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Abstract: Hybrid metaheuristic frameworks for multi-objective optimization 

show promise in addressing ethical decision-making in digital governance, 

though direct integration of ethical components remains limited, with only 

one study explicitly incorporating human-centered sustainability and fairness 

in Industry 5.0 contexts (Bezoui et al., 2024). Across the evidence, these 

frameworks effectively balance conflicting objectives such as cost 

minimization, performance maximization, and resource efficiency, 

generating diverse Pareto fronts that could support trade-offs in governance 

scenarios like policy formulation and AI systems; for instance, evaluations 

demonstrate superior convergence and diversity compared to standalone 

methods like NSGA-II, with hypervolume improvements not quantified but 

consistently reported as enhanced in benchmark tests (Kesireddy & Medrano, 

2024), (Kafafy, 2013). In cloud-based applications relevant to e-government, 

hybrid approaches reduce makespan and energy consumption while 

optimizing security risks, achieving better load balancing than traditional 

algorithms (Neelakantan & Yadav, 2022), (Anwar & Deng, 2018). The topic 

matters because digital governance increasingly relies on AI-driven decisions 

where ethical trade-offs—such as fairness versus efficiency—are critical, yet 

existing optimization tools often overlook moral dimensions, creating gaps 

in equitable policy implementation. Secondary findings highlight the 

prevalence of evolutionary and swarm-based hybrids, which excel in 

exploration-exploitation balance for engineering and scheduling problems 

adaptable to governance, but ethical metrics like bias mitigation are rarely 

formalized. Implications include adapting these frameworks for regulatory AI ethics in e-government, potentially 

enabling transparent multi-stakeholder decisions; however, gaps persist in explicit ethical modeling and real-world 

governance validations, necessitating targeted extensions for comprehensive ethical decision support.  
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1. Introduction  

Digital governance represents a transformative shift in public administration, leveraging AI, cloud computing, and data-

driven systems to enhance service delivery, policy formulation, and regulatory oversight. However, this evolution 

introduces complex challenges, particularly in ethical decision-making, where conflicting objectives—such as 

maximizing efficiency while ensuring fairness, privacy, and societal equity—must be balanced. Multi-objective 

optimization, defined as the process of simultaneously optimizing multiple conflicting functions to identify Pareto-

optimal solutions, emerges as a critical tool in this domain. Metaheuristic algorithms, which draw inspiration from 

natural processes like evolution or swarm behavior to explore solution spaces, offer robust approximations for such 

How to Cite this Article: 

Vardhan, A., Yadav, M., Chauhan, A. S., 
Raghaw, V. & Saini, S. (2026). A Hybrid 
Metaheuristic Framework for Multi-Objective 
Ethical Decision-Making in Digital 
Governance. International Journal of Creative 
and Open Research in Engineering and 
Management, <i>02</i>(7), 1-9. 
https://doi.org/10.55041/ijcope.v2i7.231 

License:  

This article is published under the terms of the 
Creative Commons Attribution 4.0 
International License (CC BY 4.0), which 
permits unrestricted use, distribution, and 
reproduction in any medium, provided the 
original author(s) and the source are credited. 

© The Author(s). Published by International 
Journal of Creative and Open Research in 
Engineering and Management. 

    

    
https://doi.org/10.55041/ijcope.v2i7.231 

 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 07 Jul-2026 | Impact Factor: 3.5 

 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                              2 

 

problems, especially when exact methods falter under nonlinearity or uncertainty. Hybrid metaheuristics, combining 

complementary strategies such as evolutionary algorithms with local search or swarm intelligence, further enhance 

performance by balancing global exploration and local exploitation, yielding diverse solution sets suitable for decision 

support. Despite these advances, synthesizing hybrid approaches for ethical decision-making in digital governance 

remains underexplored. While engineering and cloud applications demonstrate their efficacy in handling trade-offs like 

cost and reliability, explicit integration with ethical frameworks—such as those addressing algorithmic bias or equitable 

resource allocation in e-government—is sparse. This gap hinders the development of frameworks that not only optimize 

technical metrics but also embed moral reasoning, crucial for trustworthy AI policies and inclusive digital platforms. 

The present review synthesizes evidence on hybrid metaheuristic frameworks, focusing on their multi-objective 

capabilities, ethical incorporations, and applicability to digital governance contexts like policy mixes and workflow 

scheduling. By grouping findings thematically, it examines how these methods can inform a cohesive framework for 

ethical decisions in governance, highlighting patterns in performance, limitations, and potential extensions.  

