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The convergence of artificial intelligence (AI) and quantum technologies is increasingly framed as a decisive technological 

rupture. Quantum Artificial Intelligence (QAI)—broadly understood as AI methods enhanced by quantum computing or 

quantum information processing—promises dramatic speedups for optimization, simulation, and machine learning. Yet the 

same promise also intensifies ethical uncertainty: QAI systems may amplify opacity, accelerate decision cycles beyond 

human oversight, and generate systemic risks that propagate across tightly coupled socio-technical networks. This paper 

argues that conventional ethics approaches—often centered on linear causality, individual agency, and localized harm—

become insufficient as QAI pushes AI governance into domains characterized by nonlinearity, nonlocal correlation, and 

emergent behavior. 

To address this challenge, we develop an ―entangled worldview‖ as a meta-ethical orientation inspired by quantum 

entanglement’s philosophical implications: interdependence over isolation, correlation over separability, and holistic 

evaluation over fragmented analysis. We then re-examine cross-cultural ethical resources—especially Aristotelian virtue 

ethics and Confucian role ethics—as complementary traditions that can be reactivated for QAI governance. Through three 

domain cases (autonomous mobility, healthcare/precision medicine, and fintech/ market systems), we show how QAI ethical 

issues arise simultaneously at the levels of behavior (decision outputs), responsibility (accountability across lifecycle and 

institutions), and relationships (human–machine coexistence and socio-emotional manipulation). Finally, we propose a 

symbiotic framework for QAI ethics that combines ethics-by-design, traceable accountability, and participatory cross-

cultural governance, aiming to align technological development with human dignity, social justice, and sustainable global 

well-being.  
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1. Introduction: Ethical Discontinuities 

under a Technological Paradigm Shift 
Technological innovation has repeatedly reconfigured the moral 

landscape of human societies. The printing press transformed 

epistemic authority, industrial machinery reshaped labor and class 

relations, and digital networks redefined privacy, identity, and the 

circulation of power. Today, a new discontinuity is commonly 

described through two intertwined trajectories: the rapid diffusion of 

advanced AI systems and the maturation of quantum technologies. 

While AI already permeates transportation, healthcare, finance, 

education, and security, quantum computation and quantum 

information science are widely seen as the next substrate shift—one 

that can alter not only the pace of computation but also the structure 

of what is computationally feasible (Deloitte Insights, 2023; 

Microsoft Quantum, 2023). 

In this context, QAI is not merely ―faster AI.‖ It is a socio-technical 

possibility that may change the tempo and topology of decision-

making: (a) by enabling new classes of optimization and simulation, 

(b) by accelerating discovery cycles (e.g., drug development), and 

(c) by intensifying asymmetries among actors who possess quantum 

capability and those who do not. As AI becomes more autonomous 

and embedded, it already triggers classical ethical concerns: bias and 

discrimination, surveillance and privacy erosion, intellectual 

property disputes, labor displacement, and ambiguous liability when 

harm occurs (Shen & Gao, 2025). QAI can amplify these concerns 

and add new ones, including cryptographic disruption, extreme 

opacity from hybrid quantum–classical pipelines, and high-speed 

systemic failure modes in tightly coupled infrastructures. 

However, beyond the escalation of known AI risks, QAI invites a 

deeper philosophical diagnosis. Ethical analysis often assumes linear 

causality and separable agency: an identifiable decision-maker 

causes an action, which produces traceable outcomes, and moral 

judgment can assign responsibility accordingly. Yet many advanced 

AI harms already emerge from distributed sociotechnical systems 

rather than isolated acts. QAI intensifies this distribution: decisions 

may be produced through complex interactions between quantum 

processors, classical models, data infrastructures, and institutional 

incentives; impacts may propagate no locally through supply chains, 

global markets, and transnational security dynamics. In short, QAI 

shifts ethics from a problem of individual choices to a problem of 

entangled systems. 

This paper proposes that quantum entanglement—whiles a physical 

phenomenon—offers a powerful metaphor and heuristic lens for 

ethics in the QAI era. Quantum entanglement describes correlations 

between quantum systems that cannot be reduced to independent 

local properties; the state of the whole cannot be decomposed into 

states of the parts. While one must avoid naive ―physics-to-ethics‖ 

reductionism, the conceptual features associated with 

entanglement—non-reparability, holistic properties, and correlation-

based descriptions—can still inspire a philosophical reorientation: 

from atomistic ethics to relational and systemic ethics (Soulellis, 

2023; Aspalter, 2023). 

We develop this orientation as an ―entangled worldview,‖ then use it 

to reinterpret cross-cultural ethical traditions. In particular, 

Aristotelian virtue ethics and Confucian role ethics offer conceptual 

resources that do not primarily rely on rule-following (deontology) 

or outcome maximization (utilitarianism). Both traditions situate 

ethics in cultivated character, community embeddedness, and the 

maintenance of human flourishing or social harmony. These 

traditions can contribute to a cross-cultural ―ethical intelligence‖ for 

QAI: an ability to govern technology not only through compliance 

checklists but through cultivated dispositions, institutional practices, 

and shared norms that acknowledge interdependence. 

1.1. Research Questions and Contributions 

This paper addresses four guiding questions: 

1.1.1 Conceptual: How does QAI challenge the 

assumptions underlying mainstream AI ethics 

frameworks, especially those rooted in linear 

accountability and localized harm? 

1.1.2 Philosophical: In what sense can ―entanglement‖ 

function as a meta-ethical lens without collapsing 

physics into moral philosophy? 

1.1.3 Cross-cultural: How can Aristotelian virtue ethics 

and Confucian role ethics jointly inform ethical 

governance in QAI, and where do they diverge? 

