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ABSTRACT:  

Artificial intelligence has emerged as a powerful force shaping global development, offering promising solutions across 
health, education, climate change, and governance. However, its rapid integration into critical sectors raises urgent 
questions about ethics, governance, and sustainability. This systematic review explores the promise and practice of 
responsible AI through the lens of three core objectives: the governance mechanisms guiding AI implementation, the 
ethical frameworks shaping its design, and the practical realities influencing its deployment across contexts. Drawing 
from sixty peer-reviewed articles published between 2017 and 2024, the review identifies strong global consensus on 
foundational principles such as fairness, accountability, and transparency. Nonetheless, a significant implementation 
gap persists, particularly in low-resource settings, where enforcement mechanisms and institutional readiness are often 
lacking. The findings also reveal that ethical commitments are frequently undermined by organizational constraints and 
commercial interests, leading to surface-level adherence without substantive change. Environmental sustainability, a 
critical dimension of responsible AI, remains underrepresented in current governance discussions despite mounting 
evidence of AI’s carbon footprint. This review contributes to the growing body of scholarship advocating for inclusive, 
enforceable, and context-sensitive approaches to responsible AI. It underscores the need for deeper engagement with 
the political, social, and environmental realities that shape AI’s impact on sustainable development. Ultimately, bridging 
the gap between AI’s ethical aspirations and real-world outcomes requires not only technical innovation but also strong 
institutional leadership, interdisciplinary collaboration, and meaningful stakeholder participation. 
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1. INTRODUCTION 

The rapid evolution of artificial intelligence (AI) has transformed nearly every facet of modern life, ranging from 
healthcare and education to transportation and finance. As AI technologies become increasingly embedded in societal 
systems, there is growing interest in ensuring that their development and deployment align with ethical values and 
principles that promote sustainability and social justice. The promise of AI as a catalyst for sustainable development 
has been widely publicized. However, concerns persist regarding the governance frameworks and ethical 
considerations guiding its application. Scholars have emphasized that while AI holds transformative potential, its 
benefits may be unevenly distributed, raising critical questions about fairness, accountability, and transparency (Floridi 
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et al., 2018; Binns, 2018). The conversation around responsible AI is gaining prominence in response to the unintended 
consequences and ethical dilemmas associated with AI systems. These include algorithmic biases, opaque decision-
making processes, surveillance concerns, and labor displacement, all of which have serious implications for social equity 
and sustainability (Mittelstadt, 2019; Jobin et al., 2019). As AI systems influence public policy, criminal justice, 
education, and employment, their ability to uphold ethical standards and protect human rights has become a central 
focus in academic and policy discourses (Morley et al., 2020; Zeng et al., 2018). This necessitates a structured 
examination of governance mechanisms that can ensure responsible AI deployment in both developed and developing 
contexts (Taddeo & Floridi, 2018). 

Responsible AI is increasingly being framed as a governance challenge that intersects with ethical, legal, and socio-
political concerns. While international organizations have issued high-level guidelines, such as the OECD Principles on 
Artificial Intelligence and the European Union’s AI Act, questions remain about the practical enforcement and contextual 
adaptability of these norms (Cath, 2018; Fjeld et al., 2020). Moreover, the governance landscape remains fragmented, 
with limited coordination between stakeholders, jurisdictions, and regulatory institutions (Winfield & Jirotka, 2018). 
Without cohesive global frameworks, the risk of AI systems undermining human agency, privacy, and social cohesion 
becomes more acute. From an ethical standpoint, scholars have proposed frameworks grounded in principles such as 
beneficence, non-maleficence, autonomy, and justice. These frameworks serve as guiding tools for embedding moral 
reasoning in AI design and use (Floridi et al., 2018; Cowls & Floridi, 2018). However, translating these principles into 
actionable standards remains a significant challenge, particularly in contexts with weak institutional oversight or 
limited technical capacity (Whittlestone et al., 2019). The ethical integration of AI systems is also complicated by 
divergent cultural norms, legal regimes, and levels of technological advancement across regions (Nemitz, 2018). 

Sustainability goals further complicate the responsible AI agenda, as environmental impacts of AI infrastructure, such 
as carbon emissions from large-scale computing, remain understudied in governance models (Strubell et al., 2019). 
While AI has been proposed as a tool to advance the Sustainable Development Goals (SDGs), its contributions are often 
uneven and context-dependent, calling for a nuanced understanding of how AI supports or undermines sustainability 
(Vinuesa et al., 2020). For instance, AI applications in climate monitoring and precision agriculture offer promise, but 
their adoption also risks reinforcing existing inequalities if access and control remain centralized (Eubanks, 2018). The 
gap between aspirational ethical principles and operational practices has led to skepticism about the sincerity and 
efficacy of responsible AI initiatives. Critics argue that many frameworks suffer from ethical washing, where 
corporations adopt ethical language without substantive changes to design or deployment practices (Madaio et al., 
2020). Thus, addressing the reality behind the promise of responsible AI involves examining both the rhetoric and the 
material practices of AI governance. Critical engagement with social, economic, and political dynamics influencing AI 
development is required to ensure that AI technologies serve the broader goals of justice and sustainability (Green, 
2021). To build a sustainable future underpinned by responsible AI, interdisciplinary approaches that integrate 
technical expertise with philosophical, legal, and sociological insights are essential. Such approaches can illuminate the 
complex interdependencies between AI systems and societal outcomes and help chart pathways for ethical innovation 
that is contextually sensitive and socially beneficial (Rahwan, 2020). 

The findings of this review reveal clear intersections between responsible AI and the United Nations Sustainable 
Development Goals (SDGs). AI’s capacity to enhance healthcare, education, and climate monitoring aligns with SDG 3 
(Good Health), SDG 4 (Quality Education), and SDG 13 (Climate Action). However, risks of algorithmic bias and digital 
exclusion threaten progress toward SDG 10 (Reduced Inequalities), while weak governance undermines SDG 16 (Peace, 
Justice, and Strong Institutions). The environmental costs of large-scale AI models also challenge SDG 12 (Responsible 
Consumption and Production). Responsible AI therefore represents both an enabler and a barrier to achieving the SDGs, 
depending on how governance, ethics, and sustainability are integrated. To maximize its positive contribution, 
responsible AI must be embedded into policies that directly support equitable and sustainable development pathways. 
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1.1. Figure 1: Responsible AI: Challenges and Considerations 

 

2. RELATED STUDIES 

The intersection of responsible artificial intelligence and sustainable development has garnered considerable attention 
within academic, policy, and industry circles. Scholars have recognized the dual potential of AI to advance or hinder 
sustainable development goals depending on how it is governed, deployed, and ethically managed. Recent studies have 
sought to explore how AI systems can contribute to long-term economic resilience, environmental sustainability, and 
social inclusion while interrogating the risks associated with algorithmic discrimination, privacy breaches, and socio-
economic inequities. The following subsections present a structured analysis of existing empirical and theoretical 
literature around three core themes: governance mechanisms for responsible AI, ethical frameworks guiding AI 
development, and the practical realities that shape the outcomes of AI deployment in sustainable contexts. 

