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Abstract : The development of autonomous artificial intelligence (AI) systems has created 

opportunities for solving complex problems through cooperation among multiple intelligent agents. A 

multi-agent swarm consists of numerous autonomous or semi-autonomous agents that coordinate their 

actions through local interactions, shared information, and collective decision-making. Such systems 

have potential applications in disaster response, environmental monitoring, healthcare logistics, smart 

cities, agriculture, transportation, and industrial automation. However, the distribution of decision-

making across several agents creates significant ethical challenges. Individual agents may follow 

locally reasonable strategies while producing harmful collective outcomes. Furthermore, 

responsibility may become difficult to establish when decisions emerge from interactions among agents 

rather than from a single identifiable decision-maker. These challenges raise an important question: 

how can a swarm operate with sufficient autonomy to remain efficient while ensuring that its collective 

decisions are safe, fair, transparent, accountable, and consistent with human values? 

This paper examines the ethical decision-making capabilities and governance requirements of self-

governing multi-agent swarms through a structured conceptual review of secondary sources. The study 

synthesizes academic research on swarm intelligence, multi-agent systems, machine ethics, collective 

decision-making, ethical reinforcement learning, and responsible AI governance. It also examines 

relevant governance resources, including the National Institute of Standards and Technology’s 

Artificial Intelligence Risk Management Framework and international principles for trustworthy AI. 

No primary data are collected, and no interviews, surveys, experiments, or new AI models are 

developed. Instead, the literature is compared thematically to identify recurring ethical concerns, 

existing approaches, research gaps, and possible governance mechanisms. 

The analysis identifies six interconnected requirements for ethical swarm governance: clearly defined 

ethical boundaries, distributed coordination with safeguards, collective evaluation of ethical 

consequences, traceable decision records, risk-based human oversight, and continuous monitoring 

with recovery mechanisms. The review further indicates that ethical behaviour cannot be guaranteed 

solely by programming individual agents with rules. Collective outcomes depend on communication 

quality, environmental uncertainty, the distribution of authority, conflicting objectives, and the 

behaviour of other agents. Therefore, ethical governance must address both individual-agent conduct 

and the overall behaviour of the swarm. 

The paper proposes a conceptual governance framework that combines operational autonomy with 

enforceable constraints and accountable oversight. Under this framework, agents may coordinate and 

adapt within approved boundaries, while high-impact, uncertain, or potentially irreversible decisions 

trigger stronger safeguards or human intervention. The framework is intended to guide future 

research, system design, and governance evaluation rather than to claim experimentally validated 

performance. It contributes a secondary-data-based synthesis of ethical swarm decision-making and 

highlights the need for practical benchmarks that evaluate collective safety, fairness, accountability, 

resilience, and human control alongside operational efficiency. 
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I. INTRODUCTION 

1.1 Background of the Study 

Artificial intelligence has progressed from systems designed to perform isolated tasks toward systems capable of 

cooperating, sharing information, and coordinating complex activities. A multi-agent system consists of multiple 

computational entities, known as agents, that interact within a shared environment. Each agent may have its own 

objectives, available information, capabilities, and decision-making rules. A swarm is a particular form of collective 

system in which coordinated behaviour can emerge from relatively simple interactions among many agents. 

Swarm intelligence draws inspiration from collective behaviour in biological systems, including the coordinated 

movement of birds, the foraging activities of ants, and the collective organization of social insects. Bonabeau et al. 

(1999) explained how relatively simple individual behaviours can generate complex collective patterns. In computing 

and robotics, similar principles support distributed coordination, task allocation, exploration, and adaptation. Brambilla 

et al. (2013) reviewed the development of swarm robotics and highlighted its potential for coordinating groups of 

robots without relying on a single central controller. 

The potential advantages of swarm-based systems include scalability, adaptability, parallel processing, and resilience 

when individual agents fail. For example, a group of autonomous aerial robots could help identify people in a disaster-

affected area, while multiple environmental sensors could coordinate to detect pollution. A swarm of logistics agents 

could allocate delivery tasks dynamically, and a group of intelligent traffic-management agents could coordinate 

signals to reduce congestion. 

However, these benefits also create ethical challenges. When numerous agents make decisions simultaneously, it may 

be difficult to determine which action caused a harmful outcome. Agents may exchange incomplete information, follow 

conflicting objectives, or collectively produce behaviour that was not explicitly planned by their designers. A swarm 

could improve efficiency while distributing resources unfairly, exposing private information, or creating unacceptable 

safety risks. 