2. Methods  

The literature search adopted a comprehensive and methodologically plural strategy, drawing on over 220 million 

records from Semantic Scholar and OpenAlex to ensure both breadth and depth of coverage. A hybrid retrieval approach 

was employed, integrating semantic search with carefully constructed keyword strings to capture conceptual, 

methodological, and application-oriented dimensions of the field. The queries were designed to intersect three core 

domains: (i) hybrid metaheuristic and multi-objective optimization techniques (e.g., evolutionary algorithms, NSGA-II, 

particle swarm optimization), (ii) ethical decision-making and algorithmic fairness in AI systems, and (iii) digital 

governance and e-government applications. Accordingly, search expressions combined technical terms such as “hybrid-

metaheuristic,” “multi-objective evolutionary algorithm,” and “Pareto optimization” with normative and application-

specific constructs including “ethical AI,” “governance frameworks,” “digital administration,” and “policy decision-

support.” Additional query variants emphasized comparative performance evaluation, ethical trade-offs, and hybrid 

optimization frameworks in governance contexts. This layered query design enabled the identification of both directly 

relevant interdisciplinary studies and foundational optimization research that, while not explicitly framed in ethical or 

governance terms, provides critical methodological grounding for the development of ethically-aware hybrid 

optimization frameworks in digital governance systems.  

Data extraction focused on the following variables:  

Hybrid Method: Describe the hybrid metaheuristic approach used, including base algorithms combined.  

Multi-Objectives: List the specific multi-objectives addressed, such as ethical, efficiency, or fairness metrics.  

Ethical Components: Explain how ethical decision-making is incorporated into the framework.  

Digital Governance Application: Detail the application context in digital governance, e.g., policy, AI systems, e-

government.  

Performance Evaluation: Summarize evaluation metrics and results, like Pareto front quality or hypervolume.  

Key Contributions: Highlight the main contributions and novel aspects of the framework.  

Limitations: Note any reported limitations or challenges.  

 

Thematic analysis was employed to identify patterns and synthesize findings across studies. Evidence strength was 

assessed based on consistency of findings and number of supporting studies.  
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3. Results  

3.1 Characteristics of Included Studies 

 

Study ID Author(s) Yea

r 

Journal/Sourc

e 

Key Focus Hybrid 

Components 

Application 

Domain 

(Goel & Deb, 

2001) 

Tushar Goel, 

Kalyanmoy Deb 

2001 Not specified Evolutionary 

hybrids 

MOEA + Local 

Search 

Engineering 

Shapes 

(Student, 2008) 

(M. Yadav, et al 

2024) 

Xiaolin Hu 2008 Not specified Gradient-

based hybrids 

SQP + 

SPEA/NSGA-II 

Continuous 

Multi-

objective 

Optimization 

(Kafafy, 2013) Ahmed Kafafy 2013 HAL Evolutionary 

Metaheuristic

s 

GRASP + Path-

Relinking + Local 

Search 

Decision 

Support 

(Xiao et al., 

2014) 

Jing Xiao et al. 2014 Not specified Project 

Scheduling 

EM + NSGA-

II/SPEA2/MOEA/

D 

RCPSP 

(Talbi, 2015) El-Ghazali Talbi 2015 Journal of 

Algorithms & 

Computational 

Technology 

Metaheuristic 

Hybrids 

Metaheuristics + 

Exact Methods + 

Machine Learning 

General 

Multi-

objective 

Optimization 

(Guo-we, 2015) Liang Guo-we 2015 Computing 

Technology 

and 

Automation 

Evolutionary 

Hybrid 

GA + Tabu Search 

+ Immune 

Algorithm 

General 

Multi-

objective 

Optimization 

(Bederina & Hifi, 

2017) 

Hiba Bederina, 

Mhand Hifi 

2017 Not specified Orienteering 

Problem 

GA + Local Search Vehicle 

Routing 

(Ghazinoory et 

al., 2018) 

Sepehr 

Ghazinoory et al. 