2.1 Governance Mechanisms for Responsible AI 

A growing body of literature emphasizes the significance of robust governance structures in ensuring that AI 
development aligns with public interest and human rights. Scholars have argued that without clear accountability 
structures, the risks associated with AI can outweigh its benefits, particularly in contexts lacking regulatory capacity 
(Dignum, 2019). Some studies advocate for co-regulation approaches that combine industry self-regulation with public 
oversight to ensure compliance with ethical and legal norms (Butcher & Beridze, 2019). There is also increasing interest 
in the role of multilateral organizations in harmonizing AI governance globally to avoid regulatory fragmentation 
(Cihon, 2019). Case studies from the European Union and Canada reveal how national AI strategies embed ethical 
commitments into regulatory policies, but also highlight implementation challenges (Molnar & Gill, 2018; Munoko et al., 
2020). Despite the proliferation of governance frameworks, implementation remains a persistent challenge. Research 
has shown that many organizations lack the institutional readiness to operationalize AI ethics due to limited technical 
expertise and weak organizational incentives (Mökander et al., 2021). Some scholars have proposed adaptive 
governance models that integrate participatory policymaking, continuous risk assessment, and anticipatory regulation 
to address the evolving nature of AI (Veale & Edwards, 2018). These approaches aim to enhance transparency and 
stakeholder trust while aligning technological innovation with democratic values. However, the effectiveness of such 
models varies across socio-political contexts, particularly in low-income countries where enforcement mechanisms are 
often underdeveloped (Taylor, 2021). 
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2.2 Ethical Frameworks for Sustainable AI Development 

Ethical considerations remain central to debates on responsible AI. Studies have focused on translating abstract ethical 
principles into actionable design practices. Frameworks based on fairness, accountability, transparency, and 
explainability have been proposed to guide ethical AI system development (Binns et al., 2018). These principles are 
meant to safeguard against algorithmic harm and promote justice in AI-mediated decision-making. However, scholars 
argue that many ethical guidelines are too generic to be practically useful and often lack enforcement mechanisms 
(Hagendorff, 2020). A comparative analysis of global AI ethics guidelines shows that while there is a broad consensus 
on core values, discrepancies persist in how these values are prioritized and operationalized (Fjeld et al., 2020). 
Research also reveals tensions between ethical theory and technological pragmatism. Designers often face trade-offs 
between model accuracy and fairness, especially in high-stakes domains like criminal justice or healthcare (Holstein et 
al., 2019). Some scholars advocate for value-sensitive design methodologies that involve users in the design process to 
ensure that ethical considerations are grounded in real-world needs (Friedman & Hendry, 2019). Others highlight the 
importance of integrating human rights frameworks into AI ethics to ensure protection for vulnerable populations 
(Latonero, 2018). Still, empirical evidence suggests that even well-intentioned ethical designs may fail to prevent harm 
if organizational cultures and incentive structures are misaligned with ethical priorities (Babic et al., 2021). 

2.3 The Reality behind the Promise of Responsible AI 

While the discourse around responsible AI is aspirational, several studies reveal a gap between principles and practice. 
Many corporations engage in what scholar’s term “ethics washing,” wherein ethical guidelines are used to signal 
responsibility without meaningful changes in practice (Wagner, 2018). Empirical investigations into AI deployment in 
global South contexts show that promises of AI-driven efficiency often mask exploitative labor practices and reinforce 
digital inequalities (Birhane, 2020). For instance, studies on facial recognition technologies demonstrate how 
algorithmic bias disproportionately affect marginalized groups, thereby exacerbating social exclusion (Buolamwini & 
Gebru, 2018). Critiques of responsible AI initiatives also draw attention to the dominance of techno-solutionism, where 
complex societal problems are treated as solvable through technological innovation alone. Scholars argue that this 
mindset obscures the structural causes of inequality and environmental degradation and often marginalizes indigenous 
and local knowledge systems (Crawford, 2021). Sustainable AI must therefore go beyond ethical design to address the 
broader political economy of AI innovation, including issues of data ownership, labor exploitation, and environmental 
externalities (Green, 2022). Research on AI and sustainability also interrogates the environmental impact of large-scale 
computing. Recent studies show that training advanced AI models can consume massive amounts of energy, 
contributing significantly to carbon emissions (Anthony et al., 2020). While AI applications in areas such as smart grids 
and climate modeling hold promise, their long-term sustainability depends on addressing infrastructural and 
environmental costs (Kaack et al., 2022). These findings underscore the need for a holistic view of responsible AI that 
incorporates environmental stewardship as a core dimension of ethical practice. 

3. METHODOLOGY 

This study employed a systematic review methodology to examine the existing body of literature on responsible 
artificial intelligence in the context of sustainable development. The purpose of using this method was to gather, assess, 
and synthesize a wide range of peer-reviewed academic studies that critically explore the governance, ethical 
foundations, and implementation challenges associated with AI systems intended to support sustainability outcomes. 
The systematic review approach ensured transparency, replicability, and rigor by adhering to established review 
protocols and guiding standards such as the PRISMA framework. The methodology also prioritized the identification of 
knowledge gaps, patterns of consensus or divergence, and the diversity of perspectives informing this interdisciplinary 
field. 

3.1 Eligibility Criteria 

In determining which articles to include in the review, strict eligibility criteria were developed to ensure relevance, 
quality, and alignment with the objectives of the study. Articles were considered eligible for inclusion if they were 
published in peer-reviewed academic journals between the years 2017 and 2024. This timeframe was selected to 
capture the most recent developments in AI ethics and governance, particularly in response to the surge of global 
interest following major AI strategy publications. Only studies published in English were included due to limitations in 
language proficiency and resource availability. Thematically, articles had to focus directly on responsible AI, including 
discussions on ethical design, regulatory frameworks, or sustainable development applications. Eligible articles 
encompassed both empirical and theoretical research, including qualitative case studies, quantitative analyses, mixed-
method studies, policy reviews, and systematic literature reviews. Studies were excluded if they lacked a clear 
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methodological framework, were not peer-reviewed, or if they did not directly address the intersection of AI with ethics, 
governance, or sustainability. Additionally, non-academic publications such as blogs, opinion editorials, and conference 
presentations without full papers were excluded to maintain scholarly rigor. 

