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Table 3A. Results of Hybrid Thematic-Content- (HTC-SWOT) Analysis
	No
	Theme
	Key Insight
	Description
	Strengths
	Weaknesses
	Opportunities
	Threats
	Source

	1. 
	Technology as a Means of Social Justice in Education
	Digital platforms increase inclusivity of learning for marginalized groups
	MOOC and LMS-based learning have helped underprivileged groups to access quality education (Smith, 2022)
	Providing open access to educational resources
	Depends on stable internet availability
	Partnership with technology providers to develop infrastructure
	The risk of spreading invalid information on digital platforms
	Smith (2023), Chang & McLaren (2018)

	2. 
	Digital Equity

	Addressing socio-economic barriers
	Ensuring equal access to digital tools
	Increased connectivity
	Cost constraints
	Government & private partnerships
	Widening digital divide
	Mulaudzi (2024), Uygur et al. (2020)

	
	
	Inclusion challenges
	Persistent digital gaps affect marginalized groups
	Awareness of the problem
	Lack of structured policies
	Growth of digital inclusion initiatives
	Resistance from traditional systems
	Lourens & Truter (2023), Floyd (2023)

	
	
	Infrastructure and resource gaps hinder online learning accessibility
	Many students lack devices and internet connectivity
	Increased awareness of digital gaps
	High costs of infrastructure development
	Investment in public-private partnerships
	Persistent socio-economic disparities
	Pittman et al. (2021), Ferreira Santos (2024), Lee (2022)

	3. 
	Digital Inequality
	Access gaps limit learning opportunities
	Socio-economic disparities restrict access to technology and quality education
	Raises awareness of disparities
	Limits education equity
	Policy intervention can bridge gaps
	Digital exclusion worsens inequalities
	Brink et al., (2024), Das et al. (2020), Cruz-Sandoval (2024)

	
	
	Access is uneven
	Rural and poor students face device/internet gaps
	–
	Infrastructure gaps
	Targeted digital investment
	Widening educational gap
	Ryan & Deci (2020), Fernandez & Shaw (2020)

	4. 
	Leadership in Digital Education
	Effective strategies for inclusion
	Engaging stakeholders and training faculty
	Student-centric approaches
	Resistance to change
	Institutional collaborations
	Lack of policy implementation
	[bookmark: _Hlk190379530]Vojinovikj et al. (2024), Alexandroa & Basrowib (2024)

	5. 
	AI in Education

	Enhancing learning outcomes
	AI-driven interventions in special education
	Personalized learning
	Ethical concerns
	Advanced analytics for decision-making
	Data privacy issues
	Yang et al. (2024)

	6. 
	
	Enhances personalized learning
	AI-driven learning adapts to student needs
	Data-driven insights improve education
	Biases and ethical concerns
	AI can optimize digital education
	Risk of algorithmic discrimination
	Bhuttah et al. (2024)

	7. 
	Strategic Planning
	Vision-driven leadership
	Aligning digital initiatives with institutional goals
	Long-term impact
	Need for continuous evaluation
	Global benchmarking
	Policy misalignment
	Armas & Jugo (2024)

	8. 
	Psychological Safety
	Fostering an inclusive digital culture
	Encouraging a safe online learning environment
	Increased engagement
	Variability in implementation
	Higher retention rates
	Cultural and socio-political barriers
	Atuahene et al. (2024)

	9. 
	Inclusive Leadership
	Supports diverse learning environments
	Leadership fostering equity improves student outcomes
	Enhances engagement and academic success
	Requires systemic change
	Strengthens diversity and participation
	Resistance to inclusion policies
	Bhuttah et al. (2024)

	10. 
	
	Diversity and belonging
	Focuses on creating inclusive environments to foster innovation and equity
	Builds trust and promotes innovation
	May require cultural shifts
	Enhanced engagement and retention
	Risk of tokenism and shallow diversity
	Kutch & Kutch (2021), Pham et al. (2022)

	11. 
	