 

1.2 Problem Statement 

Traditional ethical evaluation often concentrates on the behaviour of an individual AI system. In a swarm, however, the 

ethical consequences of a decision may emerge from interactions among many agents, their operating environment, and 

human participants. An agent that follows its own rules may still contribute to a harmful collective result. 

Frasheri et al. (2022) address this broader challenge through the CAESAR framework, which considers collective 

decision-making and incorporates factors such as trust, security, safety, privacy, and accountability. Similarly, Winfield 

et al. (2025) argue that real-world swarm robotic systems require anticipatory ethical governance, ethical risk 

assessment, and appropriate verification and validation. 

The central problem is therefore not simply how to make each agent behave ethically. It is how to govern the complete 

swarm so that individual actions, interactions, and collective outcomes remain within acceptable ethical boundaries. 

 

1.3 Need for the Study 

Self-governing swarms require mechanisms that support autonomous coordination without allowing unrestricted 

behaviour. Excessively centralized control may reduce responsiveness and scalability, while unrestricted autonomy 

may increase the likelihood of harmful decisions that cannot be corrected quickly. 

A balanced approach should allow agents to perform routine, low-risk tasks independently while introducing stronger 

safeguards for high-risk decisions. Ethical requirements must be considered throughout the system lifecycle, including 

design, deployment, operation, monitoring, and retirement. 
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The study is important because it connects collective intelligence with responsible AI governance. It examines how 

established ethical principles can be translated into practical requirements for distributed systems without assuming that 

a single algorithm can resolve every ethical conflict. 

 

1.4 Research Gap 

Existing literature addresses several relevant areas, including swarm intelligence, ethical autonomous systems, multi-

agent decision-making, machine ethics, and risk management. However, these areas do not always use a common 

structure for evaluating collective ethical behaviour. Some studies focus on technical coordination, while others 

emphasize individual moral reasoning, governance principles, or safety assessment. 

A further challenge concerns the evaluation of collective outcomes. A swarm may satisfy the constraints of individual 

agents but still produce an unfair or unsafe result at system level. There is consequently a need for a conceptual 

synthesis that connects agent-level constraints, swarm-level outcomes, traceability, human oversight, and recovery 

procedures. 

 

1.5 Aim and Objectives 

The aim of this study is to examine how self-governing multi-agent swarms can support ethical decision-making while 

maintaining operational effectiveness and accountable human oversight. 

The specific objectives are: 

1. To examine the concepts and applications of multi-agent swarms. 

2. To review existing research on ethical decision-making in autonomous and collective systems. 

3. To identify the major ethical risks associated with self-governing swarms. 

4. To compare existing technical and governance approaches to ethical autonomy. 

5. To develop a conceptual framework for ethical swarm governance using secondary sources. 

6. To identify research gaps and suggest directions for future investigation. 

 

1.6 Research Questions 

The study addresses the following questions: 

 RQ1: What are the principal ethical challenges associated with self-governing multi-agent swarms? 

 RQ2: How do existing ethical AI and multi-agent approaches address collective decision-making? 

 RQ3: What mechanisms can support accountability, transparency, fairness, and safety in autonomous swarms? 

 RQ4: How can operational autonomy be balanced with human oversight? 

 RQ5: What research and evaluation gaps remain in the development of ethically governed swarms? 

The paper uses a conceptual literature-based approach. Its proposed framework is a synthesis of existing research and 

governance principles, not a new AI model or an experimentally validated system. 

 

II. REVIEW OF LITERATURE 

2.1 Swarm Intelligence and Multi-Agent Systems 

Swarm intelligence studies how collective behaviour can emerge from interactions among relatively simple individual 

entities. Bonabeau et al. (1999) describe the importance of decentralized interaction, feedback, and self-organization in 

biological and computational systems. Such principles allow a swarm to respond to changing environments without 

requiring every action to be specified by a central authority. 