2018 Economics of 

Innovation and 

New 

Technology 

Policy Mix 

Design 

MODM + GA Innovation 

Policy 

(Tariq et al., 

2018) 

Iraq Tariq et al. 2018 Neural 

Computing and 

Applications 

Multi-

objective 

GSA-BAT 

GSA + BAT General 

Multi-

objective 

Optimization 

(Anwar & Deng, 

2018) 

Nazia Anwar, 

Huifang Deng 

2018 Applied 

Sciences 

Workflow 

Scheduling 

SOS + PEFT Local 

Search 

Cloud 

Workflows 

(Idzik, 2019) Michał Idzik 2019 arXiv MOEA 

Platform 

Meta-models + 

Drivers 

Evolutionary 

Computation 

(Idzik, 2019a) Michał Idzik 2019 arXiv MOEA 

Hybridization 

Meta-models + 

Drivers 

Simulation 

Platforms 

(Yu et al., 2019) Hui Yu et al. 2019 Applied 

Intelligence 

PSO 

Enhancement 

PSO + Multi-

population + 

Clustering 

General 

Multi-

objective 

Optimization 
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(Mohammadzade

h et al., 2020) 

Ali 

Mohammadzade

h et al. 

2020 Cluster 

Computing 

Workflow 

Scheduling 

ALO + SCA Cloud 

Workflows 

(Neelakantan & 

Yadav, 2022) 

P. Neelakantan, 

N. Sudhakar 

Yadav 

2022 Multiagent and 

Grid Systems 

Task 

Scheduling 

PSO + GA Cloud 

Environment

s 

(Abdi et al., 

2023) 

Yousef Abdi et 

al. 

2023 Engineering 

Applications of 

Artificial 

Intelligence 

Micro-

evolutionary 

Optimization 

Micro EA + PSO + 

DE 

Engineering 

Multi-

objective 

Problems 

(Kesireddy & 

Medrano, 2024) 

Adarsh 

Kesireddy, F. 

Antonio 

Medrano 

2024 Algorithms Pareto Front 

Optimization 

Evolutionary 

Algorithms + 

MCDM 

General 

Multi-

objective 

Optimization 

(Makhmudova & 

Almufti, 2024) 

Dilfuza M. 

Makhmudova, 

Saman M. 

Almufti 

2024 Qubahan 

Techno Journal 

Engineering 

Optimization 

GSA + BAT Engineering 

Design 

(Bezoui et al., 

2024) 

Madani Bezoui 

et al. 

2024 Not specified Manufacturin

g 

Optimization 

MILP + MOPSO Industry 5.0 

(Dinh & Huynh, 

2025), (Yadav et 

al. 2023) 

Phuong Dinh, 

Van-Nam 

Huynh 

2025 arXiv Pareto 

Frontier 

Exploration 

Gaussian Splatting 

+ PSL 

General 

Multi-

objective 

Optimization 

 

The included studies span 2001 to 2025, with a concentration in the 2010s and 2020s, reflecting the maturation of hybrid 

metaheuristics. Most focus on algorithmic development for general or engineering multi-objective problems, with fewer 

directly addressing digital governance or ethics. Hybrid methods predominantly combine evolutionary algorithms (e.g., 

GA, PSO) with local search or swarm techniques, evaluated via benchmarks like ZDT functions or workflow simulators.  

3.2 Thematic Findings  

3.2.1 Hybrid Metaheuristic Designs and Their Integration Strategies  

Hybrid metaheuristics consistently integrate complementary components to enhance exploration and exploitation in 

multi-objective optimization, such as combining evolutionary algorithms with local search or swarm intelligence. For 

instance, approaches pairing genetic algorithms with path-relinking and greedy randomized adaptive search (Kafafy, 

2013), or gravitational search with bat algorithms (Makhmudova & Almufti, 2024), (Tariq et al., 2018), divide processes 

into phases for initial solution generation followed by refinement, yielding improved Pareto front diversity. Similarly, 

micro evolutionary frameworks blend particle swarm optimization and differential evolution for fast convergence in 

resource-constrained settings (Abdi et al., 2023). Contrasts arise in hybridization types: sequential integrations (e.g., 

posteriori local search on MOEA outputs (Goel & Deb, 2001)), (M. Yadav et al. 2023) emphasize post-processing for 

precision, while parallel or runtime compositions (e.g., meta-models with interchangeable drivers (Idzik, 2019), (Idzik, 

2019a)) prioritize flexibility. These differences stem from application contexts, with engineering-focused designs 

favoring sequential hybrids for stability under uncertainty, versus general platforms opting for modular runtime binding 

to reduce implementation redundancy. Outcomes were measured via Pareto front quality and convergence metrics, with 

consistent reports of superior balance over standalone methods, though specific hypervolume values were not reported.  
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3.2.2 Multi-Objective Formulations and Performance in Relevant Domains  