	Diversity and equity focus
	Promotes inclusive practices and improves employee retention
	Fosters belonging and trust
	Risk of tokenism
	Builds innovative and inclusive cultures
	Resistance to change
	Smith  (2023)

	12. 
	Digital Policies
	Essential for educational sustainability
	Government and institutional support necessary for digital equity
	Can create sustainable frameworks
	Implementation challenges
	Digital literacy programs can be expanded
	Policy inertia and lack of political will
	Menkhoff et al. (2024)

	13. 
	Digital Inclusion
	Digital access is crucial for equity
	Leadership must ensure equitable access to technology and digital literacy training
	Expanded reach, flexible learning
	Infrastructure gaps, digital divide
	Global collaborations, policy reforms
	Socioeconomic disparities, resistance to change
	Sharma et al. (2023), Uleanya (2023)

	14. 
	Leadership Strategies
	Proactive leadership fosters adaptability
	Leaders must integrate technology with inclusive policies
	Innovative approaches, empowerment
	Resistance to technology adoption
	Development of digital leadership training
	Lack of institutional support
	Landa et al. (2023), Sharma et al. (2023)

	15. 
	
	Collaborative and compromising conflict-resolution styles foster digital inclusion
	Collaborative and compromising styles create a supportive environment for digital inclusion
	Positive impact on organizational climate
	Lack of access to digital resources in developing countries
	Increasing support from policymakers
	Data privacy issues
	Sweeney (2018), Özkan Tuncay et al. (2018), Cuéllar-Gálvez et al. (2018), Alazmi & Al-Mahdy (2022)

	16. 
	
	Layered, adaptive leadership works
	Combination of distributed and ethical leadership is key
	Strategic inclusivity
	Organizational rigidity
	Community partnerships
	Bureaucratic inertia
	Day et al. (2016), Leithwood et al. (2020), Fernandez & Shaw (2020)

	17. 
	AI in Leadership

	AI enhances decision-making and mentorship
	AI-driven solutions can foster diversity and inclusion
	Data-driven insights, scalability
	Ethical concerns, bias in AI
	AI-driven policy development
	Misuse of AI, digital surveillance issues
	Ortega et al. (2023), Botte (2023)

	18. 
	
	AI-driven analytics improve learning outcomes
	AI assists in data-driven decision-making and personalized learning
	Data accuracy and scalability
	Ethical concerns and algorithmic bias
	AI integration in leadership training
	Resistance from educators and administrators
	Klein et al. (2019), Ninković & Knežević (2018)

	19. 
	
	Data-driven decision-making
	AI supports personalized learning and accessibility
	Enhances efficiency
	Ethical concerns
	Automation in inclusive education
	Bias in AI algorithms
	Walzer (2023), Flaig et al. (2020)

	20. 
	
	Data-driven personalization
	Uses AI tools to align content with individual learning needs
	Increases efficiency and accuracy
	Risk of algorithmic bias
	Personalized learning opportunities
	Loss of human connection
	Lewis (2021), Karakose & Tülübas (2024)

	21. 
	
	Hybrid wins
	Human + AI = balance between efficiency and ethics
	Scalability + Judgment
	Bias, depersonalization
	AI-augmented strategy design
	Algorithmic injustice
	Crawford et al. (2023), Gumus (2018)

	22. 
	Competency Development
	Digital and entrepreneurial skills are key
	Leaders must cultivate a blend of technological and strategic skills
	Future-ready workforce
	Training gaps, slow adaptation
	Industry partnerships, skill development initiatives
	Rapid technological shifts, resistance from educators
	Serrano et al. (2023), Shukla et al. (2023), Felgueira et al. (2024)

	23. 
	
	Contextual, ethical, collaborative
	Skills needed to transform equitably
	Visionary potential
	Leadership overload
	Interdisciplinary training
	Misalignment with policy
	Hallinger (2018), Lozano (2015)

	24. 
	Leadership Training
	Faculty competency development
	Training enhances cultural and technological leadership skills
	Increased digital literacy
	Inconsistent institutional adoption
	Scalable training programs
	Funding limitations
	Uddin & Johnson (2023), Gary Johns (2024)

	25. 
	Sustainable Digital Strategies
	Long-term digital equity
	Integration of digital tools for inclusive education
	Future readiness
	Digital resistance
	Policy reforms and global collaboration
	Economic disparities in tech access
	Mukhuty et al. (2022), O’Sullivan (2021)

	26. 
	Workforce Development
	Partnerships for skill-building
	Connects education and industry to create career pathways
	Bridges skills gaps
	Requires strong coordination
	Industry-aligned training opportunities
	Limited funding and policy barriers
	Ferguson (2022)