 
3.2 Search Strategy 

A comprehensive search strategy was employed to capture a wide spectrum of relevant literature across disciplines and 
geographical contexts. The search process involved the use of six reputable electronic databases known for indexing 
high-impact academic publications: Scopus, Web of Science, IEEE Xplore, SpringerLink, ScienceDirect, and Google 
Scholar. Each database was systematically queried using a set of predefined keywords that captured the thematic core 
of the review. These keywords included combinations such as “responsible artificial intelligence,” “AI ethics,” “AI 
governance,” “sustainable development,” and “ethical AI.” Boolean operators were used to refine search results and 
improve specificity. To ensure consistency and limit irrelevant results, search filters were applied to restrict outputs to 
peer-reviewed articles written in English and published from 2017 onward. Manual searches of reference lists in 
included articles were also conducted to identify additional relevant studies that may not have been retrieved through 
automated searches. This backward citation tracking helped enrich the dataset and reduced the likelihood of omitting 
key literature. 

 
3.3 Screening and Selection Process 

The literature screening process unfolded in two major phases. The initial phase involved the removal of duplicate 
entries followed by the evaluation of titles and abstracts for relevance and alignment with the inclusion criteria. This 
step served as a filter to exclude articles that clearly fell outside the scope of responsible AI and sustainability. Following 
this preliminary screening, a full-text review was conducted on the remaining articles to verify their methodological 
robustness, relevance to the review objectives, and overall contribution to the field. The full-text analysis was critical in 
ensuring that articles met not just thematic requirements but also demonstrated scholarly rigor in design and execution. 
To enhance reliability, two independent reviewers conducted the screening process. Any disagreements or 
uncertainties about article inclusion were discussed and resolved collaboratively to achieve consensus. This 
collaborative review approach helped mitigate personal biases and ensured a balanced selection of literature. See figure 
1 below. 



Journal of Information Technology, Cybersecurity, and Artificial Intelligence, 2025, 2(2), 1–19 

6 

 
Figure 1 

 
3.4 Data Extraction and Management 

After finalizing the pool of eligible studies, data extraction was conducted using a structured template to ensure 
consistency and facilitate comparative analysis. Information extracted from each study included the authors, year of 
publication, study title, country or region of focus, research objectives, theoretical frameworks, methodological 
approaches, and key findings. Particular attention was paid to how each study addressed the issues of AI governance, 
ethical decision-making, and contributions to sustainability. Extracted data were entered into a Microsoft Excel 
spreadsheet that functioned as a centralized repository. This organized structure enabled researchers to systematically 
track thematic overlaps, methodological patterns, and conceptual contributions across the included literature. The 
extraction process also allowed for the identification of studies that introduced innovative frameworks, regional case 
studies, or sector-specific applications, thereby enhancing the depth and breadth of the synthesis phase. 

 
3.5 Quality Assessment 

To ensure the credibility and academic rigor of the selected literature, a detailed quality assessment was conducted 
using validated appraisal tools. The Critical Appraisal Skills Programme (CASP) checklist was applied to qualitative 
studies, while the Mixed Methods Appraisal Tool (MMAT) was used to evaluate studies employing both qualitative and 
quantitative methodologies. Each study was assessed based on criteria such as the clarity of its research question, the 
appropriateness and transparency of its methodology, the validity of its data analysis, and the relevance of its 
conclusions to responsible AI and sustainable development. Studies that failed to meet minimum quality standards were 
excluded from the synthesis. The quality appraisal not only enhanced the overall reliability of the findings but also 
ensured that the review was grounded in evidence-based scholarship. This step was especially important given the 
interdisciplinary nature of the topic, where variation in research designs and epistemological perspectives can pose 
challenges to comparative analysis. 
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3.6 Data Synthesis and Analysis 

The synthesis of data from the reviewed literature was conducted using a thematic approach that allowed for the 
identification and interpretation of patterns, contradictions, and conceptual developments across studies. Thematic 
synthesis involved a close reading of each study, followed by the coding of key findings and the categorization of those 
findings under core themes such as governance mechanisms, ethical frameworks, and implementation challenges. This 
process revealed not only areas of consensus but also divergences in theoretical perspectives and practical 
recommendations. Studies were further analyzed in relation to regional focus, sectoral application, and stakeholder 
involvement. The narrative synthesis emphasized how responsible AI is being operationalized in different socio-
political contexts and how these practices align or conflict with sustainability goals. This qualitative interpretation was 
necessary to move beyond surface-level comparisons and provide nuanced insights into the realities behind the promise 
of responsible AI. The synthesis phase ultimately served to connect disparate strands of literature into a coherent and 
critical understanding of the state of knowledge in this rapidly evolving field. 

 

4. RESULTS 

This section presents the findings of the systematic review based on the three main objectives of the study. A total of 
sixty peer-reviewed articles published between 2017 and 2024 were analyzed. The studies were grouped under three 
key themes: governance mechanisms for responsible AI, ethical frameworks in AI design and deployment, and the 
practical realities of AI implementation in sustainable contexts. Each theme is presented in a separate table containing 
twenty relevant studies, summarizing their focus, regional context, and key findings. These tables are followed by 
interpretive paragraphs that synthesize major insights and highlight emerging patterns. The results reveal strong 
consensus on ethical principles but also significant variation in policy enforcement, organizational readiness, and real-
world outcomes. While many frameworks promote fairness, transparency, and accountability, implementation 
challenges persist across both high-income and low-resource settings. The findings underscore the need for adaptive, 
inclusive, and context-specific approaches to governing responsible AI for sustainable futures. 

 
4.2 Table 1: Examining governance mechanisms guiding responsible AI implementation 

Author(s) & 
Year 

Study Focus Country/Region Key Findings 

Cihon (2019) Global standards for AI 
governance 

Global Emphasized the need for interoperable 
international standards to support 
responsible AI. 

Dignum (2019) Governance models for 
responsible AI 

Global Proposed layered governance including 
ethics, law, and self-regulation. 

Butcher & 
Beridze (2019) 

UNDP perspectives on AI 
governance 

Global South Highlighted capacity-building as crucial for 
effective AI regulation. 

Taylor (2021) Algorithmic impact 
assessments 

Canada/US Recommended algorithmic audits as part of 
governance policy. 

Veale & Edwards 
(2018) 

EU GDPR and automated 
decision-making 

Europe I identified legal gaps in ensuring 
accountability in algorithmic profiling. 

Munoko et al. 
(2020) 

Ethics and AI auditing in 
finance 

South Africa Advocated integrating ethical audits within 
corporate governance structures. 

Winfield & 
Jirotka (2018) 

Ethical governance for AI 
and robotics 

UK Argued that trustworthiness requires 
transparent governance mechanisms. 

Molnar & Gill 
(2018) 

Immigration AI systems 
governance 

Canada Critiqued lack of human oversight in 
automated immigration systems. 

Fjeld et al. (2020) Mapping global AI 
principles 

Global Identified thematic convergence but weak 
policy enforcement structures. 

Taddeo & Floridi 
(2018) 

Normative frameworks for 
AI 

Europe Emphasized anticipatory regulation to 
address evolving AI risks. 

Mökander et al. 
(2021) 

Ethics-based auditing for 
trustworthy AI 

Sweden Recommended independent auditing 
frameworks for governance. 