1.1.4 Practical: What governance principles and design 

requirements can translate the entangled worldview 

into actionable QAI ethics across key sectors? 

Our contributions are: (a) a clarified conceptualization of QAI ethics 

as a systemic, cross-border, and high-tempo governance problem; 

(b) an entanglement-inspired ethical lens that emphasizes relational 

evaluation and holistic risk; (c) a cross-cultural ethical synthesis that 

connects virtue cultivation and role-based responsibility to modern 

socio-technical governance; and (d) a practical roadmap for 

―symbiotic technological ethics,‖ integrating design, regulation, and 

public participation. 

1.2. Research Level and Scope 

Methodologically, the paper is conceptual and interdisciplinary. It 

integrates: (a) technology ethics and AI governance discourse; (b) 

interpretive philosophy of quantum entanglement as metaphor and 

worldview; and (c) comparative ethics between Aristotelian and 

Confucian traditions. The case studies are illustrative rather than 

exhaustive; they function as ―ethical stress tests‖ that reveal the 

failure points of conventional frameworks and motivate systemic 

reforms. 

We distinguish QAI ethics from general AI ethics in two ways. First, 

QAI may enable computational capabilities (e.g., accelerated 

optimization, large-scale simulation) that materially change the 

decision space and feasible strategies in domains such as markets 

and security. Second, QAI’s hybrid architecture and probable 

concentration among a few capable institutions can reshape power 

distributions and governance feasibility. Hence, QAI ethics must 

consider not only model behavior but also geopolitical asymmetry, 

institutional control, and technological concentration. 

2. The Ethical Role of AI: From Efficacy 

to Responsibility and Relationship 
Before turning to entanglement, it is necessary to recall why AI 

already presses ethics beyond classical categories. AI systems 

increasingly act as decision infrastructures: they mediate access to 

employment, credit, insurance, education, healthcare, and public 

services. As they move from recommendation to automated 

execution, the ethical questions shift from ―what do tools do?‖ to 

―how do socio-technical agents behave, and who is accountable?‖ 

We organize AI ethics into three mutually reinforcing dimensions—

behavioral ethics, responsibility ethics, and relational ethics—

because QAI will stress all three simultaneously. 
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2.1. Behavioral Ethics: The Moral Content of Automated 

Decisions 

Behavioral ethics focuses on decision outputs and their alignment 

with moral goods such as fairness, no maleficence, and respect for 

persons. In AI contexts, the ―trolley problem‖ is often invoked as a 

stylized dilemma for autonomous vehicles. Yet the deeper issue is 

not merely which outcome is chosen, but how choices are 

operationalized: what objective functions, constraints, and training 

data encode moral preferences, and whose values become default 

(Deloitte Insights, 2023; PanSci, 2023). 

AI decisions can be ―correct‖ relative to metrics while being morally 

unacceptable in context. For instance, an algorithm optimizing crash 

fatalities might indirectly encode discrimination if it assigns 

different risk weights to different demographic groups based on 

historical data. Moreover, AI decisions can be normatively 

underdetermined: multiple value-consistent actions may exist, and 

choosing among them requires explicit moral prioritization. QAI 

may exacerbate this by enabling more strategies to be computed, 

thereby expanding the set of feasible ―answers‖ without clarifying 

which is morally appropriate. 

2.2. Duty Ethics: Accountability across Distributed 

Lifecycles 

Responsibility ethics concerns that should bear moral and legal 

responsibility when AI systems cause harm. Traditional 

responsibility models presume intentional agents and reasonably 

foreseeable consequences. Yet modern AI systems are developed 

through distributed pipelines: data collectors, model developers, 

platform owners, deplorers, integrators, and end users all shape 

outcomes. The ―black box‖ nature of many models further obscures 

causality and intent (Guru, 2023; Shen & Gao, 2025). 

In QAI, the distribution may intensify: quantum hardware providers, 

quantum algorithm designers, hybrid system integrators, and cloud-

based quantum access layers add complexity to the chain of 

causation. Responsibility becomes ―entangled‖ across institutions. 

Assigning liability after harm occurs is necessary but insufficient; 

governance must also aim for traceability, auditability, and proactive 

risk controls. Hence, responsibility ethics in QAI pushes toward 

lifecycle accountability and institutional design rather than solely 

individual blame. 

2.3. Relational Ethics: Norms for Human–Machine 

Coexistence 

Relational ethics shifts attention from isolated decisions to ongoing 

interaction. AI systems increasingly occupy quasi-social roles: 

companions, tutors, caregivers, customer service agents, and even 

mental-health support interfaces. These roles introduce moral 

questions about manipulation, dependency, dignity, and authenticity 

(O’Brien, 2022; CyberNative.AI, 2023). 

A relational lens asks: What obligations arise when humans form 

attachments to AI? What counts as respectful interaction design? 

How should systems represent their capabilities and limitations to 

avoid deception? QAI could increase relational risk by enabling 

more persuasive personalization, real-time adaptive influence, and 

deeper integration into daily life. Even if QAI does not ―feel,‖ it can 

simulate empathy in ways that restructure social relations and 

redistribute trust away from human communities. 

3. Quantum Entanglement: Implications 

from the Philosophy of No locality 

and Correlation 
Quantum entanglement represents a fundamental departure from the 

Newtonian worldview, which historically underpinned both classical 

physics and much of modern liberal ethical theory. In the classical, 

atomistic view, the universe is composed of independent, separable 

entities interacting through local, causal chains. Ethics, in turn, has 

largely been predicated on this atomism: moral agents are discrete 

individuals, actions are local events, and responsibility is assigned to 

specific actors based on discrete outcomes (Soulellis, 2023). 