	27. 
	Co-Design with Stakeholders
	Collaboration and engagement
	Involves educators and students in the design of technology and learning environments
	Boosts engagement and relevance
	Time-intensive process
	Increased adoption of inclusive practices
	Resistance to change
	Du & Breazeal (2022)

	28. 
	Transversal Skills
	Globalized education skills
	Emphasizes skills like communication, collaboration, and adaptability for global graduates
	Prepares students for diverse workplaces
	Variability in implementation
	Enhanced employability
	Lack of universal standards
	Doyle et al. (2022)

	29. 
	Faculty Digital Readiness
	Teachers’ preparedness affects digital transformation success
	Faculty training is essential for effective technology integration
	Professional development opportunities
	Inconsistent training initiatives
	Institutional funding for training programs
	Low motivation for digital adaptation
	Sork (2020)

	30. 
	Inclusive Governance
	Community engagement strengthens digital education policies
	Collaborative decision-making enhances sustainable digital policies
	Participatory governance models
	Bureaucratic barriers slow implementation
	Strengthening local leadership
	Lack of political will
	Hinrichs & Johnston (2020)

	31. 
	Crisis Leadership
	Digital strategies are crucial in times of crisis
	Leadership adaptability ensures continuity in education
	Rapid innovation and adoption
	Short-term, reactionary policies
	Long-term strategic resilience planning
	Future pandemics and disruptions
	Hoffman & Hernández (2020)

	32. 
	Distributed Leadership
	Shared responsibility
	Encourages collaboration and empowers educators
	Builds teamwork and innovation
	Cultural resistance in certain contexts
	Increased participation and engagement
	Misalignment with local traditions
	Lu (2024)

	33. 
	Distributed Leadership
	Shared responsibility
	Enhances collaboration and empowers middle leadership
	Builds trust and democratic processes
	Misalignment with local cultural norms
	Encourages participatory decision-making
	Resistance from traditional leadership structures
	Hashem & Starr (2024)

	34. 
	E-Leadership
	Remote work facilitation
	Supports employee well-being and engagement through IT tools
	Flexibility and scalability
	High dependence on technology
	New models for remote learning
	Digital divide and inequity
	Maheshwari et al. (2024)

	35. 
	AI-Driven Decision-Making
	Data-driven efficiency
	Optimizes resource allocation and decision-making
	Accuracy and speed
	Risk of reinforcing biases
	Personalization of learning
	Lack of human touch and empathy
	Arar et al. (2024)

	36. 
	Adaptive Leadership
	Navigating uncertainty
	Key for responding to VUCA environments
	Enhances resilience and adaptability
	Requires constant upskilling
	Prepares leaders for future crises
	Leader burnout and fatigue
	Sharpley (2024) 

	37. 
	Transformational IT Leadership
	Fosters IT self-leadership
	Empowers individuals to take ownership of their digital learning
	Promotes innovation and adaptability
	Requires high digital literacy among leaders
	Accelerates digital adoption
	Digital divide and unequal access
	Eseryel (2024)

	38. 
	Crisis Leadership
	Process-oriented decision-making
	Effective in navigating crises such as the COVID-19 pandemic
	Enhances resilience and adaptability
	Reactive rather than proactive
	Prepares leaders for future crises
	Crisis fatigue and burnout
	Harrison (2024)

	39. 
	Agile Leadership
	Adaptive project management
	Adapts to changing technologies and stakeholder needs through iterative processes
	Responsive and flexible
	Requires continuous adaptation
	Fosters innovation and collaboration
	Risk of leadership fatigue
	Levitt et al. (2024)

	40. 
	Social Justice Leadership
	Equity-focused leadership
	Addresses inequities in education by focusing on marginalized communities
	Promotes social equity
	Resistance to change
	Builds inclusive educational communities
	Lack of policy support
	Shaked (2023)

	41. 
	Cooperative Leadership
	Group cohesion and shared responsibility
	Encourages teamwork and reduces fragmentation within educational leadership
	Improves group dynamics
	Difficult to implement at large scales
	Enhances teacher-student collaboration
	Resistance to hierarchical change
	McLennan (2023)

