics, law and governance, and addressing it requires clear 

frameworks that allocate responsibility appropriately and ensure that accountability is not lost 
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 as autonomy increases. The maintenance of meaningful human oversight is closely connected 

to this challenge. 

 

Because the challenges overlap and reinforce one another, an improvement in one area, such 

as transparency, often yields benefits in others, such as accountability and fairness. 

Recognising these connections helps in designing coherent strategies rather than treating each 

challenge in isolation. 

 

The interconnection of the ethical challenges is an important theme [2], [3]. Transparency, for 

example, supports accountability by enabling decisions to be understood and challenged, and 

also supports the identification of bias and errors that bear on fairness and safety. Likewise, the 

responsible handling of data underpins both fairness and privacy. This interconnection means 

that the challenges cannot be addressed in isolation, and that a coherent, holistic approach to 

responsible design is required. The clinical and societal significance lies in ensuring that 

autonomous systems benefit people without causing unfair, unsafe or unaccountable harm. 

 

No single measure is sufficient on its own, and the different measures reinforce one another, 

with technical safeguards supporting ethical aims and governance frameworks giving them 

force. A coordinated combination of approaches is therefore more effective than any individual 

intervention. 

 

Addressing these challenges requires a combination of technical, ethical and governance 

measures [3], [4]. Technical approaches, such as explainable artificial intelligence, bias 

mitigation and rigorous testing, contribute to transparency, fairness and safety, while ethical 

principles, standards and governance frameworks provide the broader structures for 

responsible development and accountability. The involvement of multiple disciplines and 

stakeholders is essential, given the technical, ethical, legal and social dimensions of the 

challenges. These considerations indicate the need for continued interdisciplinary research and 

effective governance, which are the focus of ongoing work. 

 

These considerations underline that the ethical challenges of autonomous systems are not 

peripheral concerns to be addressed after the technology is built, but factors that should shape 

its design from the outset. Embedding ethical considerations into the development process, an 



  
 

 

 8 Page 1-10 © MANTECH PUBLICATIONS 2026. All Rights Reserved 

 

Journal of AI Ethics and Autonomous Systems 

Volume 3, Issue 1, January-June 2026 

ISSN: 3107-8095 (Online) 

 

 approach sometimes described as ethics by design, is increasingly seen as essential to 

producing systems that are trustworthy and aligned with human values. 

 

LIMITATIONS 

This review has several limitations. As a narrative review rather than a systematic review with 

meta-analysis, it is subject to selection bias and does not provide pooled quantitative estimates. 

The field of autonomous systems and their ethics is evolving rapidly, and some recent 

developments may not be fully captured. The review provides a broad overview of the principal 

ethical challenges and approaches rather than detailed analysis of specific systems, domains or 

legal frameworks, and the reported emphasis presented is indicative rather than precise. Ethical 

challenges also vary across application domains and jurisdictions, which a general review 

cannot fully reflect. 

 

The pace at which autonomous systems are advancing means that the ethical and governance 

frameworks intended to guide them must also evolve, and a persistent risk is that technical 

capability outpaces the development of appropriate safeguards. Sustained attention to this gap, 

and proactive rather than reactive governance, will be important to ensuring that the 

deployment of autonomous systems remains responsible as their capabilities grow. 

 

FUTURE SCOPE 

Future research should advance technical approaches to transparency, fairness and safety, 

including explainable artificial intelligence, bias mitigation and rigorous verification and 

validation of autonomous systems. The development of clear frameworks for accountability 

and liability, and of effective governance, standards and regulation, is a critical priority, 

requiring collaboration across technical, ethical, legal and policy disciplines. Research into 

mechanisms for meaningful human oversight and control, and into the alignment of 

autonomous systems with human values, would support trustworthy design. Domain-specific 

studies, and the engagement of diverse stakeholders, would further inform the responsible 

development and deployment of autonomous systems across society. 

 

Progress in this area will depend on sustained collaboration across disciplines and sectors, 

combining advances in the design of trustworthy systems with the development of effective 

governance and the active participation of stakeholders. Such collaboration offers the most 
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 promising route to ensuring that autonomous systems are developed and deployed in ways that 

are safe, fair, transparent and accountable. 

 

CONCLUSION 

Ethical challenges are central to the responsible development of autonomous systems, arising 

from their capacity for independent decision-making and the complexity of the underlying 

technologies. The principal challenges, including accountability, transparency, fairness, safety 

and privacy, are interconnected and require autonomous systems to be designed and deployed 

in ways that are responsible, trustworthy and aligned with human values. Addressing them 

requires a combination of technical approaches, ethical principles and governance frameworks, 

together with meaningful human oversight and the involvement of multiple disciplines. 

Continued interdisciplinary research and effective governance are needed to ensure that 

autonomous systems are developed and deployed ethically, realising their benefits while 

limiting their risks. 

 

It is also worth emphasising that the responsible development of autonomous systems is not 

solely a technical matter but a societal one, requiring the involvement of affected communities 

and the public alongside engineers, ethicists and regulators. Broad engagement helps ensure 

that the values embodied in autonomous systems reflect those of the societies in which they 

operate. 
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