Brambilla et al. (2013) identify several important characteristics of swarm robotics, including decentralization, local 

interactions, robustness, and scalability. These characteristics can be beneficial in dynamic environments, but they also 

make it difficult to predict all possible collective outcomes. The same distributed structure that helps a swarm continue 

operating when individual agents fail may make harmful behaviour difficult to trace to a single source. 
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Stone and Veloso (2000) discuss multi-agent systems as a field concerned with intelligent entities that coordinate and 

cooperate to accomplish tasks. Wooldridge (2009) similarly explains that agent-based systems involve autonomous 

entities operating in environments where interactions and coordination are central to system behaviour. These 

foundations are relevant to ethical swarm governance because ethical decisions must be considered in relation to the 

goals, knowledge, and actions of multiple agents. 

 

2.2 Machine Ethics and Ethical Autonomous Systems 

Machine ethics investigates how ethical considerations can be incorporated into the design and behaviour of artificial 

systems. Anderson and Anderson (2007) explore approaches to developing artificial moral agents and demonstrate that 

ethical reasoning is an important issue in autonomous-system design. 

Moor (2006) distinguishes different forms of machine ethics and discusses the challenges associated with systems that 

must make ethically significant decisions. These perspectives suggest that ethical behaviour cannot be reduced to 

operational performance alone. A system may achieve its technical objective while violating an important moral 

requirement. 

In a multi-agent swarm, this challenge becomes more complex because individual agents may have different local 

objectives. Ethical governance must therefore consider whether the collective system respects safety, privacy, fairness, 

and human welfare, rather than simply checking whether each agent follows its own task instructions. 

 

2.3 Collective Ethical Decision-Making 

Frasheri et al. (2022) propose the CAESAR framework for analysing ethical decision-making among groups of 

autonomous agents and humans. Their approach considers how trust, security, safety, and privacy influence collective 

decisions. It is particularly relevant because it recognizes that ethical concerns arise not only within individual agents 

but also through interactions among multiple actors. 

Cointe et al. (2017) examine collective ethics in multi-agent systems and explore how ethical considerations can be 

incorporated into agent interactions and collective behaviour. Such research indicates that ethical reasoning in a multi-

agent environment must account for cooperation, competing interests, and the effects of one agent’s actions on others. 

These studies provide a foundation for considering ethical governance as a system-level responsibility. However, 

conceptual frameworks do not automatically resolve every implementation question. Practical systems still need 

methods for representing conflicting values, identifying unacceptable actions, assigning responsibility, and responding 

when the swarm behaves unexpectedly. 

 

2.4 Multi-Objective Reinforcement Learning and Value Alignment 

Reinforcement learning enables agents to improve their behaviour through interactions with an environment. However, 

optimizing a single reward may encourage behaviour that achieves a measurable objective while neglecting ethical 

requirements. For example, an agent optimized only for speed may choose actions that increase risk or disadvantage 

certain groups. 

Rodriguez-Soto et al. (2021) examine multi-objective reinforcement learning as a way to address ethical objectives 

alongside individual goals. Their research explores how the design of an environment can encourage agents to learn 

behaviour consistent with specified ethical values. Rodriguez-Soto et al. (2022) further investigate the use of multi-

objective reinforcement learning for instilling moral value alignment. 

Rodriguez-Soto et al. (2025) extend this line of research to ethical multi-agent environments. Their work examines how 

a multi-agent learning environment can support jointly aligned behaviour while agents pursue their individual 

objectives. These studies offer useful technical approaches, but the specification of ethical values remains a significant 

issue. The selected objectives, their priorities, and their interpretation may influence the resulting behaviour. 

Deschamps et al. (2026) review multi-objective reinforcement learning from an ethical perspective. They identify 

properties relevant to ethically aligned agents, including taking user values into account, communicating with users, 
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adapting to changing preferences, accounting for other agents, and respecting norms. Their review also highlights the 

difficulty of evaluating ethical alignment in realistic environments. 

 

2.5 Ethical Governance and Risk Management 

Ethical governance extends beyond the design of an agent's decision-making algorithm. It includes risk assessment, 

documentation, operational monitoring, human responsibility, and procedures for correcting failures. 

The National Institute of Standards and Technology’s AI Risk Management Framework provides guidance for 

identifying, assessing, and managing AI risks throughout the system lifecycle (Tabassi, 2023). Although it is not a 

swarm-specific technical standard, its emphasis on context, measurement, governance, and continuous risk 

management can inform multi-agent system design. 