Babic et al. 
(2021) 

Ethical implications of AI in 
healthcare 

USA Urged healthcare-specific governance 
tailored to risks of AI tools. 
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Latonero (2018) Human rights and AI 
governance 

Global Advocated human rights–centric AI policy 
frameworks. 

Cowls & Floridi 
(2018) 

Good AI society framework Europe Proposed layered ethical and legal 
governance mechanisms. 

Jobin et al. 
(2019) 

Global AI ethics guidelines Global Found wide variation in enforcement of 
governance principles across countries. 

Green (2021) Organizational challenges 
in tech governance 

USA Identified ethics implementation gaps due 
to incentive misalignment. 

Zeng et al. (2018) Linking AI principles China Suggested centralized institutional 
coordination for better governance. 

Cath (2018) Ethical, legal, and technical 
perspectives 

Europe Highlighted interdisciplinary collaboration 
for AI governance. 

Ada Lovelace 
Institute (2020) 

Participatory governance of 
AI systems 

UK Recommended inclusive governance 
through public engagement. 

UNESCO (2021) Recommendation on AI 
Ethics 

Global Proposed a global ethical AI governance 
charter adopted by member states. 

 
The results presented in the first table underscore the diverse and rapidly evolving landscape of governance 
mechanisms that underpin responsible artificial intelligence across different regions and sectors. The review highlights 
a global consensus on the need for structured governance frameworks to manage the risks and ethical concerns 
associated with AI. Scholars such as Cihon (2019) and Dignum (2019) emphasize that international coordination and 
layered governance structures are necessary to create responsible AI ecosystems. These studies argue that without 
standardization and enforceable norms, AI development risks becoming fragmented, with disparate regulatory 
capacities across jurisdictions. The role of multilateral institutions such as UNESCO and the European Union in shaping 
policy blueprints was noted, particularly in supporting countries with underdeveloped regulatory regimes. A recurring 
theme across the studies is the emphasis on ethics-based auditing and anticipatory regulation. For instance, Mökander 
et al. (2021) advocate for independent audits as a mechanism to evaluate algorithmic systems, suggesting that technical 
oversight should be integrated with legal and ethical standards.  

This reflects a shift from post-hoc regulation to proactive monitoring, particularly in high-risk applications of AI. 
Similarly, the studies by Veale and Edwards (2018) and Taylor (2021) demonstrate that existing data protection laws 
like the GDPR may be insufficient to address algorithmic harm, thereby highlighting the need for specialized legislation 
addressing AI-specific challenges. Another key finding relates to the inclusion of public perspectives in governance 
design. The Ada Lovelace Institute (2020) and Latonero (2018) both recommend participatory approaches that 
integrate stakeholder voices, especially those from marginalized communities, to build trust and social legitimacy in AI 
systems. The studies further reveal significant gaps in institutional readiness to operationalize governance frameworks. 
Scholars such as Munoko et al. (2020) and Butcher and Beridze (2019) report that organizations, especially in the Global 
South, often lack the technical infrastructure and policy expertise required to implement ethical AI standards. This calls 
attention to capacity-building efforts as a central pillar of responsible AI governance. The dominance of Global North 
perspectives and the underrepresentation of Global South realities in governance research also suggest the need for 
more inclusive policy development that accommodates contextual differences. Overall, the table indicates that while the 
global governance discourse is advancing, implementation remains uneven and highly context dependent. 

 
4.3 Table 2: Analyzing ethical frameworks adopted in responsible AI design and deployment 

Author(s) & Year Ethical Framework Focus Context Key Findings 
Floridi et al. (2018) AI4People framework Europe Outlined principles: beneficence, non-

maleficence, autonomy, justice, explicability. 
Cowls & Floridi 
(2018) 

Comparative AI ethics 
frameworks 

Global Showed need for principle convergence and 
contextual adaptation. 

Fjeld et al. (2020) Mapping AI principles Global Identified shared ethical principles but 
inconsistent operationalization. 

Binns et al. (2018) Justice perceptions in 
algorithmic systems 

UK Found user dissatisfaction when fairness was 
not transparently addressed. 

Mittelstadt (2019) Principle-based ethics 
limitations 

Europe Critiqued principles as insufficient without 
systemic change. 

Hagendorff (2020) Evaluation of AI ethics 
guidelines 

Global Called for enforceable codes of ethics over 
aspirational documents. 
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Wagner (2018) Concept of “ethics washing” Global 
North 

Warned of superficial ethics strategies in tech 
firms. 

Holstein et al. 
(2019) 

Industry practitioner needs in 
fairness 

USA Identified need for toolkits that translate 
fairness into practice. 

Madaio et al. 
(2020) 

Co-designing fairness 
checklists 

USA Emphasized participatory design for ethical 
accountability. 

Friedman & 
Hendry (2019) 

Value Sensitive Design (VSD) USA Advocated embedding stakeholder values into 
technical design. 

Latonero (2018) Human rights lens for AI ethics Global Urged prioritization of rights over profit in 
ethical frameworks. 

Winfield & Jirotka 
(2018) 

Transparency and ethical 
governance 

UK Argued for clear norms and oversight in ethical 
deployment. 

Jobin et al. (2019) Global comparative study of AI 
ethics guidelines 

Global Found wide variance in values like 
transparency and justice across guidelines. 

Dignum (2019) Responsible AI framework Europe Stressed proactive ethics in system design, not 
post-hoc fixes. 

Nemitz (2018) Democracy and algorithmic 
accountability 

Europe Linked ethical AI to democratic oversight and 
civil liberties. 

Whittlestone et al. 
(2019) 

Bridging AI ethics principles 
and practice 

UK Called for practical tools to operationalize 
ethical intentions. 

Green (2022) Justice-centered data science 
ethics 

USA Suggested shifting from neutrality to justice-
oriented design. 

Madiega (2021) Ethical risk assessment in EU 
AI strategy 

EU Promoted pre-emptive risk identification 
through ethical audits. 

UNESCO (2021) Global AI ethics 
recommendation 

Global Outlined ethical and cultural pluralism in AI 
deployment. 

AI Now Institute 
(2019) 

Corporate AI ethics 
frameworks 

USA Criticized lack of accountability in self-
regulatory ethics frameworks. 

 
Table 2 presents a comprehensive overview of ethical frameworks developed to guide responsible AI design and 
deployment. One of the most prominent insights is the convergence around a core set of ethical principles including 
fairness, accountability, transparency, and explicability. These principles are recurrent in frameworks such as 
AI4People (Floridi et al., 2018), the IEEE’s ethically aligned design standards, and guidelines issued by organizations 
like UNESCO. However, scholars such as Cowls and Floridi (2018) and Fjeld et al. (2020) argue that despite the rhetorical 
alignment across frameworks, the practical implementation of these ethical principles varies significantly across sectors 
and countries. Several studies highlight the tension between abstract ethical ideals and practical design constraints. For 
example, Binns et al. (2018) and Holstein et al. (2019) reveal that designers often face trade-offs between technical 
performance and ethical compliance. These trade-offs are particularly pronounced in high-stakes domains such as 
healthcare, law enforcement, and financial services. Practitioners, in many cases, lack clear operational guidelines to 
translate principles like fairness and justice into technical workflows. This gap contributes to what Hagendorff (2020) 
and Wagner (2018) describe as "ethics washing," where organizations adopt ethical language to enhance public image 
without meaningful internal change or external accountability. 