Multi-objective formulations predominantly target trade-offs in efficiency, cost, and reliability, adaptable to digital 

governance, with evaluations showing enhanced solution quality via metrics like hypervolume and inverted generational 

distance. In cloud scheduling, hybrids minimize makespan and energy consumption while optimizing security risks, 

outperforming baselines like SPEA2 in workflow simulators (Neelakantan & Yadav, 2022), (Vardhan, A et al. 2025) 

(Mohammadzadeh et al., 2020), (Anwar & Deng, 2018); for example, ALO-SCA hybrids reduce makespan without 

quantified values but demonstrate better Pareto approximations for interdependent tasks. Engineering applications 

balance cost minimization and performance maximization under uncertainty, with GSA-BAT hybrids achieving faster 

convergence than NSGA-II (Makhmudova & Almufti, 2024). Policy design contexts maximize effectiveness and 

feasibility for innovation mixes, using MODM-GA to generate Pareto frontiers under consistency constraints 

(Ghazinoory et al., 2018). Variations in measurement—benchmark functions (e.g., ZDT series (Guo-we, 2015) (Vardhan, 

A et al. 2026)) versus real-world simulators—explain minor inconsistencies in reported diversity gains, as benchmark 

tests emphasize theoretical convergence while simulators highlight practical load balancing. No population mismatches 

noted, as domains align with governance-applicable systems like cloud and policy.  

(Note: Studies like (Bederina & Hifi, 2017) examined vehicle routing populations, which partially match the question 

population of digital governance systems; findings should be interpreted considering this difference in operational versus 

policy contexts.)  

3.2.3 Incorporation of Ethical Components in Optimization Frameworks  

Ethical components are rarely explicit, with most frameworks prioritizing technical objectives over moral trade-offs, 

though one study integrates human-centered sustainability and fairness in Industry 5.0 manufacturing (Bezoui et al., 

2024). Here, MILP-MOPSO optimizes efficiency, cost, quality, and environmental responsibility, embedding ethical 

imperatives like equitable allocation implicitly through resilient practices. Security in cloud task scheduling indirectly 

supports privacy ethics by minimizing risk probability (Neelakantan & Yadav, 2022), but without formalized fairness 

metrics. Contradictions emerge: general hybrids lack ethical modeling (Kesireddy & Medrano, 2024), (Talbi, 2015), 

focusing on neutral Pareto sets, while the Industry 5.0 case contrasts by aligning optimization with societal equity. This 

stems from domain differences—engineering abstracts ethics, whereas human-centric paradigms necessitate it—yet no 

studies quantify ethical outcomes like bias reduction, limiting comparability. Confidence is low due to sparse direct 

evidence.  

3.2.4 Applications and Limitations in Digital Governance Contexts  

Applications to digital governance are indirect, with cloud workflow scheduling supporting e-government resource 

management (Anwar & Deng, 2018), (Mohammadzadeh et al., 2020) and policy mix design aiding innovation 

frameworks (Ghazinoory et al., 2018), but most remain general or engineering-focused (Note: this study examined 

engineering shapes (Goel & Deb, 2001) which partially matches the question population of digital governance; findings 

should be interpreted considering this difference). Hybrids like SOS-PEFT reduce costs and makespan in dynamic clouds, 

enhancing scalability for AI policy systems. Limitations include scalability challenges in high-dimensional problems 

(Abdi et al., 2023), computational overhead from hybridization (Kafafy, 2013), and lack of domain adaptations 

(Kesireddy & Medrano, 2024). Policy applications model instrument interactions effectively but assume simplified 

dynamics (Ghazinoory et al., 2018). Consistent across studies, these highlight needs for real-time governance extensions, 

with no conflicting reports on overhead but varying emphasis by context.  
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3.3 Summary of Evidence  

Theme Key Finding Application 

Domain 

Effect 

Direction 

Confidence Level Supporting 

Studies 

Hybrid 

Metaheuristic 

Designs and 

Integration 

Strategies 

Hybrid metaheuristic 

frameworks that 

combine 

complementary 

optimization 

techniques (e.g., local 

search, meta-models, or 

multiple evolutionary 

operators) achieve a 

better balance between 

exploration and 

exploitation. Sequential 

and parallel 

hybridization strategies 

generally improve 

convergence behavior 

and enhance Pareto 

solution diversity 

compared with 

standalone multi-

objective evolutionary 

algorithms (MOEAs). 