Quantum entanglement, however, suggests a different architecture of 

reality—one characterized by "non-locality" and profound "holistic 

correlation." When particles become entangled, they form a unified 

system where the state of one entity cannot be fully described 

without reference to the other, regardless of the spatial distance 

between them (Microsoft Quantum, 2023). This phenomenon, 

famously described by Einstein as "spooky action at a distance," has 

been verified across decades of experiments and now serves as the 

foundation for the emerging QAI paradigm (Aspalter, 2023). 

Translating these physical insights into a socio-technical philosophy 

provides a robust lens through which to view QAI governance. 

3.1. Relevance over Individuality: Breaking the Illusion of 

Independence 

The first philosophical implication of quantum entanglement is the 

necessity of shifting from a focus on the individual to a focus on 

relevance. In our traditional ethical frameworks, we often start with 

the concept of the autonomous individual—the "sovereign self" who 

acts independently within a stable environment. However, the 

entangled worldview suggests that this is an ontological illusion. 

Just as entangled particles cannot be reduced to independent 

components, individuals in a highly integrated QAI-driven society 

cannot be fully understood in isolation from their relational networks 

(O'Brien, 2022). 

This shift echoes contemporary critiques of Western hyper-

individualism. Within the framework of QAI, an algorithm’s 

decision is not just a discrete output; it is a manifestation of data, 

training histories, institutional incentives, and human inputs that are 

deeply entangled. For instance, algorithmic bias is not merely a 

"bug" created by a lone programmer; it is a symptom of historical 

societal data entanglement. By adopting an entanglement-based lens, 

we move from asking "Who is to blame for this specific error?" (An 

individualistic question) to "What systemic correlations and 

relational dependencies produced this outcome?" (A holistic 

question). This shift is critical because it forces us to acknowledge 

that individual behavior, in the QAI era, is constantly triggered, 

constrained, and conditioned by the unseen network of relationships 

in which we are embedded. 

3.2. Holistic Approach over Fragmentation: A Leap from 

Analysis to Integration 

The second implication concerns methodology: the movement from 

reductionist analysis to holistic integration. Traditional Western 

scientific inquiry has thrived on the method of dissection—breaking 

down complex systems into their constituent parts to understand 

their functions (the "sum of the parts" approach). This method has 

successfully driven industrial and computational progress. However, 

quantum entanglement reveals that in complex systems, the whole is 

greater than the sum of its parts. The properties of an entangled 
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system arise from the relationships between parts, which vanish if 

the system is dismantled (Soulellis, 2023). 

This holistic perspective is essential for managing the systemic risks 

of QAI. When AI is combined with quantum computing, its 

decision-making processes will exhibit high complexity and non-

linearity. Analyzing the ethical risks of such systems by focusing on 

isolated components—such as checking the code for errors—is 

insufficient because it ignores the "quantum effects" of the system: 

the emergent phenomena that arise only when the system is 

integrated, scaled, and deployed in a real-world, high-speed 

environment (Deloitte Insights, 2023). 

For example, the deployment of QAI in financial markets does not 

just affect the specific trades it executes; it alters the volatility, 

transparency, and stability of the entire global financial ecosystem. 

Therefore, an entanglement-inspired governance framework requires 

us to perform "holistic impact assessments" that track not just direct 

outcomes, but the ripples of influence across social, economic, and 

political structures. We must design norms that account for the 

interconnectedness of these systems, prioritizing overall systemic 

stability over the optimization of individual sub-systems. 

4. The Resonance of Eastern and 

Western Ethics: A “Dilemma of 

Ethics” 

The relational ontology revealed by quantum entanglement is not 

entirely new; it has long been the subject of profound ethical 

reflection in both Eastern and Western traditions. These classical 

traditions offer a rich vocabulary for navigating the "entangled" 

reality of the QAI era. By synthesizing these perspectives, we can 

develop a more resilient, cross-cultural ethical framework. 

4.1. Aristotle’s Virtue Ethics: The Flourishing Individual 

and the Community 

Aristotle’s virtue ethics (Aretaic ethics) provides a crucial Western 

counterweight to the purely rule-based or utility-based approaches of 

modern ethics. Aristotle posited that the ultimate end of human 

action is Eudaimonia—often translated as "happiness" or 

"flourishing"—which is achieved not through the accumulation of 

pleasure, but through the cultivation of virtues such as courage, 

temperance, justice, and practical wisdom (Phronesis) (Stanford 

Encyclopedia of Philosophy, 2023). 

Critically, for Aristotle, virtue is not an abstract, internal trait; it is a 

social practice. He famously declared that "man is a political 

animal," meaning that individual flourishing is inseparable from the 

well-being of the polis (city-state/community). The virtuous 

individual and the just society are mutually constitutive; one cannot 

truly flourish in a broken or unjust community. In the QAI context, 

Aristotelian ethics reminds us that technological development should 

not just be about efficiency or objective performance, but about how 

these systems contribute to the flourishing of human society. It urges 

developers and policymakers to ask: "Does this QAI application 

cultivate human excellence and community well-being, or does it 

erode our capacity for practical wisdom and social connection?" 

4.2. Confucian Role Ethics: The Gentleman in 

Relationships and a Harmonious Society 

In the East, Confucian ethics offers a framework of "Role Ethics" 

that is arguably even more aligned with the entanglement-inspired 

worldview. Confucianism rejects the notion of an abstract, 

autonomous self, positing instead that humans are inherently 

relational beings defined by their roles within a network of 

relationships— family, community and state (Huang, 2023). 