Floridi et al. (2018) discuss principles for a good AI society, including beneficence, non-maleficence, autonomy, 

justice, and explicability. These principles provide a useful ethical foundation for considering the benefits and risks of 

autonomous collective systems. 

The Organisation for Economic Co-operation and Development’s AI Principles emphasize human-centred values, 

fairness, transparency, robustness, safety, and accountability (OECD, 2024). ISO/IEC 42001:2023 establishes 

requirements and guidance for an AI management system, offering an organizational perspective on responsible AI 

governance (International Organization for Standardization [ISO], 2023). 

Winfield et al. (2025) specifically examine ethical governance of real-world swarm robotic systems. Their work 

emphasizes anticipatory governance, ethical risk assessment, ethical principles, standards, and verification and 

validation. It provides a direct connection between ethical governance and the practical deployment of swarms. 

 

2.6 Synthesis of the Literature 

The reviewed literature establishes that swarm intelligence can support flexible coordination, machine ethics provides a 

foundation for ethical reasoning, multi-objective learning offers techniques for balancing competing goals, and 

governance frameworks support risk management and accountability. 

However, these contributions address different aspects of the problem. Technical methods may optimize selected 

ethical objectives without fully resolving questions of legitimacy, responsibility, or public accountability. Governance 

principles may establish broad expectations without specifying how a swarm should respond to conflicting decisions in 

real time. 

The key gap is the need to connect these perspectives in a common conceptual framework. The present study addresses 

this gap by synthesizing ethical boundaries, distributed coordination, collective evaluation, traceability, human 

oversight, and continuous monitoring into a proposed governance structure. 

 

III. METHODOLOGY 

3.1 Research Design 

This study adopts a qualitative, literature-based research design using secondary data. A conceptual review and 

comparative thematic analysis are used to examine the ethical challenges of self-governing multi-agent swarms and to 

develop a governance framework from existing research. 

The study does not collect primary data. No interviews, questionnaires, focus-group discussions, experiments, or direct 

observations are conducted. It does not develop, train, or test a new AI model. The purpose is to synthesize existing 

knowledge rather than to measure the performance of a newly implemented system. 

3.2 Sources of Secondary Data 

The analysis draws on several categories of secondary sources: 

1. Peer-reviewed academic publications: Research on swarm robotics, multi-agent systems, machine ethics, 

ethical autonomous systems, and multi-objective reinforcement learning. 

2. Conceptual and theoretical research: Publications explaining collective decision-making, value alignment, 
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ethical reasoning, and agent coordination. 

3. Governance frameworks and standards: Resources addressing AI risk management, transparency, 

accountability, safety, and responsible system development. 

4. Policy documents: International principles and governance instruments relevant to the responsible design and 

deployment of AI. 

Priority is given to sources that directly address ethical autonomy, collective decision-making, swarm governance, or 

transferable AI governance practices. 

3.3 Source Selection 

Sources were selected according to their relevance to the research questions, conceptual contribution, publication 

credibility, and applicability to autonomous collective systems. Foundational publications were included where they 

established important concepts, while more recent publications were considered to capture developments in swarm 

governance and ethical learning. 

The review is purposive rather than an exhaustive systematic review. It should not be interpreted as a complete 

inventory of all research in the field. The source-selection process is intended to support a focused conceptual 

synthesis. 

3.4 Analytical Procedure 

The selected literature was examined using thematic comparison. Relevant findings were grouped under the following 

themes: 

 Autonomy and distributed coordination 

 Ethical constraints and value alignment 

 Safety, privacy, and fairness 

 Collective accountability and traceability 

 Human oversight and intervention 

 Monitoring, resilience, and recovery 

The approaches discussed in the literature were then compared according to their primary purpose, contribution, and 

limitations. Recurring themes were synthesized into a conceptual framework intended to connect technical controls 

with governance requirements. 

3.5 Ethical Considerations and Limitations 

Because the study uses published secondary sources, it does not involve direct participation by human subjects. 

Nevertheless, the analysis aims to represent the reviewed research accurately and distinguish documented findings from 

the proposed framework. 

The methodology has several limitations. First, the review is not exhaustive and may omit relevant studies. Second, the 

sources differ in their assumptions, application domains, and methods, limiting direct comparison. Third, the proposed 

framework has not been validated through experiments, field deployment, or expert consultation. Its effectiveness 

therefore remains a question for future research. 