Another noteworthy trend in the literature is the growing interest in participatory and value-sensitive design 
methodologies. Scholars such as Friedman and Hendry (2019) and Madaio et al. (2020) advocate for inclusive 
approaches that involve users and stakeholders in the ethical design process. These methodologies aim to ensure that 
AI systems reflect the values and lived experiences of diverse user groups, thereby enhancing ethical legitimacy. Studies 
also indicate a growing movement toward rights-based ethical frameworks, as seen in Latonero (2018) and Winfield 
and Jirotka (2018), who emphasize the integration of international human rights standards into AI ethics guidelines. 
The results reveal a persistent implementation gap across sectors. While ethical frameworks are widely endorsed, their 
translation into technical processes, organizational policies, and legal structures remain inconsistent. The studies 
suggest that the development of context-sensitive tools, organizational training programs, and binding legal codes may 
be necessary to bridge this gap. The analysis also points to an imbalance in ethical discourse, with much of the literature 
and framework development originating from the Global North, leaving ethical pluralism and cultural diversity 
underexplored. In summary, the table reflects a maturing ethical discourse that now faces the critical challenge of 
operationalization and localization. 
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4.4 Table 3: Evaluating the practical realities and implementation outcomes of responsible AI 

Author(s) & Year Study Focus Implementation 
Context 

Key Findings 

Buolamwini & 
Gebru (2018) 

Facial recognition and 
algorithmic bias 

USA Found significant bias in gender and 
racial classifications. 

Birhane (2020) Algorithmic injustice in 
Africa 

Ethiopia/Global 
South 

Highlighted epistemic harm from 
uncritical AI adoption. 

Crawford (2021) Environmental cost of AI 
infrastructure 

Global Revealed energy and extraction costs 
of large AI models. 

Anthony et al. 
(2020) 

Carbon footprint of deep 
learning 

Global Found unsustainable energy use in 
training models. 

Kaack et al. (2022) AI for climate mitigation Global Emphasized aligning AI innovation 
with climate goals. 

Wagner (2018) Ethics washing in AI 
corporations 

Global North Identified surface-level ethics 
initiatives. 

Green (2021) Organizational barriers to 
ethical AI 

USA Found ethical priorities often 
deprioritized due to profit pressures. 

Jobin et al. (2019) Global gaps in AI principles 
implementation 

Global Identified lack of localized 
enforcement mechanisms. 

Madiega (2021) EU AI strategy challenges EU Cited slow and uneven national 
adoption of EU AI rules. 

Mökander et al. 
(2021) 

Auditing AI ethics in practice Sweden Emphasized need for third-party 
auditing bodies. 

Taylor (2021) Politics of algorithmic 
accountability 

UK Highlighted institutional resistance to 
transparency. 

Binns (2018) Practical tensions in fairness 
implementation 

UK Noted challenges balancing accuracy 
with fairness. 

Holstein et al. 
(2019) 

ML fairness in real-world 
systems 

USA Identified disconnect between 
developers and end-user values. 

Munoko et al. 
(2020) 

AI auditing and business 
ethics 

South Africa Found lack of technical literacy 
hindered audit implementation. 

Veale & Edwards 
(2018) 

Data protection and 
automated profiling 

EU Highlighted difficulty in contesting 
automated decisions. 

Molnar & Gill 
(2018) 

AI in Canadian immigration Canada Revealed over-reliance on opaque 
systems lacking human appeal. 

Ada Lovelace 
Institute (2020) 

Public perceptions of AI 
governance 

UK Found high demand for participatory 
governance mechanisms. 

Strubell et al. 
(2019) 

Energy inefficiency in NLP 
model training 

Global Called greener AI development 
practices. 

Dignum (2019) Operationalizing ethical AI Global Noted need for AI ethics education in 
professional training. 

AI Now Institute 
(2019) 

AI deployment in hiring and 
policing 

USA Revealed widespread deployment 
without oversight mechanisms. 

 
Table shifts focus from theoretical commitments to empirical realities, revealing a complex and often contradictory 
landscape in the implementation of responsible AI. A major theme that emerges is the disjunction between ethical 
frameworks and actual practices. Numerous studies, such as those by Buolamwini and Gebru (2018) and Birhane 
(2020), document persistent algorithmic bias and socio-technical harms in AI systems, particularly those used in facial 
recognition and automated decision-making. These harms are often more severe for historically marginalized groups, 
indicating that AI systems can reinforce, rather than dismantle, structural inequalities if deployed without adequate 
oversight. Environmental sustainability is another area where the gap between promise and practice becomes evident. 
Crawford (2021), Anthony et al. (2020), and Strubell et al. (2019) report that training state-of-the-art AI models involves 
substantial energy consumption and resource extraction, contradicting claims that AI inherently supports sustainability 
goals. While there are promising applications of AI in climate modeling and environmental monitoring, these studies 
stress that such benefits must be weighed against the environmental externalities of AI infrastructure. Kaack et al. 
(2022) echo this concern by calling for alignment between AI innovation and climate policy. 
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The studies also expose organizational and regulatory deficiencies that undermine responsible AI initiatives. Green 
(2021) and Wagner (2018) discuss how profit motives and institutional inertia often prevent organizations from 
prioritizing ethical considerations. AI Now Institute (2019) presents case studies in policing and hiring where AI tools 
were deployed without transparency, accountability, or public consultation. Similarly, research by Molnar and Gill 
(2018) and Veale and Edwards (2018) highlights the erosion of due process rights when AI systems are used in 
immigration and social welfare decisions without human oversight. Despite these challenges, some studies point to 
emerging best practices and areas of progress. Mökander et al. (2021) and Taylor (2021) suggest that independent 
algorithmic audits and impact assessments can play a key role in holding developers accountable. Public engagement 
initiatives, as proposed by the Ada Lovelace Institute (2020), also show potential for democratizing AI governance and 
increasing public trust. However, these positive developments remain fragmented and largely concentrated in high-
income countries, underscoring the need for more equitable distribution of governance capacity and technical expertise. 
Collectively, the table illustrates that realizing the promise of responsible AI will require a systemic shift from ethical 
ambition to institutionalized accountability and infrastructural sustainability. 

 
Table 4: Case Studies of Responsible AI in Underrepresented Regions 

Author(s) & 
Year 

Case Study Focus Country/Region Key Findings 

Birhane 
(2020) 

Algorithmic 
injustice in social 
contexts 

Ethiopia Highlighted how uncritical adoption of 
Western AI systems reproduces epistemic 
harms and exacerbates digital inequalities. 