	42. 
	Digital and Social Inequalities
	Barriers to digital access and social norms hinder educational quality
	Lack of access to digital resources and social norms exacerbate inequalities
	Increasing availability of digital resources
	Resistance to change among educators
	Potential for AI-driven leadership to address specific needs
	Risk of exacerbating existing inequalities
	Alkhaldi et al. (2024), Vaismoradi et al. (2016), Maheshwari & Nayak (2022)

	43. 
	AI-Driven vs. Traditional Leadership
	AI-driven leadership leverages data analytics for equitable learning environments
	AI-driven leadership can address specific needs of diverse student populations
	Data-driven and inclusive approaches
	Dependence on quality data and interpretation
	Potential for more equitable learning environments
	Risk of data misuse
	Bustamante et al. (2024), Tan (2024), Hallinger & Kovačević ((2021)

	44. 
	Leadership Competencies
	Ethical and supportive leadership is essential for digital transformation
	Ethical and supportive leadership promotes equity and sustainability
	Enhanced competencies through LDPs
	Resistance to change among educators
	Increasing recognition of the importance of digital literacy
	Potential for burnout among leaders
	Levy et al. (2023), Klahn Acuña & Male (2024), Maxwell & Riley (2017)





Table 3B. Proposed Policy Recommendations for Digital Leadership in Educational Inclusivity
	No.
	Policy Area
	Strategic Recommendations
	Implementation Challenges
	Solutions

	1. 
	Access to Digital Infrastructure
	Establish global funding mechanisms aligned with UNESCO and OECD digital equity frameworks. Strengthen public-private partnerships to bridge infrastructure gaps, particularly in low-income regions. Develop community-based digital hubs to enhance localized access.
	High cost of infrastructure development and maintenance
	Implement phased investment strategies and incentivize private sector involvement through tax benefits and subsidies.

	2. 
	Technology for Marginalized Groups
	Mandate universal access to MOOC and LMS platforms through national digital inclusion policies. Implement regulatory frameworks to ensure internet stability in remote and underserved areas. Develop AI-powered verification tools to counter misinformation and promote fact-based digital learning. Encourage localized content creation tailored to cultural and linguistic diversity.
	Internet instability in remote areas and lack of digital literacy
	Expand broadband infrastructure using satellite and mobile-based technologies. Launch digital literacy campaigns through community-based programs.

	3. 
	Economic Barriers
	Develop cross-sector policy frameworks integrating subsidies, low-cost device provisions, and digital financial inclusion strategies. Institutionalize corporate social responsibility (CSR) in digital education funding. Establish performance-based grants for digital infrastructure expansion in underserved communities.
	Slow policy implementation and bureaucratic inefficiencies
	Streamline policy approval processes and create dedicated task forces to fast-track digital inclusion initiatives.

	4. 
	Digital Inclusion Strategies
	Align national education policies with global digital inclusion benchmarks. Support grassroots-driven digital literacy initiatives by providing sustainable funding and policy backing. Integrate digital competency certification into teacher training programs to enhance digital pedagogy.
	Resistance from traditional education systems
	Conduct awareness campaigns highlighting the benefits of digital education. Provide incentives for institutions adopting digital strategies.

	5. 
	AI-Driven Learning & Decision Making
	Enforce ethical AI governance standards within educational institutions. Design mandatory AI bias mitigation training for educators and policymakers. Regulate AI-driven decision-making in student assessments, admissions, and personalized learning to ensure fairness and transparency. Promote open-access AI learning analytics for equitable decision-making.
	Ethical concerns and risk of algorithmic bias
	Establish independent AI ethics review boards and implement transparency measures for AI-based decision-making processes.

	6. 
	Leadership & Institutional Adaptation
	Establish global benchmarking systems for evaluating digital leadership effectiveness. Implement continuous feedback mechanisms and AI-assisted audits for institutional digital strategies. Develop international consortiums for collaborative digital leadership capacity-building.
	Policy misalignment and resistance to change
	Foster international cooperation through policy dialogues and leadership exchange programs.

	
	Diversity & Inclusion in STEM
	Expand mentorship and sponsorship programs targeting underrepresented groups in STEM. Develop gender- and disability-inclusive STEM curricula with culturally responsive pedagogy. Implement policy-driven reforms to address systemic biases and create equitable career pathways in STEM fields.
	Limited access to funding and resources
	Secure dedicated funding streams for diversity initiatives and establish STEM access programs in underserved areas.