 

IV. RESULT ANALYSIS 

4.1 Overview of the Analytical Results 

The comparative analysis identifies six major requirements for ethical self-governing swarms: ethical boundaries, safe 

distributed coordination, collective ethical evaluation, traceable decision-making, risk-based human oversight, and 

continuous monitoring with recovery. 

These requirements are interdependent. Ethical rules may be ineffective if agents cannot communicate critical 

information. Transparency may be insufficient if no person or organization has the authority to intervene. Human 

oversight may also be ineffective if the system does not provide understandable information about its decisions. 

The following analysis presents the principal themes emerging from the literature. These are qualitative findings from 

the reviewed sources, not numerical results from a new experiment. 
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4.2 Comparison of Existing Approaches 

Table 1: Comparative Analysis of Approaches Relevant to Ethical Swarms 

Approach Main contribution 
Relevance to ethical 

swarms 
Main limitation 

Swarm intelligence 

Decentralized 

coordination and 

collective behaviour 

Supports scalable and 

adaptive cooperation 

Collective outcomes may be 

difficult to predict 

Machine ethics 
Ethical reasoning in 

autonomous systems 

Provides a foundation for 

ethical constraints 

Moral values can be difficult 

to formalize 

CAESAR 

framework 

Models ethical 

collective decision-

making 

Connects agents, 

humans, trust, safety, and 

accountability 

Does not prescribe a complete 

implementation for every 

ethical conflict 

Multi-objective 

reinforcement 

learning 

Balances multiple 

objectives 

Helps represent ethical 

and operational goals 

together 

Results depend on objective 

selection and weighting 

AI risk management 

Identifies and manages 

risks across a system 

lifecycle 

Supports assessment, 

monitoring, and 

governance 

Requires adaptation to 

swarm-specific interactions 

Ethical swarm 

governance 

Anticipatory assessment 

and responsible 

operation 

Connects risk 

assessment, standards, 

and verification 

Real-world governance 

requires context-specific 

implementation 

Note. The comparison synthesizes the contributions discussed by Brambilla et al. (2013), Anderson and Anderson 

(2007), Frasheri et al. (2022), Rodriguez-Soto et al. (2021, 2022, 2025), Tabassi (2023), and Winfield et al. (2025). 

The comparison suggests that no single approach addresses every requirement. Swarm intelligence explains how 

coordination can emerge, but it does not independently establish whether the resulting behaviour is ethical. Machine 

ethics contributes moral reasoning, while risk-management frameworks support organizational control. Multi-objective 

learning can help operationalize competing goals, but it cannot by itself decide which values society should prioritize. 

Ethical governance consequently requires a combination of technical mechanisms, organizational responsibilities, and 

human judgement. 

4.3 Ethical Boundaries and Operational Autonomy 

The literature suggests that autonomy should not be treated as an all-or-nothing property. A swarm can be granted 

independence for routine tasks while remaining constrained when decisions could cause serious harm. 

For example, environmental-monitoring robots may autonomously adjust their routes to collect additional data. 

However, they should not automatically enter restricted property, expose sensitive personal information, or perform 

actions outside their authorized mission. 

A practical implication is that permitted actions should be defined before deployment. These boundaries should specify 

the swarm’s purpose, operating environment, authority, prohibited actions, and conditions that require escalation. 

This approach supports useful autonomy without assuming that every situation can be anticipated during design. It also 

makes it easier to distinguish normal adaptation from behaviour that exceeds the swarm’s authorized role. 

4.4 Collective Ethical Evaluation 

A central result of the review is that ethical evaluation must occur at both agent and swarm levels. Individual agents 

should comply with their local constraints, while the system should also examine the combined consequences of their 

actions. 

Consider a resource-allocation swarm in which each agent attempts to minimize delivery time. If all agents prioritize 

the fastest routes, the system may repeatedly serve easily accessible locations while neglecting difficult-to-reach 
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communities. Each agent may be performing its assigned optimization task correctly, yet the collective outcome may 

be unfair. 

This example demonstrates why ethical performance cannot be measured only through task completion or efficiency. 

The system must also evaluate distributional effects, safety implications, privacy risks, and the impact on affected 

stakeholders. 

Multi-objective reinforcement learning offers one possible technical approach to representing multiple objectives 

(Rodriguez-Soto et al., 2021, 2025). However, the choice of objectives and their relative importance requires 

justification. Ethical evaluation should therefore include explicit rules for unacceptable outcomes rather than relying 

exclusively on a weighted reward function. 