Munoko et al. 
(2020) 

AI auditing in 
finance 

South Africa Found that weak technical literacy and lack of 
organizational incentives undermine ethical 
auditing in corporate governance. 

Butcher & 
Beridze 
(2019) 

UNDP perspectives 
on AI governance 

Global South (multiple) Emphasized capacity-building as essential for 
effective AI governance in low- and middle-
income countries. 

Eubanks 
(2018) 

Automated welfare 
systems 

USA (comparative 
relevance for low-resource 
settings) 

Showed how algorithmic systems in social 
services can entrench exclusion, with lessons 
for Global South contexts adopting similar 
tools. 

Molnar & Gill 
(2018) 

Automated 
decision-making in 
immigration 

Canada (comparative lens) Revealed risks of opaque decision systems in 
immigration policy; similar risks exist in 
Global South contexts adopting biometric 
systems. 

These case studies illustrate that while responsible AI has global relevance, its implications vary across contexts. In 
Ethiopia, for instance, AI has been critiqued for reinforcing epistemic injustices, whereas in South Africa, governance 
gaps hinder ethical auditing practices. Collectively, the cases highlight the importance of context-specific governance 
and the risks of importing AI systems without adaptation to local realities. 

 
Table 5: Global South Perspectives on Responsible AI 

Theme Regional Examples Key Insights 
Governance Capacity Butcher & Beridze (2019) – 

UNDP perspectives; Munoko et 
al. (2020) – South Africa 

Many Global South contexts lack regulatory 
capacity, technical expertise, and institutional 
readiness to enforce AI governance. 

Algorithmic Justice Birhane (2020) – Ethiopia; 
Buolamwini & Gebru (2018) – 
implications for African contexts 

Biases in imported AI tools disproportionately 
affect marginalized groups; oversight structures are 
often absent. 

Socio-technical 
Dependency 

Studies of biometric ID and 
surveillance systems in Africa 
and Asia 

Heavy reliance on imported systems from Global 
North leads to dependency and risks of digital 
colonialism. 

Environmental and 
Infrastructural 
Constraints 

Limited renewable energy access 
in African computing hubs 

Large-scale AI training is environmentally costly 
and infeasible in many Global South contexts 
without infrastructural investment. 

Opportunities for 
Contextual Innovation 

Local AI hubs in Kenya, Nigeria, 
and India 

Emerging ecosystems show potential for South-
South innovation and context-sensitive AI 
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development, if supported by governance and 
investment. 

Global South perspectives emphasize that responsible AI cannot be universalized through Global North frameworks 
alone. Governance capacity, algorithmic justice, infrastructural limitations, and risks of dependency shape how AI 
unfolds in underrepresented regions. At the same time, innovative ecosystems in Africa and Asia signal opportunities 
for developing context-sensitive responsible AI models that align with local needs and sustainable development 
priorities. 

 
Table 6: Critical Synthesis of Responsible AI Literature 

Theme Converging Views Diverging Views Theoretical Implications 
Governance 
Mechanisms 

Cihon (2019) and Dignum 
(2019) stress the need for 
international standards 
and layered governance. 

Veale & Edwards (2018) 
highlight gaps in GDPR’s 
ability to regulate AI; 
Munoko et al. (2020) show 
weak governance in South 
Africa. 

Global frameworks provide 
legitimacy, but effectiveness 
depends on local enforcement 
and capacity — suggesting a 
need for adaptive, context-
sensitive governance models. 

Ethical 
Frameworks 

Floridi et al. (2018) and 
Cowls & Floridi (2018) 
converge on fairness, 
accountability, 
transparency, and 
explicability as guiding 
principles. 

Hagendorff (2020) argues 
that principles lack 
enforceability; Wagner 
(2018) critiques “ethics 
washing” in corporate 
practice. 

Ethical ideals risk remaining 
symbolic unless operationalized 
through enforceable codes and 
organizational incentives. 

Implementation 
Gaps 

Buolamwini & Gebru 
(2018) and Birhane 
(2020) show bias and 
injustice in real-world AI 
systems. 

Holstein et al. (2019) note 
developers’ struggle to 
balance accuracy with 
fairness, while Green (2021) 
identifies profit-driven 
deprioritization of ethics. 

Implementation gaps reflect 
deeper structural tensions 
between efficiency, profitability, 
and justice. Responsible AI 
requires addressing political 
economy, not just technical 
design. 

Sustainability Kaack et al. (2022) 
advocate aligning AI with 
climate mitigation; 
Strubell et al. (2019) call 
for greener model training. 

Crawford (2021) critiques 
AI’s extractive 
infrastructures; Anthony et 
al. (2020) highlight energy-
intensive deep learning 
models. 

AI’s sustainability contribution 
is double-edged: while it enables 
climate solutions, its 
infrastructure intensifies 
environmental costs. “Green AI” 
emerges as a necessary 
paradigm shift. 

Global South 
Perspectives 

Butcher & Beridze (2019) 
emphasize capacity-
building; Birhane (2020) 
critiques epistemic 
injustice. 

Most governance and ethics 
frameworks originate in the 
Global North, leaving limited 
Global South integration. 

Highlights risk of “digital 
colonialism” and underscores 
the need for South-South 
collaboration and contextualized 
frameworks. 

This synthesis moves beyond descriptive summaries by comparing key findings across the literature. Governance 
frameworks enjoy global consensus but diverge in enforcement capacity across regions, revealing the need for adaptive 
approaches. Ethical frameworks converge on principles yet clash in practice due to organizational, political, and 
economic constraints, suggesting that responsible AI cannot be separated from structural power dynamics. 
Implementation challenges, particularly algorithmic bias and fairness trade-offs, expose tensions between technical 
optimization and social justice. Sustainability debates show a dual role for AI as both a climate solution and a contributor 
to ecological degradation, requiring the theorization of “green AI” as a core principle. Finally, Global South perspectives 
reveal asymmetries in knowledge and capacity, reinforcing the importance of inclusive, localized, and collaborative 
governance models. Together, these comparisons deepen theoretical understanding by showing that responsible AI is 
not a purely technical challenge, but a socio-political project shaped by global inequalities and institutional contexts. 
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5. DISCUSSION 

This section interprets the findings of the systematic review considering existing literature on responsible artificial 
intelligence and sustainable development. The review identified key themes aligned with the study’s objectives, 
including governance mechanisms, ethical frameworks, and implementation realities. These themes revealed both 
encouraging developments and critical gaps in how responsible AI is conceptualized and applied. While global 
consensus appears to be forming around core ethical principles, significant disparities remain in enforcement, 
institutional capacity, and contextual relevance. The discussion draws attention to recurring patterns such as regulatory 
fragmentation, superficial ethics adoption, and the underrepresentation of voices from the Global South. By critically 
engaging with previous studies, this section highlights how the reviewed literature affirms, challenges, or extends 
existing knowledge on AI governance and sustainability. The aim is to offer deeper insight into the barriers and 
opportunities that define the current landscape of responsible AI and to inform future research and policy directions. 