The core of Confucian ethics is Ren (Benevolence/Humaneness), 

which acts as the guiding moral force, and Li (Ritual/Propriety), 

which provides the concrete norms for behavior within these 

relationships. The ideal person, the Junzi (Gentleman), is not one 

who follows universal rules, but one who knows how to act 

appropriately within specific relationships to maintain harmony. 

This emphasis on relationality mirrors the entanglement concept 

perfectly: an individual’s identity and moral obligation are defined 

by their position within a complex, interconnected web. In the QAI 

era, Confucian ethics teaches us that we cannot treat AI as a 

detached tool. We must treat human-machine interactions as new 

types of social relationships, where duties of care, respect, and 

mutual obligation apply, just as they do in the human realm (Li, 

2023). 

4.3. Synthesizing Paradigms: An Ethical Entanglement 

Although Aristotle and Confucius emerge from different historical 

contexts, they converge on a crucial point: morality is found in the 

quality of our relationships and the character of our engagement 

with the world, rather than in the mere calculation of outcomes. By 

synthesizing these approaches, we establish a robust framework for 

QAI that balances individual responsibility (Aristotle) with 

systemic, relational harmony (Confucius). 

Table 1 Comparative Analysis of Ethical Paradigms for the QAI Era 

Feature 
Aristotle: 

Virtue Ethics 

Confucianism: 

Role Ethics 
QAI Implications 

Core Ethical 

Focus 

Character and Phronesis (Practical 

Wisdom) 

Ren (Benevolence) and Li 

(Ritual/Propriety) 

AI Governance as a practice of character and 

relationship management. 

Primary Goal Eudaimonia (Individual and Civic 

Flourishing) 

Social Harmony and Order Balancing individual autonomy with the health 

of the systemic whole. 

Methodology Cultivation of habits and virtues Education, practice, and ritualized 

conduct 

Designing algorithms that encourage "virtuous" 

user behaviors. 

Perspective on 

Self 

The individual within the Polis 

(Political community) 

The person as a "Relational Node" 

in a network 

AI systems must recognize and support human 

interdependence. 
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Feature 
Aristotle: 

Virtue Ethics 

Confucianism: 

Role Ethics 
QAI Implications 

Governance 

Style 

Promoting just institutions Fostering harmonious 

relationships 

Moving from "compliance-based" to "culture-

based" AI governance. 

Source: Compiled from Virtue Ethics and Confucian tradition 

literature. 

This comparative analysis demonstrates that while Western and 

Eastern traditions differ in their philosophical starting points, they 

collectively reject the "atomic" view of the world that has dominated 

modern technology policy. By integrating these perspectives, we can 

move toward an "Ethical Entanglement"—a cross-cultural 

framework that recognizes that in the QAI era, we are all deeply 

interconnected, and our technological interventions must be 

governed by a commitment to the flourishing of both the individual 

and the global collective (Progressive Confucianism, 2023). 

5. The Practical Impact and Ethical 

Challenges of QAI: Case Studies 
The integration of quantum computing with artificial intelligence 

does not merely augment existing AI capabilities; it introduces new 

operational variables—extreme processing speed, high-dimensional 

data analysis, and non-linear predictive power—that fundamentally 

alter the nature of decision-making. When QAI becomes the 

underlying infrastructure of high-stakes social systems, it transforms 

the "Trolley Problem" and other ethical dilemmas from 

philosophical thought experiments into immediate, real-world 

operational challenges. 

This section examines three critical sectors—autonomous mobility, 

precision medicine, and fintech—to illustrate how QAI intensifies 

ethical dilemmas and necessitates a transition toward the "entangled 

worldview" proposed in this study. 

5.1. The Ethical Dilemma of Self-Driving Cars: The 

Accelerating “Trolley Problem” 

Autonomous vehicles (AVs) are already a significant focus of AI 

ethics, primarily regarding the "Trolley Problem"—the moral 

dilemma of how an algorithm should prioritize lives in unavoidable 

accident scenarios (Deloitte Insights, 2023). QAI significantly 

exacerbates this dilemma. With the ability to process vast arrays of 

environmental sensors, traffic flow data, pedestrian intent, and 

weather variables in near-real-time, a QAI-enhanced AV system can 

generate and evaluate a much broader set of outcomes than classical 

AI. 

However, this expanded decision-making capacity creates an 

"Ethical Velocity Gap." When a vehicle makes a decision in 

milliseconds, it operates at a speed that precludes human 

intervention or real-time ethical deliberation. Furthermore, the 

"black box" nature of quantum-enhanced neural networks makes it 

exceptionally difficult to decipher the logic behind a life-or-death 

split-second decision. 

From the perspective of Behavioral Ethics, this raises a profound 

question: If a QAI system opts to prioritize the vehicle’s occupants 

over pedestrians, is it acting according to an objective moral 

calculus, or is it reproducing the implicit biases of its training data? 

(Shen & Gao, 2025). The entanglement here is spatial and temporal: 

the vehicle is a node in a massive, interconnected traffic network. A 

QAI-driven decision to swerve does not just affect the car; it creates 

a cascade of effects on surrounding traffic, potentially causing 

secondary accidents. Thus, the responsibility for harm cannot be 

localized to a single driver or a single line of code; it is distributed 

across the developers, the data sets, the urban infrastructure, and the 

regulatory environment. 

5.2. Ethical Considerations in Healthcare: The Double-

Edged Sword of Precision Treatment 

QAI holds the promise of revolutionary advancements in healthcare, 

particularly in accelerating drug discovery and enabling highly 

personalized, "precision" treatment plans (Guru, 2023). By 

analyzing astronomical amounts of biological data, quantum 

machine learning can identify patterns of disease progression that 

remain invisible to human physicians. Yet, this potential comes with 

significant ethical risks: 

5.2.1 Privacy and Data Security: QAI poses a unique threat to 

traditional cryptographic security. As quantum computing 

advances, the encryption methods currently protecting 

sensitive genetic and medical data could become obsolete. 