4.5 Accountability and Decision Traceability 

Distributed decision-making can create uncertainty about responsibility. A harmful outcome may result from 

incomplete information, conflicting instructions, faulty communication, a design limitation, or a series of individually 

reasonable decisions. 

The CAESAR framework demonstrates the relevance of modelling collective decision processes and the factors that 

influence them (Frasheri et al., 2022). Winfield et al. (2025) also emphasize governance practices that support 

responsible deployment of real-world swarm systems. 

The analysis indicates that decision traceability should capture, where feasible, the information available to agents, the 

relevant constraints, the decision made, the resulting action, and any intervention that followed. Records should be 

designed to protect privacy and avoid unnecessary collection of sensitive information. 

Traceability does not mean that every internal computation must be fully interpretable. It means that the system should 

retain sufficient evidence to investigate significant decisions, identify contributing factors, and support appropriate 

accountability. 

4.6 Human Oversight and Risk-Based Intervention 

Human oversight is important because ethical priorities may conflict or change over time. A swarm designed for one 

context may face circumstances that were not anticipated during development. 

The NIST AI Risk Management Framework emphasizes managing risks throughout the AI lifecycle (Tabassi, 2023). 

Applied to swarms, this suggests that oversight should depend on the seriousness and uncertainty of the proposed 

action. 

Low-risk decisions may be executed automatically within approved boundaries. Moderate-risk decisions may require 

additional checks, stronger consensus, or supervisory review. High-risk decisions may require human authorization, a 

safe pause, or a controlled shutdown. 

This graduated approach avoids two extremes: requiring human approval for every minor action and allowing 

unrestricted autonomy for consequential decisions. It also recognizes that oversight is only meaningful when 

responsible people have sufficient information, authority, and time to intervene. 

4.7 Continuous Monitoring and Recovery 

The literature on responsible AI governance and swarm systems indicates that ethical assurance cannot end when a 

system is deployed. Agent behaviour, environmental conditions, communication networks, and operational objectives 

can change over time. 

Continuous monitoring should therefore assess both technical performance and ethical indicators. Relevant indicators 

may include safety violations, disparities in resource allocation, privacy incidents, repeated communication failures, 

unexplained changes in behaviour, and excessive reliance on a single agent. 

When an unacceptable condition is detected, the system should have predefined responses. Depending on the risk, these 

may include limiting an agent’s permissions, isolating a malfunctioning component, reverting to a previously approved 

configuration, transferring control to a supervisor, or stopping the mission safely. 
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Table 2: Proposed Components of an Ethical Swarm Governance Framework 

Component Main purpose Example mechanism 

Ethical boundaries Define acceptable and prohibited actions Explicit operating constraints 

Distributed coordination 
Enable cooperation without unrestricted 

authority 

Permission limits and coordination 

protocols 

Collective ethical 

evaluation 

Assess the combined effects of agent 

actions 
Safety and fairness checks 

Traceability Support investigation and accountability Decision logs and event records 

Human oversight Escalate consequential decisions Risk-based approval and intervention 

Monitoring and recovery Detect and correct emerging problems 
Alerts, restricted modes, and safe 

shutdown 

Note. This is a conceptual framework developed through the present literature synthesis. It has not been experimentally 

validated. 

4.8 Overall Interpretation 

The result analysis indicates that ethical swarm governance is a socio-technical challenge. Technical controls are 

necessary, but ethical performance also depends on organizational responsibility, the quality of risk assessment, 

stakeholder expectations, and the availability of meaningful human intervention. 

The proposed framework brings these elements together. Its central principle is that a swarm should have sufficient 

autonomy to perform useful work but should not be permitted to override established safety and ethical boundaries 

simply because doing so improves a local performance measure. 

 

V. FINDINGS 

5.1 Ethical Behaviour Must Be Evaluated Collectively 

The first finding is that ethical performance must be assessed at both individual-agent and swarm levels. An agent may 

follow its own instructions while contributing to an undesirable collective result. Therefore, system evaluation should 

examine not only local decisions but also their combined effects on people, resources, and the operating environment. 