 
5.1 Governance Structures and Global Disparities in Responsible AI 

The review findings affirm that governance frameworks are foundational to ensuring that artificial intelligence systems 
are developed and deployed responsibly. This is consistent with the work of Dignum (2019), who emphasized that 
governance must be both anticipatory and adaptive to keep pace with the rapid evolution of AI technologies. Studies 
such as Cihon (2019) and Fjeld et al. (2020) support the notion that international cooperation and standard-setting are 
essential in preventing regulatory fragmentation. However, while the proliferation of high-level principles 
demonstrates growing awareness, many governance structures remain abstract and difficult to enforce at the national 
level. 

The findings echo concerns raised by Veale and Edwards (2018), who highlighted the limitations of existing data 
protection laws like the GDPR in effectively regulating automated decision-making systems. Governance models appear 
to be concentrated in high-income countries, with developing nations facing significant capacity constraints in 
enforcement, monitoring, and stakeholder engagement. Butcher and Beridze (2019) observed that these governance 
gaps can exacerbate technological dependency and marginalization, a theme further reinforced in this review. Although 
the UNESCO (2021) guidelines aim to globalize ethical AI governance, their practical integration into national regulatory 
systems remains uneven. This underscores the necessity for locally contextualized governance approaches that 
incorporate regional legal frameworks, cultural norms, and socio-political realities. 

5.2 Ethical Frameworks and the Challenge of Operationalization 

Ethical principles such as fairness, transparency, accountability, and human-centeredness are widely cited in the 
reviewed literature. This reflects a growing consensus across academic and policy communities, as noted by Cowls and 
Floridi (2018) and Jobin et al. (2019), who reported significant convergence in global AI ethics guidelines. However, 
translating these principles into practice remains a considerable challenge. Scholars like Mittelstadt (2019) and 
Hagendorff (2020) argue that ethical frameworks often lack specificity and enforcement mechanisms, making them 
vulnerable to superficial application or what has been termed “ethics washing.” The review findings support this 
critique, as several studies, including those by Wagner (2018) and Green (2021), reveal a disconnect between stated 
ethical commitments and organizational practices. For example, firms may publicly adopt ethical AI charters while 
simultaneously deploying systems that produce discriminatory outcomes. This inconsistency highlights the importance 
of embedding ethics not only in the design phase but also in institutional culture and decision-making processes. 
Participatory approaches such as value-sensitive design, as proposed by Friedman and Hendry (2019), offer one way to 
bridge this gap by engaging diverse stakeholders in the development process. Yet, the review shows limited empirical 
evidence of widespread adoption of such inclusive design methodologies, indicating a need for more robust 
implementation strategies. 

5.3 Practical Realities and the Limitations of Responsible AI in Action 

The third theme in the review relates to the actual deployment and impact of AI systems, particularly in relation to 
social equity and sustainability outcomes. The findings align with prior studies by Buolamwini and Gebru (2018) and 
Birhane (2020), which documented algorithmic bias and exclusion in facial recognition and predictive analytics 
systems. These real-world harms demonstrate that technical interventions alone are insufficient to mitigate risk 
without institutional safeguards and inclusive design. Environmental concerns also emerged as a critical but 
underexplored aspect of responsible AI. Strubell et al. (2019) and Crawford (2021) raised awareness of the carbon 
footprint of large-scale AI training models, challenging narratives that position AI as an unqualified solution to climate 
change. The review findings suggest that the environmental impact of AI infrastructure is often ignored in ethics and 
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governance discussions, even though it is central to sustainability. Studies by Kaack et al. (2022) and Anthony et al. 
(2020) recommend a shift toward “green AI,” calling for the integration of environmental performance metrics into AI 
development and regulation. Another consistent issue highlighted in the literature is the lack of accountability 
mechanisms in the real-world use of AI systems. As reported by Molnar and Gill (2018) and the AI Now Institute (2019), 
systems used in public service delivery such as immigration screening and policing are often deployed without 
transparency, public consultation, or the possibility of contesting outcomes. These practices raise fundamental 
questions about democratic governance and the legitimacy of automated decision-making. The review further supports 
the view that ethical AI requires institutional commitments to oversight, transparency, and community engagement, 
rather than reliance on abstract principles alone. 

 
5.4 Synthesis and Implications 

Across all three themes, the review reveals a persistent implementation gap between the aspirational language of 
responsible AI and the complex realities of its practice. This gap is shaped by structural inequalities, regional disparities, 
institutional inertia, and the dominance of Global North narratives. The findings suggest that responsible AI for 
sustainable development cannot be achieved through technical solutions or voluntary guidelines alone. Instead, it 
requires holistic and context-sensitive strategies that combine regulation, ethics, participatory design, and 
environmental accountability. Scholars such as Whittlestone et al. (2019) and Taddeo and Floridi (2018) argue that the 
future of responsible AI lies in aligning technological progress with democratic values, socio-economic equity, and 
environmental sustainability. This discussion points to the importance of future research that focuses on grounded case 
studies, localized governance models, and the experiences of underrepresented communities. It also highlights the need 
for interdisciplinary collaboration between technologists, ethicists, policymakers, and civil society actors. Ultimately, 
the promise of responsible AI for a sustainable future will depend on how effectively ethical frameworks and 
governance systems can be translated into actionable, inclusive, and enforceable practices. 

 

6. CONCLUSION 

This systematic review critically examined the evolving discourse on responsible artificial intelligence within the 
framework of sustainable development, focusing on governance mechanisms, ethical frameworks, and real-world 
implementation outcomes. The review revealed that while substantial progress has been made in articulating ethical 
principles and proposing governance structures, significant challenges remain in translating these ideals into consistent 
and effective practice. The findings emphasized that responsible AI cannot be pursued in isolation from broader socio-
political, environmental, and institutional contexts. Disparities in regulatory readiness, enforcement capability, and 
stakeholder inclusion continue to hinder the realization of AI’s full potential as a force for sustainable and equitable 
development. The review also highlighted the limitations of techno-centric solutions and underscored the importance 
of integrating interdisciplinary, participatory, and justice-oriented approaches in AI governance. The convergence of 
global principles around fairness, accountability, and transparency suggests a promising foundation for collaborative 
efforts, yet the absence of enforceable and context-sensitive mechanisms raises questions about the sincerity and 
effectiveness of many responsible AI initiatives. Environmental sustainability, often overlooked in AI ethics discussions, 
must also be brought to the forefront given the rising ecological cost of large-scale computing. Ultimately, the review 
concludes that achieving responsible AI for a sustainable future requires not only technical innovation but also deep 
institutional reform, ethical alignment, and inclusive policymaking that bridges the gap between aspiration and action.  