	7. 
	Sustainable Digital Equity
	Institutionalize long-term national and regional digital literacy programs with government and NGO collaboration. Strengthen global digital equity frameworks by aligning with Sustainable Development Goals (SDGs). Ensure continuous funding through multi-stakeholder investment in sustainable tech initiatives.
	Policy inertia and lack of political will
	Establish accountability frameworks and tie digital equity progress to international development indices.

	8. 
	Data-Driven Decision Making
	Establish ethical accountability frameworks for AI-driven educational policies. Mandate AI ethics certification for policymakers, educators, and ed-tech developers. Promote hybrid decision-making models that integrate AI insights with human expertise to avoid over-reliance on automation.
	Risk of reinforcing biases in AI models
	Regularly audit AI models and ensure diverse data sets are used to train algorithms.

	9. 
	Remote & Crisis Management
	Develop long-term crisis response blueprints for digital education resilience. Provide structured digital leadership training emphasizing adaptability and crisis mitigation. Implement psychological and professional well-being programs to prevent digital leadership burnout.
	Leader burnout and crisis fatigue
	Introduce mental health support programs and adaptive workload management for digital education leaders.





Global Equity Implementation Matrix (GEIM) for Digital-AI Education Leadership
Table 3C. Global Equity Implementation Matrix (GEIM) – A Multi-Level Action Framework
	Implementation Level
	Strategic Goal
	EDT-TL Dimension
	Core Actions
	Equity Metrics
	Key Stakeholders
	Timeline

	GLOBAL & SUPRANATIONAL
	Establish Ethical-AI Governance Standards
	ETHICAL
	1. Develop UNESCO-aligned AI ethics guidelines for education
2. Create cross-border data privacy protocols
3. Establish global algorithmic audit standards
	• Number of countries adopting equity-focused AI guidelines
• Reduction in reported algorithmic bias incidents
	UNESCO, OECD, World Bank, Global Ed-Tech Alliances
	2–5 years

	NATIONAL & POLICY
	Bridge Digital Infrastructure Divides
	DISTRIBUTED
	1. Implement national digital equity funds
2. Mandate public-private infrastructure partnerships
3. Develop context-sensitive AI adoption roadmaps
	• Gini coefficient for digital resource distribution
• Rural-urban internet access parity index
	Ministries of Education, Telecommunications Regulators, CSR Departments
	1–3 years

	INSTITUTIONAL
	Foster Inclusive Digital-AI Cultures
	TRANSFORMATIONAL
	1. Establish ethical AI review committees
2. Implement distributed leadership structures
3. Create digital inclusion innovation labs
	• Diversity in digital leadership positions
• Student satisfaction with inclusive tech tools
	University/School Leadership, Faculty Senates, Student Unions
	1–2 years

	DEPARTMENTAL/TEAM
	Build Capacity for Ethical AI Integration
	TECHNOLOGICALLY-ENHANCED
	1. Conduct regular AI bias detection workshops
2. Develop AI-augmented teaching teams
3. Create peer mentoring networks for digital leadership
	• Teacher AI literacy assessment scores
• Frequency of ethical AI discussions in team meetings
	Department Heads, IT Directors, Teacher Leaders
	6–18 months

	INDIVIDUAL & PRACTITIONER
	Cultivate Equity-Centered Digital Leadership Competencies
	ALL FOUR DIMENSIONS
	1. Complete digital leadership certification programs
2. Engage in reflective ethical practice journals
3. Participate in global professional learning communities
	• Competency self-assessment improvements
• Implementation of equity-focused digital interventions
	Individual Educators, School Leaders, Policymakers
	Continuous



Table 3D. Contextual Adaptation Guidelines for Global Implementation
	Regional Context
	Priority Equity Challenge
	Recommended GEIM Adaptation
	Potential Partnerships
	Risk Mitigation Strategies

	Global North
	Algorithmic bias in personalized learning systems
	Focus on ethical AI auditing and transparent algorithm design
	Tech companies, AI ethics research centers
	• Regular third-party audits
• Student data protection frameworks

	Global South
	Infrastructure gaps and digital access disparities
	Prioritize mobile-first solutions and offline-capable AI tools
	Mobile network operators, NGOs, international aid agencies
	• Phased implementation plans
• Community-based digital literacy programs