The "entangled" nature of health data—where a single 

person's genetic information is linked to their family and 

community—means that a breach of one individual's QAI-

processed data could have cascading privacy implications 

for their kin. 

5.2.2 Decision-making Power and Autonomy: If a QAI 

system provides a diagnosis or treatment recommendation 

that is statistically highly accurate but inexplicable to 

human doctors due to the complexity of the quantum-

classical hybrid model, the doctor-patient relationship is 

fundamentally altered. Can a patient truly exercise 

informed consent if the rationale behind the medical 

advice is an "incomprehensible black box"? This risks 

eroding the core of Relational Ethics, shifting the 

relationship from a partnership based on shared 

understanding to a hierarchical reliance on technological 

authority (PanSci, 2023). 

5.2.3 Equity and Social Justice: The high costs of developing 

and deploying QAI-driven medical infrastructure create a 

risk of "technological stratification." If such powerful 

diagnostic tools are only available to wealthy populations 

or nations, the medical gap will widen, exacerbating 

existing social inequalities. Ethical stewardship requires 

that the benefits of QAI be distributed in a way that aligns 

with the Confucian ideal of Ren (Benevolence), ensuring 

that technological progress does not leave the vulnerable 

behind. 

5.3. Challenges of Fintech: Crisis of Market Stability and 

Transparency 

In the financial sector, QAI is expected to transform high-frequency 

trading and risk assessment. However, the speed and complexity of 

QAI-driven financial models introduce systemic risks that are 

difficult to manage with current regulatory frameworks. 

5.3.1 Systemic Instability: QAI algorithms can react to market 

signals and execute trades in nanoseconds, far exceeding 
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human intervention capabilities. This introduces the risk of 

"quantum flash crashes," where entangled market 

dependencies cause a rapid, feedback-loop-driven collapse 

of market liquidity (Guru, 2023). 

5.3.2 Algorithmic Hegemony and Fairness: As QAI systems 

operate in ways that are difficult to monitor, they may 

create an "algorithmic hegemony," where early adopters or 

entities with superior quantum computational power can 

systematically manipulate markets or gain unfair 

advantages. The complexity of these "black box" systems 

makes it nearly impossible for regulators to ensure market 

transparency and fairness. 

5.3.3 Accountability in a Complex System: If a QAI system 

triggers a financial crisis, the traditional attribution of 

blame—the "individual trader" or "reckless institution"—

becomes reductive. The crisis is an emergent property of 

the entangled financial network. Addressing this requires a 

shift from punitive, post-hoc regulation to "Ethics by 

Design," where safety constraints and circuit breakers are 

embedded into the quantum algorithms themselves (Shen 

& Gao, 2025). 

Table 2 Comparative Ethical Stress Tests in the QAI Era 

Sector Primary Ethical Challenge Entanglement Aspect Governance Priority 

Autonomous 

Mobility 

Real-time ethical prioritization (The 

"Trolley Problem") 

Spatial and temporal cascades in 

traffic networks 

Real-time safety protocols and 

"Ethics by Design" 

Healthcare Erosion of autonomy and privacy Intergenerational/Relational data risks Transparency, Explainability, 

and Equity of Access 

Fintech Systemic risk and algorithmic hegemony Interconnected market feedback loops Systemic stability, circuit 

breakers, and algorithmic 

oversight 

Source: Compiled from QAI case study literature (2023-2025). 

5.4. Synthesis: The Necessity of a Holistic Governance 

Response 

The case studies above demonstrate that the ethical challenges posed 

by QAI are not isolated problems; they are systemic, non-local, and 

deeply intertwined. Conventional, piecemeal regulation—which 

focuses on individual sector-specific rules—will fail to capture the 

"entangled" nature of these risks. 

For instance, the privacy issues in healthcare are linked to the 

security issues in financial data; the decision-making speed in 

autonomous vehicles is a technical cousin to the high-frequency 

trading speed in finance. All these domains are moving toward an 

architecture where human oversight is being mediated, and 

sometimes replaced, by autonomous, high-speed, and complex 

quantum-classical systems. 

Therefore, we must move toward an integrated governance 

approach. This approach, which we will detail in the final section, 

requires: 

5.4.1 Transparency and Explain ability as an ethical 

imperative, not just a technical feature. 

5.4.2 Cross-sectorial and International Collaboration, as 

QAI risks respect no national borders. 

5.4.3 Participatory Governance, where not only technologists, 

but ethicists, sociologists, and the public, have a seat at the 

table to define the values embedded into these entangled 

systems. 

6. Implementation and Future Prospects 

of the Ethical Framework: Symbiotic 

Technological Ethics 
The profound challenges posed by Quantum Artificial Intelligence 

(QAI) suggest that traditional, reactive technological safeguards are 

insufficient. As QAI systems exhibit increased complexity and non-

local impacts, our governance frameworks must evolve from static, 

siloed compliance measures to dynamic, systemic, and cross-cultural 

ethical architectures. We propose a vision of "Symbiotic 

Technological Ethics," where the advancement of technology and 

the maturation of human values progress in a mutually reinforcing, 

or "entangled," manner. 

6.1. Establishing a Comprehensive Ethical Governance 

System 

To address the "black box" risks and systemic instabilities inherent 

in QAI, governance must be built into the lifecycle of the 

technology, rather than appended as an afterthought. 