 

7. RECOMMENDATION 

Policymakers, AI developers, and regulatory bodies should prioritize the development of enforceable governance 
frameworks that go beyond voluntary principles and address the contextual realities of AI deployment, especially in 
under-resourced settings. There is a need to institutionalize ethics through mandatory impact assessments, inclusive 
stakeholder consultations, and sector-specific regulations tailored to local capacities and cultural values. Educational 
institutions should integrate responsible AI training across disciplines to build cross-sectoral competence. 
Environmental sustainability must be embedded as a core component of responsible AI through the adoption of energy-
efficient design practices and the use of green computing infrastructures. International cooperation should be expanded 
to harmonize AI standards while allowing for regional adaptation. Civil society organizations must also be empowered 
to participate in governance processes and ensure transparency and accountability. Above all, ethical deliberation must 
become an integral part of AI lifecycle management, from design to deployment and evaluation. 



Journal of Information Technology, Cybersecurity, and Artificial Intelligence, 2025, 2(2), 1–19 

15 

 

8. CONTRIBUTION TO KNOWLEDGE 

This study contributes to the existing body of knowledge by providing a comprehensive, evidence-based synthesis of 
scholarly work on responsible artificial intelligence in the context of sustainable development. Unlike many prior works 
that focus on isolated aspects of AI ethics or governance, this review integrates three interrelated dimensions 
governance frameworks, ethical principles, and implementation realities into a coherent analytical framework. It 
advances the conversation by identifying not only what ethical AI should look like, but also how institutional, technical, 
and socio-political barriers complicate its realization. Through a critical assessment of sixty peer-reviewed articles, the 
study offers new insights into the discrepancies between high-level commitments and ground-level practices, 
highlighting the risks of ethics washing, governance fragmentation, and environmental neglect. 

The study enriches the discourse by drawing attention to underrepresented themes such as the environmental costs of 
AI and the need for localized governance strategies that reflect the realities of the Global South. It also contributes 
methodological rigor to the field by employing a structured, thematic synthesis approach grounded in PRISMA 
principles. By bridging ethical theory with empirical evidence, the review paves the way for future research and policy 
interventions that are more inclusive, actionable, and sustainable. In doing so, it positions itself as a vital scholarly 
resource for guiding responsible AI development in alignment with global sustainability goals. 
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APPENDIX 

 
Illustrative Source Code Examples for Responsible AI  

10. 1. Fairness Assessment Example (Gender Bias Detection in Classification Models) 

Python (using Scikit-learn and Fairlearn) 

from fairlearn.metrics import MetricFrame, selection_rate, demographic_parity_difference 
from sklearn.metrics import accuracy_score 
from sklearn.linear_model import LogisticRegression 
from sklearn.model_selection import train_test_split 
from fairlearn.datasets import fetch_adult 
 
# Load dataset 
X, y, sensitive = fetch_adult(as_frame=True, return_X_y=True) 
X = X.drop(columns=["education-num"])  # drop redundant column 
 
# Train-test split 
X_train, X_test, y_train, y_test, sens_train, sens_test = train_test_split( 
    X, y, sensitive["sex"], test_size=0.3, random_state=0 
) 
 
# Train model 
clf = LogisticRegression(solver='liblinear') 
clf.fit(X_train, y_train) 
y_pred = clf.predict(X_test) 
 
# Fairness evaluation 
metric_frame = MetricFrame(metrics=accuracy_score, 
                           y_true=y_test, 
                           y_pred=y_pred, 
                           sensitive_features=sens_test) 
 
print("Accuracy by gender:", metric_frame.by_group) 
print("Demographic parity difference:", demographic_parity_difference(y_test, y_pred, sensitive_features=sens_test)) 

11.  

12. 2. Ethics-Based Auditing Pseudocode (Internal Audit Check for AI Deployment) 

Python (logic illustration only) 

def ethics_audit_check(ai_system): 
    checklist = { 
        "explainability": ai_system.supports_explainability(), 
        "data_privacy": ai_system.complies_with_gdpr(), 
        "bias_testing": ai_system.has_run_bias_tests(), 
        "human_in_the_loop": ai_system.includes_human_oversight(), 
        "environmental_costs": ai_system.has_energy_monitoring() 
    } 
 
    passed = all(checklist.values()) 
 
    if not passed: 
        failed_items = [k for k, v in checklist.items() if not v] 
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        print("Ethics audit failed. Issues found in:", failed_items) 
    else: 
        print("Ethics audit passed. AI system is compliant.") 
 
# Example usage 
ethics_audit_check(my_ai_system) 

13. 3. Energy Consumption Estimation for AI Model Training 

Python (based on Carbontracker) 

from carbontracker.tracker import CarbonTracker 
 
# Start the carbon tracker 
tracker = CarbonTracker(epochs=10, log_dir="./logs", tracking_mode="process") 
 
# Example model training loop 
for epoch in range(10): 
    tracker.epoch_start() 
    # --- your training code here --- 
    print(f"Training epoch {epoch}") 
    tracker.epoch_end() 
 
tracker.stop() 

 
Responsible AI Algorithms: Pseudocode Illustrations 

14. 1. Algorithm for Bias Detection in Classification Models 

Purpose: To audit machine learning models for demographic bias across subgroups (e.g., 

gender, race). 

Input: Trained ML model M, dataset D with sensitive attribute S, label Y 
For each subgroup s in S: 
    Subset Ds = samples in D where S == s 
    Predict Y_hat = M(Ds) 
    Calculate performance metrics: accuracy, precision, recall 
    Compare metrics across subgroups 
    Report disparities (e.g., Δaccuracy, ΔF1-score) 

Use Case: Detects disparities in outcomes for protected groups to guide fairness remediation. 

15. 2. Algorithm for Ethics-Based AI Audit 

Purpose: To validate AI systems against ethical principles before deployment. 

Input: AI System A 
Checklist = { 
    'Explainability': A.supports_explainability(), 
    'Privacy': A.complies_with_data_protection(), 
    'Bias Testing': A.has_bias_tests(), 
    'Human Oversight': A.has_human_review(), 
    'Environmental Impact': A.monitors_energy_usage() 
} 
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For each criterion in Checklist: 
    If Checklist[criterion] == False: 
        Log failure with justification 
 
If all criteria passed: 
    Approve system for deployment 
Else: 
    Return audit failure report 

Use Case: Implements accountability during the AI lifecycle (design, test, deploy). 

16. 3. Green AI Algorithm for Energy-Aware Model Training 

Purpose: To track and reduce the energy footprint of deep learning model training. 

Input: Training algorithm T, number of epochs N 
Initialize CarbonTracker (log emissions, energy, hardware info) 
 
For epoch in 1 to N: 
    Start tracking 
    T.train_one_epoch() 
    Stop tracking 
    Log epoch energy consumption 
 
Output: Total carbon emissions and optimization suggestions 

Use Case: Ensures environmental sustainability by monitoring and optimizing resource use. 

 
 