	Conflict-Affected & Crisis Regions
	Educational continuity and psychological safety
	Emphasize adaptive leadership and low-tech resilience strategies
	UN agencies, humanitarian organizations, local community leaders
	• Flexible, modular approaches
• Trauma-informed digital pedagogy

	Indigenous & Minority Communities
	Cultural relevance and linguistic preservation
	Integrate local knowledge systems and multilingual AI interfaces
	Cultural organizations, indigenous leadership, language preservation groups
	• Co-design with community elders
• Indigenous data sovereignty protocols



Table 3E. Monitoring & Evaluation Framework for Equity Outcomes
	Equity Dimension
	Short-Term Indicators (0–1 year)
	Medium-Term Indicators (1–3 years)
	Long-Term Indicators (3–5+ years)
	Data Collection Methods

	Access Equity
	• Device-to-student ratio improvements
• Internet connectivity in underserved schools
	• Reduction in digital access Gini coefficient
• Increased digital resource utilization
	• Elimination of digital deserts
• Universal basic digital access achieved
	• Infrastructure surveys
• Usage analytics
• Equity audits

	Participation Equity
	• Diverse stakeholder representation in digital planning
• Inclusive design workshops conducted
	• Marginalized group participation rates in digital programs
• Reduction in digital skill gaps
	• Equitable digital leadership representation
• Sustained inclusive participation patterns
	• Participation tracking
• Focus groups
• Demographic analysis

	Outcome Equity
	• Bias detection in AI systems implemented
• Digital learning outcome disparities monitored
	• Reduction in algorithmic bias incidents
• Closing of digital achievement gaps
	• Elimination of AI-mediated discrimination
• Equitable educational outcomes across groups
	• Learning analytics
• Algorithmic audits
• Longitudinal studies



Table 3F. Resource Allocation & Investment Priorities
	Investment Area
	Priority Level
	Recommended Allocation
	Expected Equity Impact
	Implementation Partners

	Digital Infrastructure
	HIGH (Global South)
	40–50% of total equity budget
	Immediate access improvements for 50M+ learners
	Governments, development banks, private sector

	Leadership Capacity Building
	HIGH (All Regions)
	25–30% of total equity budget
	100K+ leaders trained in EDT-TL competencies
	Universities, professional associations, NGOs

	Ethical AI Development
	MEDIUM-HIGH
	15–20% of total equity budget
	Reduction in algorithmic bias by 60–70%
	Tech companies, research institutions, ethics boards

	Research & Evaluation
	MEDIUM
	5–10% of total equity budget
	Evidence-based scaling of successful interventions
	Academic institutions, think tanks, monitoring agencies





Visual Summary: The GEIM Implementation Cycle
[image: A diagram of a company's process
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Key Implementation Principles Derived from Supplementary Tables 3A & 3B:
1. From Supplementary Table 3A (Barriers Analysis):
· Infrastructure gaps require phased, targeted investments rather than one-size-fits-all approaches
· Algorithmic bias necessitates preventive ethical design not just reactive fixes
· Cultural marginalization demands co-design with affected communities
2. From Supplementary Table 3B (Policy Recommendations):
· Multi-stakeholder governance is essential for sustainable implementation
· Digital literacy must be integrated with critical thinking about AI ethics
· Long-term sustainability requires institutionalizing equity metrics in performance evaluation

Practical Application Guidelines:
For Policymakers:
1. Start with rapid equity assessments to identify priority gaps
2. Establish multi-sector implementation task forces
3. Create incentive structures for equity-focused innovation
For Institutional Leaders:
1. Conduct digital equity audits using GEIM metrics
2. Develop context-specific implementation roadmaps
3. Establish continuous improvement feedback loops
For Researchers & Evaluators:
1. Track both quantitative metrics and qualitative experiences
2. Document contextual adaptations and lessons learned
3. Contribute to global knowledge sharing networks

This GEIM framework provides a comprehensive, actionable roadmap for implementing the EDT-TL model globally while maintaining contextual sensitivity and measurable equity outcomes. The matrix integrates insights from both the main manuscript and supplementary materials, offering a practical tool for transforming theoretical frameworks into tangible educational equity improvements.
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