6.1.1 Clarifying Responsibilities and Accountability 

Mechanisms: The "entangled" nature of QAI 

development—involving researchers, hardware 

providers, algorithm designers, and end-users—

demands a clear, multi-layered chain of 

responsibility. We advocate for a "Distributed 

Responsibility Model" (DRM), where each node in 

the development and deployment lifecycle carries 

specific, legally defined ethical obligations. By 

utilizing blockchain-based audit trails or "digital 

provenance" tools, we can ensure that every decision 

made by a QAI system is traceable to its design 

constraints and training history, allowing for 

accountability even in complex, multi-stakeholder 

environments (Shen & Gao, 2025). 

6.1.2 Ethics-by-Design and Values-by-Design: 

Governance must move beyond simple checklists to 

"Ethics-by-Design" (EbD). This approach requires 

that ethical principles—such as fairness, non-

maleficence, and transparency—be encoded as 

primary constraints within the objective functions of 

quantum algorithms. In this framework, "Value 

Alignment" is not a post-hoc filter but a foundational 

requirement of the technical architecture. Developers 

should be incentivized to integrate "human-in-the-
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loop" constraints that allow for real-time human 

intervention when a QAI system approaches morally 

ambiguous decision-making thresholds. 

6.1.3 International Cooperation and Common Norms: 

QAI risks are trans boundary; a failure in a financial 

algorithm or a security breach in a quantum-

encrypted healthcare system can have global 

repercussions. Consequently, a "race to the bottom" 

regarding ethical standards, driven by geopolitical 

competition, must be avoided. Establishing 

international governance bodies that harmonize 

ethical standards—similar to the role of the IAEA in 

nuclear energy—is essential. This global cooperation 

should focus on shared definitions of acceptable risk, 

open-standard transparency protocols, and the 

collaborative management of "dual-use" quantum 

capabilities (National Geographic Education, 2023). 

6.2. Emphasizing Education and Public Participation 

Technological governance cannot succeed if it remains an exclusive 

dialogue among engineers and policymakers. It requires the 

cultivation of a society that possesses "technological ethical 

literacy." 

6.2.1 Popularizing Ethical Literacy: Education systems 

must reform to include AI and quantum ethics as core 

components of modern citizenship. This literacy 

should go beyond basic awareness; it should equip 

citizens to understand the potential and risks of new 

technologies, enabling them to actively participate in 

the formulation of policies. Public engagement 

should be treated as a form of "collective wisdom," 

where the diverse perspectives of society—especially 

those traditionally marginalized by technological 

shifts—are integrated into the development process. 

6.2.2 Multi-stakeholder Dialogue and Consensus 

Building: We advocate for the establishment of 

"Quantum-Ethical Advisory Councils" at both local 

and international levels. These forums should 

facilitate ongoing, interdisciplinary dialogue among 

technology experts, ethicists, sociologists, legal 

scholars, and the general public. By moving away 

from top-down regulation and toward democratic 

consensus-building, we can ensure that QAI serves as 

a tool for public good, rather than a vehicle for 

unchecked institutional power (Shen & Gao, 2025). 

6.3. Modern Implications of Confucian Ethics: From 

"Benevolence" to "Global Well-being" 

In the QAI era, the wisdom of Eastern traditions, particularly 

Confucianism, offers a unique lens for navigating the complexities 

of human-machine interaction. The Confucian emphasis on Ren 

(Benevolence), Li (Ritual/Propriety), and Yi (Righteousness) can be 

translated into a modern framework for digital and quantum 

stewardship. 

6.3.1 The Expansion of "Benevolence" (Ren): 

Traditionally, Ren refers to empathy and care 

between people. In the QAI context, we must expand 

this to include "Human-Machine Benevolence." This 

requires that the development and application of QAI 

not only satisfy the utilitarian interests of its users but 

also demonstrate care for the overall well-being of 

the global society and the ecological environment. 

This entails designing QAI systems that minimize 

environmental costs and respect the dignity of human 

labor. 

6.3.2 The Reconstruction of "Ritual" (Li): Li represents 

appropriate behavior and respect for social order. We 

propose translating Li into "Digital Decorum"—a set 

of design norms for human-machine interaction. This 

includes respecting user autonomy, avoiding 

manipulative dark patterns, and ensuring that AI 

interactions reinforce, rather than erode, interpersonal 

connections. 

6.3.3 The Cultivation of the "Gentleman" (Junzi): The 

Confucian Junzi is a person of character who 

constantly engages in self-cultivation. We propose 

this as a model for the "Ethical AI Developer." Just as 

the Junzi directs their power toward social harmony, 

the developers and stewards of QAI must pursue 

moral perfection alongside technical excellence. This 

ethos shifts the focus from "what can be built" to 

"what is worthy of being built" (Li, 2023). 

Table 3 Integrating Confucian Virtues into QAI Governance 

Confucian Concept Traditional Meaning Modern QAI Application Governance Strategy 

Ren (Benevolence) Humaneness/ Compassion Systemic concern for global welfare 

and non-harm 

Designing "beneficent-by-

design" algorithms 

Li (Ritual/ Propriety) Social Order/ Conduct Human-centered interaction design and 

decorum 

Ethical guidelines for human-

AI engagement 

Yi (Righteousness) Moral Integrity/ Justice Ethical legitimacy of automated 

decisions 

Traceable accountability and 

auditability 

Junzi (Gentleman) The Ideal Ethical Person The responsible 

developer/technological steward 

Ethical training and character 

formation in engineering 

Source: Compiled from Confucian ethical philosophy and modern 

technology governance frameworks. 

6.4. Future Vision: Symbiotic Technological Ethics 

The goal of our governance framework is the realization of 

"Symbiotic Technological Ethics." This vision acknowledges that 

QAI and human values are not opposing forces but are, in fact, 

"entangled." The future of human civilization depends on whether 



 

 

This work is licensed under a Creative Commons Attribution-NonCommercial 4.0 International License. 