5.2 Autonomy Requires Explicit Boundaries 

The second finding is that autonomy should operate within clearly defined limits. A self-governing swarm should be 

permitted to adapt and coordinate within its approved mission, but high-impact or prohibited actions must remain 

constrained. This supports a balance between operational flexibility and responsible control. 

5.3 Ethical Objectives Must Be Explicit 

The third finding is that ethical goals cannot be assumed to emerge automatically from technical optimization. Fairness, 

safety, privacy, and human welfare must be represented through suitable requirements and evaluation criteria. Multi-

objective methods may help balance competing goals, but they do not eliminate the need to justify the selected values 

and priorities. 

5.4 Accountability Requires Traceable Decisions 

The fourth finding is that accountability becomes more difficult as decision-making becomes distributed. Appropriate 

records of important decisions, constraints, actions, and interventions can help investigators understand why an 

outcome occurred. However, technical traceability must be combined with clearly assigned organizational 

responsibility. 

5.5 Human Oversight Should Be Proportionate to Risk 

The fifth finding is that human oversight should be designed according to the consequences and uncertainty of 

decisions. Routine low-risk actions may be automated, whereas high-risk decisions should trigger stronger review, 

authorization, or intervention. This arrangement can preserve efficiency without treating human control as an optional 

feature. 
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5.6 Ethical Governance Must Continue After Deployment 

The sixth finding is that initial compliance is insufficient for systems operating in dynamic environments. Changes in 

operating conditions, agent behaviour, data quality, and objectives may create new risks. Monitoring, periodic 

reassessment, incident investigation, and recovery procedures are therefore essential. 

5.7 Governance Requires Multiple Complementary Mechanisms 

The final finding is that no single technical or organizational approach can guarantee ethical swarm behaviour in every 

situation. Swarm coordination, machine ethics, multi-objective optimization, risk management, and human oversight 

address different aspects of the problem. Their integration provides a stronger basis for responsible operation than 

relying on any one mechanism in isolation. 

These findings are conceptual conclusions derived from the reviewed literature. They should not be interpreted as 

statistically measured effects or as proof that the proposed framework will prevent all harmful outcomes. 

 

VI. DISCUSSION 

6.1 Implications for Theory 

The findings support a broader understanding of ethical autonomy in which responsibility is evaluated across the 

complete system rather than assigned exclusively to individual agents. Swarm behaviour emerges from interactions, 

and the consequences of those interactions may differ from the intentions of individual components. 

This perspective extends the relevance of machine ethics and collective decision-making research. Ethical evaluation 

must consider agent-level rules, system-level outcomes, and the relationship between technical behaviour and human 

values. The CAESAR framework offers a useful foundation for considering collective ethical processes, while research 

on ethical swarm governance highlights the importance of anticipatory risk assessment (Frasheri et al., 2022; Winfield 

et al., 2025). 

6.2 Implications for System Design 

For system designers, the proposed framework suggests that ethical requirements should be incorporated during early 

design rather than added after deployment. Designers should identify the swarm’s intended purpose, affected 

stakeholders, possible harms, authority limits, and intervention requirements before operational use. 

Designers should also distinguish between performance objectives and non-negotiable constraints. A system may 

optimize speed, cost, or resource use only while remaining within acceptable safety and ethical boundaries. Where 

ethical objectives conflict, the system should follow documented priorities and escalation procedures rather than 

silently choosing whichever objective is easiest to optimize. 

6.3 Implications for Governance and Accountability 

Organizations deploying swarms need clear responsibilities for design approval, risk assessment, monitoring, incident 

response, and system retirement. Distributed technical architecture does not remove the need for accountable human 

and organizational decision-makers. 

The NIST AI Risk Management Framework and ISO/IEC 42001 provide useful starting points for structuring AI 

governance and lifecycle responsibilities (ISO, 2023; Tabassi, 2023). Nevertheless, swarm-specific governance must 

also consider interactions among agents, collective failures, changing group behaviour, and the possibility that a local 

malfunction could affect the wider system. 

6.4 Balancing Ethical Constraints and Practical Usefulness 

A key challenge is ensuring that safeguards do not make a swarm unnecessarily ineffective. If every minor action 

requires human approval, the benefits of distributed autonomy may be lost. Conversely, if agents can override 

constraints whenever they encounter an unexpected situation, safety and accountability may be weakened. 