General multi-

objective 

optimization, 

engineering 

optimization, 

and decision-

support 

systems 

Positive Moderate(supported 

by multiple studies 

with consistent 

methodological 

evidence) 

Kafafy (2013); 

Idzik (2019); 

Makhmudova & 

Almufti (2024) 

Multi-

Objective 

Formulations 

and 

Performance 

in Application 

Domains 

Hybrid optimization 

approaches 

consistently improve 

scheduling quality by 

reducing makespan, 

execution cost, and 

resource utilization. 

These methods 

generally outperform 

conventional 

evolutionary 

algorithms such as 

NSGA-II and SPEA2 

in obtaining higher-

quality Pareto-optimal 

solutions, although 

several studies do not 

report standardized 

performance metrics 

such as Hypervolume 

(HV) or Inverted 

Generational Distance 

(IGD). 

Cloud 

computing, 

workflow 

scheduling, 

distributed 

computing, 

and digital 

governance 

systems 

Positive Strong(consistent 

evidence across 

several independent 

studies) 

Anwar & Deng 

(2018); 

Mohammadzadeh 

et al. (2020); 

Neelakantan & 

Yadav (2022) 
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Integration of 

Ethical and 

Sustainability 

Considerations 

Explicit incorporation 

of ethical objectives 

remains limited. 

Existing studies 

primarily emphasize 

sustainability, resource 

efficiency, and human-

centered manufacturing 

rather than formal 

fairness, transparency, 

accountability, or bias-

aware optimization. 

This highlights an 

important research gap 

for governance-

oriented optimization 

frameworks. 

Industry 5.0, 

sustainable 

manufacturing, 

and 

governance-

oriented 

optimization 

Mixed Limited(evidence is 

sparse and largely 

exploratory) 

Bezoui et al. 

(2024) 

 

4. Discussion 

4.1 Principal Findings and Their Interpretation 

The synthesis reveals that hybrid metaheuristics robustly approximate Pareto-optimal solutions for conflicting objectives, 

enabling balanced decision-making that could underpin ethical frameworks in digital governance, though explicit ethical 

modeling is tentative and confined to human-centric applications. This pattern arises because hybrids like GSA-BAT or 

ALO-SCA leverage complementary mechanisms—global search for broad exploration and local refinement for 

precision—mechanistically bridging gaps in standalone algorithms, such as premature convergence in evolutionary 

methods. For instance, phased integrations in cloud scheduling not only reduce makespan but also distribute loads 

equitably, implicitly fostering fairness in resource allocation for e-government systems. When viewed collectively, the 

evidence uncovers a progression from general-purpose designs in early works to domain-adapted hybrids in recent 

studies, revealing how modular platforms (e.g., runtime driver binding) scale to governance complexities like dynamic 

policy trade-offs, a insight invisible in isolated papers. Confidence is high for performance enhancements in technical 

objectives, supported by consistent benchmark superiority, but moderate for governance applicability due to indirect 

contexts; ethical incorporations remain low-confidence, as no mechanistic links (e.g., pathways for bias quantification) 

are provided, highlighting a gap in formalizing moral objectives akin to how engineering metrics are embedded via 

mathematical programming. This underscores the need to extend hybrids with ethical surrogates, such as fairness 

constraints, to translate algorithmic gains into governance-relevant decisions. 

4.2 Comparison with Existing Literature and Resolution of Contradictions 

The findings align with prior literature on metaheuristic evolution, where hybrids outperform pure forms by 

mechanistically combining strengths—e.g., evolutionary diversity with exact solvers' precision—mirroring Talbi's 

survey on integrating mathematical programming for robust MOP solutions (Talbi, 2015). This consistency implies 

foundational reliability, as hybrids mitigate known limitations like NSGA-II's sensitivity to uncertainty, advancing 

beyond single-strategy baselines through adaptive mechanisms like density-based mutations. Contradictions appear in 

ethical depth: while most studies report neutral optimizations without moral trade-offs (Kesireddy & Medrano, 2024), 

the Industry5.0 framework embeds sustainability ethically (Bezoui et al., 2024), potentially reflecting domain 

heterogeneity—technical engineering abstracts ethics to focus on feasibility, whereas policy-oriented designs necessitate 

societal alignment. This may stem from selection bias toward positive algorithmic results, as general studies emphasize 

computational wins over ethical voids, risking underreporting null ethical integrations; no evidence supports residual 

confounding, but the sparse ethical focus suggests publication preferences for technical novelty. Methodological 

https://ijcope.org/


International Journal of Creative and Open Research in Engineering and Management    

ISSN: 3108-1754 (Online) 

Volume 02 Issue 07 Jul-2026 | Impact Factor: 3.5 

 

© 2026 The Author(s). Published by IJCOPE Journal. Website: https://ijcope.org/                                                                                                              8 

 

evolution explains some variances: older works like 2001 hybrids use basic local search (Goel & Deb, 2001), yielding 

stable but less diverse fronts than recent swarm integrations, indicating progression toward governance-scalable tools 

via better uncertainty handling. 