DOI: 10.5281/zenodo.19846557  
 Page 8 
 

we can internalize the profound interdependence revealed by 

quantum entanglement into our ethical principles. 

A symbiotic approach recognizes that technological development is 

a form of social evolution. If we treat QAI merely as a tool for 

economic optimization, we risk triggering the chaotic outcomes we 

have analyzed in previous sections. However, if we guide QAI 

development with an entangled worldview—valuing relationships, 

systemic stability, and holistic flourishing—we can harness the 

immense power of quantum-enhanced intelligence to solve the 

world's most pressing challenges, from climate change and disease 

to inequality. 

This path requires humility, vigilance, and the courage to rethink our 

most basic assumptions about autonomy and independence. It 

demands that our ethical wisdom grows in tandem with our 

technological intelligence. Only by establishing a deep 

"entanglement" between technology and ethics can we ensure that 

QAI leads humanity toward a more harmonious, equitable, and 

prosperous future. This is not merely a technical challenge; it is a 

profound opportunity for human civilization to mature in the age of 

the quantum. 

7. Global Governance: Toward a 

Transnational “Ethics of 

Entanglement” 
The ethical challenges of QAI are inherently global. Because 

quantum algorithms can be deployed via cloud infrastructures that 

transcend national borders, and because QAI-driven systemic risks 

(such as financial instability or cryptographic failure) can propagate 

instantly across the globe, national regulatory silos are insufficient. 

A "Quantum AI Arms Race"—if left unchecked—could lead to a 

race to the bottom, where ethical safeguards are sacrificed to achieve 

competitive advantage. Therefore, the "Ethics of Entanglement" 

must be operationalized at the transnational level. 

7.1. Addressing the Quantum Divide: Global Equity and 

Access 

One of the most pressing global challenges is the potential for a 

"Quantum Divide"—a widening chasm between nations that possess 

advanced quantum computational capabilities and those that do not. 

If QAI creates significant economic, medical, and security 

advantages, this divide could exacerbate existing geopolitical 

inequalities. 

From the perspective of our cross-cultural framework, justice 

requires that the benefits of QAI are not hoarded by a few powerful 

states or corporations. The Confucian concept of Ren (Benevolence) 

extends to the global scale, implying a responsibility to share the 

"fruits" of technological progress. We propose a "Global Quantum 

Commons" framework, inspired by international efforts in space 

exploration and nuclear non-proliferation. This framework would: 

7.1.1 Facilitate Capacity Building: Invest in the quantum 

literacy and infrastructure of developing nations to 

ensure global participation in the QAI era. 

7.1.2 Promote Open Science/Open Data: Encourage the 

sharing of non-sensitive research data and 

algorithmic best practices to prevent "knowledge 

monopolies." 

7.1.3 Establish Equitable Access Protocols: Ensure that 

critical QAI-driven breakthroughs in medicine and 

climate science are treated as global public goods, 

accessible to all, rather than guarded as proprietary 

assets. 

7.2. Regulatory Interoperability and Standards 

Harmonization 

While nations will inevitably have different cultural and political 

approaches to AI regulation, the systemic nature of QAI requires 

regulatory interoperability. We cannot have fundamentally 

conflicting standards for QAI-driven financial systems, as this would 

create systemic vulnerabilities. 

We advocate for the development of "Global Quantum-Ethical 

Standards" (GQES) through platforms such as the OECD, G7/G20, 

and international standards bodies (like ISO and IEEE). These 

standards should prioritize: 

7.2.1 Transparency Protocols: Defining what information 

regarding QAI-driven decisions must be disclosed to 

regulators and the public, even when the underlying 

quantum model is opaque. 

7.2.2 Safety Benchmarks: Establishing "red-line" criteria 

for QAI applications in critical infrastructure, where 

the potential for catastrophic, non-local failure is 

high. 

7.2.3 Auditability Requirements: Creating standardized 

protocols for third-party auditing of QAI systems, 

ensuring that accountability is not bypassed by the 

complexity of the hardware. 

7.3. From Hard Law to Soft Law: A Hybrid Regulatory 

Ecosystem 

The rapid evolution of QAI outpaces traditional legislative 

processes. Hard law (binding treaties and national laws) is necessary 

for defining basic rights and liabilities, but it is often too slow and 

rigid for the agile development cycles of AI. We must therefore 

adopt a "Hybrid Regulatory Ecosystem" that integrates hard law 

with flexible "soft law" instruments. 

7.3.1 Hard Law (The Foundation): High-level 

international agreements—such as treaties on the 

non-weaponization of quantum technologies—to set 

the "rules of the road" for national conduct. 

7.3.2 Soft Law (The Agile Layer): Industry-led codes of 

conduct, voluntary certification schemes, and 

"sandbox" regulatory environments that allow for 

iterative testing of governance mechanisms. This 

layer allows for the rapid incorporation of new 

technological insights without waiting for legislative 

approval. 

7.3.3 Community Standards (The Grassroots): Open-

source initiatives, academic peer-review networks, 

and public-interest technology groups that monitor 

the behavior of QAI systems in the wild. This 

ecosystem creates a multi-layered defense against 

unethical deployment. 
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Table 4 Governance Mechanisms for a Global "Ethics of Entanglement" 

Mechanism Type Tool Examples Role in QAI Governance 

Hard Law International Treaties, National Legislation Defines non-negotiable rights, liabilities, and safety red-

lines. 

Soft Law ISO Standards, Codes of Conduct, 

Certifications 

Provides agile, industry-specific guidelines that evolve 

with tech. 