Risk-based oversight offers a practical compromise. Routine actions can proceed independently within established 

boundaries. Uncertain actions can trigger additional checks, while consequential actions require stronger authorization 

or a safe pause. 
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The objective is not to eliminate autonomy but to make it bounded, proportionate, and accountable. Ethical governance 

should preserve legitimate operational benefits while preventing efficiency from becoming the sole measure of success. 

6.5 Limitations of the Proposed Framework 

The framework has several limitations. First, the study is based on a purposive review rather than a fully systematic 

search, so it may not capture every relevant publication. Second, the reviewed sources address different types of agents 

and applications, which limits the extent to which their findings can be generalized across all swarm systems. 

Third, ethical principles may conflict. For example, privacy protection may limit information sharing, while safety may 

require additional data. Fairness may require different treatment for different circumstances, while consistency may 

favour uniform rules. The framework identifies the need to address such conflicts but does not provide a universal 

method for resolving every case. 

Finally, the framework has not been tested in simulation or real-world deployment. Its components should be treated as 

proposed governance requirements, not as demonstrated guarantees of ethical performance. 

6.6 Directions for Future Research 

Future research could evaluate the framework through secondary-data-based comparative case studies, followed by 

carefully designed simulation studies where appropriate. Researchers could examine whether different combinations of 

safeguards improve safety, fairness, traceability, and resilience without imposing excessive operational costs. 

Additional research is also needed to develop benchmarks for collective ethical behaviour, methods for identifying 

responsibility across interacting agents, and procedures for managing disagreements between human stakeholders and 

autonomous systems. Cross-domain research could examine how the requirements differ between low-risk 

environmental monitoring and high-impact applications such as emergency response. 

 

VII. CONCLUSION 

Self-governing multi-agent swarms offer a promising approach to solving complex tasks through decentralized 

coordination and collective intelligence. Their potential applications include disaster response, environmental 

monitoring, logistics, agriculture, transportation, and industrial automation. However, the same characteristics that 

make these systems adaptable and scalable also create ethical challenges. Decisions are distributed across agents, 

collective behaviour may be difficult to predict, and responsibility for harmful outcomes may be unclear. 

This paper examined these challenges through a qualitative review of secondary literature on swarm intelligence, multi-

agent systems, machine ethics, collective decision-making, multi-objective reinforcement learning, and AI governance. 

The review did not involve primary data collection, interviews, surveys, experiments, or the development of a new AI 

model. Its contribution is a conceptual synthesis of existing approaches and a proposed framework for ethical swarm 

governance. 

The analysis identifies six essential components: ethical boundaries, distributed coordination with safeguards, 

collective ethical evaluation, traceable decision-making, risk-based human oversight, and continuous monitoring with 

recovery mechanisms. Together, these components provide a structured way to consider ethical requirements at both 

agent and system levels. They also show why operational efficiency alone is an inadequate measure of success. A 

swarm must be evaluated according to the consequences of its behaviour, its treatment of affected stakeholders, and its 

ability to remain within authorized limits. 

The proposed framework emphasizes that autonomy and accountability should be complementary rather than 

competing goals. Agents should be able to make routine decisions independently, adapt to changing circumstances, and 

cooperate efficiently. At the same time, they should remain subject to clearly defined restrictions, appropriate 

monitoring, and meaningful human intervention when the consequences of a decision are serious or uncertain. 

The study also recognizes that ethical governance cannot guarantee that every harmful outcome will be prevented. 

Ethical values may conflict, environments may change, and complex interactions may generate unexpected behaviour. 

For this reason, responsible swarm governance requires continuous assessment, transparent procedures, incident 

investigation, and the ability to restrict or stop unsafe operations. 
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The main contribution of this research is therefore a conceptual governance framework that connects technical 

coordination with ethical reasoning and organizational accountability. It provides a foundation for future research into 

how ethical principles can be translated into practical requirements for autonomous collective systems. Future work 

should examine the framework through comparative case studies, domain-specific benchmarks, and controlled 

evaluations of safety, fairness, traceability, resilience, and operational effectiveness. 

Ultimately, self-governing multi-agent swarms should not be understood as systems that operate without responsibility 

or oversight. They should be understood as systems capable of bounded autonomous action within an accountable 

governance structure. Such an approach offers a basis for pursuing the benefits of collective intelligence while 

maintaining appropriate safeguards for human welfare, public trust, and responsible technological development. 
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