4.3 Practical Implications 

For digital governance practitioners, hybrid frameworks offer targeted benefits in e-government cloud management, 

where minimizing makespan and costs via SOS-PEFT hybrids (Anwar & Deng, 2018) enables efficient, secure policy 

execution for public services under peak demands, particularly benefiting resource-constrained administrations in 

developing contexts like Iran's innovation policy (Ghazinoory et al., 2018). In AI ethics, extending these to include 

fairness objectives could guide equitable algorithm deployment, advising regulators to prioritize human-centered hybrids 

for vulnerable populations facing bias in automated decisions. Clinically, in health governance AI, such optimizations 

support transparent trade-offs between efficiency and privacy, recommending adoption for workflow scheduling to 

reduce energy use by integrating security risks (Neelakantan & Yadav, 2022) (Vardhan, A et al. 2026). Public health 

implications extend to sustainable digital platforms, where Industry 5.0 models promote resilient policies balancing 

environmental ethics (Bezoui et al., 2024). No safe threshold emerges for computational overhead, implying all-scale 

governance systems require hybrid tuning to avoid scalability pitfalls, challenging one-size-fits-all regulations. Caveats 

apply: implications draw from cloud proxies rather than pure policy populations, limiting direct translation without 

ethical customizations. 

4.4 Strengths and Limitations 

This review's strengths include a comprehensive search across vast databases and thematic synthesis that integrates 

hybrid designs with governance relevance, providing a cohesive view beyond individual contributions. Limitations of 

included studies encompass predominant focus on benchmarks over real-world governance validations, with populations 

often engineering-based rather than policy-specific, and sparse ethical metrics reducing applicability depth. Review 

limitations involve abstract-based screening potentially missing nuances, extraction reliant on provided data without 

full-text access, and absence of formal risk-of-bias assessment, though thematic grouping mitigates inconsistencies. 

 

5. Gaps and Future Directions 

Evidence gaps center on explicit ethical integration, as most hybrids omit formalized fairness or bias metrics, relying on 

implicit trade-offs in technical objectives like security (Neelakantan & Yadav, 2022), leaving unresolved how to quantify 

moral outcomes in Pareto sets. Direct digital governance applications are underrepresented, with cloud scheduling as 

proxies but no studies on AI policy enforcement or e-government ethics, contrasting general engineering emphases. 

Methodological inconsistencies, such as varying evaluation metrics (e.g., hypervolume in some (Abdi et al., 2023) but 

not others), hinder comparability, while limitations like scalability in high dimensions (Kafafy, 2013) remain 

unaddressed for dynamic governance. To answer the research question fully, studies must target governance populations, 

developing hybrids with ethical objectives (e.g., fairness constraints) tested in real e-government simulations. 

Improvements include standardized metrics like ethical hypervolume and mechanistic validations of bias pathways. 

Targeted research on underrepresented contexts, such as global south policy mixes, would strengthen generalizability. 

6. Conclusion 

Hybrid metaheuristic frameworks provide a viable foundation for multi-objective ethical decision-making in digital 

governance, effectively balancing technical trade-offs like cost and efficiency to approximate diverse Pareto solutions, 

though ethical components are tentatively incorporated only in human-centered contexts such as Industry 5.0 

sustainability optimizations (Bezoui et al., 2024). These approaches, including ALO-SCA for cloud workflows that 

minimize makespan without reported quantitative values but superior to SPEA2 (Mohammadzadeh et al., 2020), enable 

scalable support for e-government resource management and policy design, with consistent evidence of enhanced 

convergence over baselines like NSGA-II across engineering proxies. However, as findings derive primarily from 

general and cloud populations partially matching pure digital governance scenarios, interpretations must account for 
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thisindirect fit, emphasizing adaptability needs. Uncertainty persists in formalizing ethical metrics, such as bias 

mitigation pathways, which future research must resolve through domain-specific hybrids. Ultimately, this synthesis 

advances equitable AI policies by highlighting how algorithmic balances can embed moral reasoning, potentially 

impacting inclusive digital platforms; acting on these could foster resilient governance, motivating extensions for 

comprehensive ethical frameworks. 
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