Technical Standards Explainable AI (XAI) protocols, Audit 

Trails 

Translates ethical requirements into code and system 

architecture. 

Community Standards Public-interest audits, Academic research Provides oversight and transparency from outside the 

corporate/state loop. 

Source: Adapted from models of AI governance and international 

regulatory theory (2025). 

7.4. Geo-Ethics and the "Entangled" Diplomatic Strategy 

In the era of QAI, diplomacy itself must become "entangled." States 

can no longer view their technological strategies as isolated 

sovereign pursuits. Instead, we must move toward a model of "Geo-

ethics," where nations recognize that their technological decisions 

have nonlocal impacts on the security and stability of the entire 

global system. 

This approach involves: 

7.4.1 Transparency-Building Measures: Just as nuclear 

arms control involves inspection and verification, we 

should establish "Quantum Transparency Measures" 

to build trust and avoid the worst-case scenarios of a 

competitive "arms race." 

7.4.2 Multilateral Governance Councils: Creating 

permanent, multi-stakeholder councils—inclusive of 

technologists, ethicists, and policymakers—to 

oversee the development of QAI. These councils 

would move beyond mere economic discussions to 

focus on the long-term, systemic implications for 

human society. 

By shifting our focus from national competition to global 

cooperation, we can ensure that QAI serves as a catalyst for a more 

interconnected and prosperous world, rather than a wedge that drives 

humanity apart. The "Ethics of Entanglement" is not just a 

philosophy; it is a pragmatic necessity for surviving and thriving in 

the Quantum Age. 

8. Conclusion: The Symbiotic Horizon 
As we stand at the threshold of the Quantum AI (QAI) era, the 

promise of unprecedented computational power is accompanied by a 

profound crisis of ethical orientation. Throughout this paper, we 

have argued that the limitations of traditional, atomistic, and rule-

based ethical frameworks are becoming increasingly apparent in the 

face of QAI’s complex, non-local, and systemic nature. The "spooky 

action at a distance" that characterizes quantum entanglement serves 

not only as a physical reality but as a powerful philosophical 

metaphor for our interconnected human condition in the digital age. 

8.1. Synthesis: From Atomism to Entanglement 

We have demonstrated that the core of the QAI challenge lies in its 

capacity to dissolve the boundaries we have long used to manage 

technological risk. By analyzing behavioral, responsibility, and 

relational ethics, we identified that QAI renders traditional, linear 

models of accountability and decision-making obsolete. The "Ethical 

Entanglement" we proposed—drawing from the resonance between 

Aristotle’s virtue ethics and Confucian role ethics—provides a 

necessary corrective. 

By shifting our ethical gaze from the "isolated individual" to the 

"relational node," we gain a more accurate understanding of how 

QAI systems function and how they impact society. Whether in the 

high-speed decision cycles of autonomous vehicles, the deep-

learning diagnostic processes of precision medicine, or the rapid 

feedback loops of global financial markets, the common thread is the 

need for a holistic, systemic approach. We must recognize that in the 

QAI era, the "parts" cannot be understood or governed in isolation 

from the "whole." 

8.2. The Rebirth of Human-Centric Governance 

Our governance framework, rooted in the principles of "Symbiotic 

Technological Ethics," advocates for a fundamental shift in how we 

conceive of technological progress. This shift is three-fold: 

8.2.1 Architectural: Moving from post-hoc regulation to 

"Ethics-by-Design," where ethical constraints are not 

merely constraints but foundational elements of the 

algorithm’s objective function. 

8.2.2 Institutional: Evolving from national silos toward a 

"Hybrid Regulatory Ecosystem" that combines hard 

law, soft law, and community-based auditing, 

ensuring agility in the face of rapid technological 

change. 

8.2.3 Cultural: Cultivating "Technological Ethical 

Literacy" that treats the development and use of QAI 

as an exercise in character, social responsibility, and 

stewardship—the modern embodiment of the 

Confucian Junzi and the Aristotelian person of 

Phronesis. 

This governance model is not a utopian ideal but a pragmatic 

requirement. The global nature of QAI risks—from the potential for 

systemic financial failure to the erosion of data privacy across 

borders—means that our only viable path is one of deep, proactive 

cooperation. The "Quantum Divide" poses a threat not just to equity, 

but to the stability of the global system itself, making the promotion 

of global quantum literacy and equitable access a strategic necessity 

for all nations. 

8.3. Final Reflections: The Quantum AI Mandate 
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The QAI era represents the next great maturation of human 

civilization. Just as the scientific revolution forced us to rethink our 

place in the physical universe, the quantum revolution forces us to 

rethink our place in the web of meaning and relationship. We are no 

longer merely users of tools; we are co-creators of complex, 

entangled systems that have the potential to either amplify our 

wisdom or accelerate our fragility. 

The mandate for the coming decades is clear: we must ensure that 

our ethical wisdom evolves in tandem with our technological 

intelligence. This requires us to embrace a "symbiotic" perspective 

where the development of QAI and the flourishing of human dignity 

are seen as mutually reinforcing. It requires the humility to 

acknowledge that our most advanced machines are ultimately 

reflections of our own values, prejudices, and aspirations. 

In conclusion, the "Ethics of Entanglement" is not merely a 

theoretical framework; it is an invitation to recognize our shared 

vulnerability and our shared potential. Whether QAI becomes the 

key to unlocking a more equitable, prosperous, and sustainable 

future or a "Pandora’s box" of systemic volatility depends on the 

foundations we lay today. By fostering a deep, cross-cultural, and 

systemically aware dialogue, we can ensure that this powerful 

intelligence acts as a catalyst for human flourishing, guiding us 

toward a horizon where technology and humanity do not just 

coexist, but truly thrive in resonance. 
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