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ABSTRACT 

 

Artificial Intelligence (AI) is rapidly transforming global education 

systems, influencing pedagogy, assessment, and institutional 

operations. While existing studies have explored individual 

dimensions of Artificial Intelligence in Education (AIEd), few have 

provided an integrated synthesis across levels, regions, and 

disciplines. This systematic review analyzes 100 peer-reviewed 

studies published between 2021 and 2025, a period marked by the 

post-pandemic digital shift and the rise of generative AI. Using a 

structured methodology combining AI-assisted and manual searches, 

the review identifies eight major themes: personalized and adaptive 

learning powered by AI; student-AI collaboration and interaction 

models; ethical and responsible use of AI in education; educator 

roles and professional development in AIEd; AI as a new discipline and learning subject; national AI 

policies and the role of education; societal, political, and economic implications of AI in education; and 

paradigms and future directions of AIEd. Findings reveal that AI enhances personalization, real-time 

feedback, and scalability, but also introduces tensions concerning algorithmic bias, equity, teacher 

deskilling, and ethical oversight. The review highlights the urgent need for comprehensive teacher training, 

ethical regulatory frameworks, inclusive AI literacy, and interdisciplinary research. These findings provide 

critical insights for policymakers, researchers, and education leaders aiming to ensure that AI adoption 

supports human-centered, equitable, and pedagogically grounded innovation in education. 

Keywords: Artificial Intelligence in Education (AIEd); Personalized Learning; AI Ethics in Education; 

Teacher Professional Development; Student-AI Interaction; Educational Policy and AI; Equity and Access 

in AIEd; Systematic Literature Review 

 

INTRODUCTION 

The rapid advancement of Artificial Intelligence (AI) technologies has significantly transformed 

various sectors, with education emerging as one of its most dynamic frontiers (Holmes & Tuomi, 2022; 

Zhang & Aslan, 2021). From intelligent tutoring systems and automated assessments to adaptive learning 

platforms and virtual teaching assistants, AI has begun to reshape how students learn, teachers teach, and 

institutions operate (Feng & Law, 2021; Lin et al., 2023). Artificial Intelligence in Education (AIEd) has 

evolved into an interdisciplinary domain of increasing global attention and investment. The use of AI in 

education is no longer something we can control or avoid; it is becoming an integral force in shaping the 

future of teaching and learning in higher education. If teachers wish to avoid being replaced by AI, they 

must position these technologies as learning partners—tools that enhance, rather than diminish, human 

instruction and creativity. 
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AI's educational potential lies primarily in its ability to enable personalized and adaptive learning. 

Through machine learning algorithms and real-time data analysis, AI can offer tailored instruction and 

feedback, allowing learners to progress at their own pace and according to their unique needs (Dogan et al., 

2022; Dogan et al., 2023). Intelligent Educational Systems and Intelligent Tutoring Systems, for example, 

have been shown to enhance learning outcomes in fields such as language and mathematics (Lin et al., 

2023; Xu & Ouyang, 2021). As AI technologies are increasingly integrated into online and distance learning 

modalities, especially post-pandemic, their role in supporting scalable, flexible, and data-driven learning 

environments has grown substantially (Dogan et al., 2023; Kim et al., 2022). 

However, these developments are not without challenges. Scholars have warned of the ethical, 

social, and political implications of embedding AI into educational systems, especially in K–12 settings, 

where issues of surveillance, algorithmic bias, and student privacy are of particular concern (Akgun & 

Greenhow, 2021; Dignum, 2021; Bhimdiwala et al., 2021). Concerns have also been raised about the 

automation of teacher work and the potential for AI to deskill educators or undermine their professional 

autonomy (Bergviken Rensfeldt & Rahm, 2022; Selwyn, 2022). Critics emphasize that AI is not a neutral 

tool; rather, it carries embedded values and assumptions that shape educational priorities and may reinforce 

existing social and structural inequalities (Schiff 2021; Wang 2021). 

There is a growing recognition of the need to prepare educators and learners not only to use AI 

tools but also to understand, question, and co-create them. Educational leaders and policymakers must 

address the widening gap between rapid technological development and the slower pace of curriculum 

reform and teacher preparation (Chiu Sampson, 2022; Chiu, 2021). Despite the increasing number of 

national AI strategies released globally, education is often framed merely as a workforce development 

pipeline rather than a critical domain for ethical deliberation, equity, and civic engagement (Schiff, 2021). 

Although existing reviews have addressed specific subfields, such as intelligent tutoring (Feng & 

Law, 2021), AI ethics (Akgun & Greenhow, 2021), and personalized learning (Tapalova & Zhiyenbayeva, 

2022), there remains a need for a comprehensive and updated synthesis of literature that captures the breadth 

of AIEd research across geographic, disciplinary, and methodological boundaries. This is especially timely 

as the field transitions toward learner-centered paradigms, where students not only interact with AI but are 

also empowered to lead their learning with AI as a cognitive partner (Ouyang and Jiao, 2021). 

This systematic review aims to critically examine recent scholarly literature on the integration of 

AI in education, with particular focus on the following themes: personalized and adaptive learning powered 

by AI; student-AI collaboration and interaction models; ethical and responsible use of AI in education; 

educator roles and professional development in AIEd; AI as a new discipline and learning subject; national 

AI policies and the role of education; societal, political, and economic implications of AI in education; and 

paradigms and future directions of AIEd. By synthesizing empirical findings and theoretical insights from 

peer-reviewed sources, this review seeks to answer three core questions:  

1. What are the emerging trends in AI use in education? 

2. What tensions and ethical concerns are raised across educational levels and contexts? 

3. How are educators and institutions adapting to or transforming in response to AI technologies? 

The review includes peer-reviewed journal articles published between 2021 and 2025, 

encompassing both K–12 and higher education settings from diverse geographical regions. This scope 

ensures a representative yet focused selection of literature that captures recent developments and provides 

cross-contextual insights. 

This review makes a timely contribution to theory, practice, and policy by mapping the dynamic 

interplay between AI technology, educational practice, and institutional structure. It provides educators 

with critical perspectives on AI use, supports policymakers in developing evidence-based equitable 

strategies, and offers researchers a clear overview of gaps and priorities for future inquiry. This review 

contributes to building a more ethical, inclusive, and human-centered approach to AI integration in 

education. 
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The chapters that follow detail the review’s methodology, including the search strategy and tools, 

inclusion and exclusion criteria, data extraction and organization, thematic analysis, and ethical 

considerations, followed by the results and discussion, and a conclusion with recommendations for 

educators, policymakers, researchers, and technology developers. 

 

METHODS 

Research Design 
This study employed a systematic literature review to synthesize scholarly research on the 

integration of Artificial Intelligence (AI) in education. The objective was to identify the dominant themes, 

benefits, tensions, and transformative effects of AI adoption in diverse educational settings across the globe. 

To ensure rigor and transparency, the review process followed an established protocol that combined 

traditional manual methods with AI-assisted research platforms, allowing greater precision and efficiency. 

The review timeframe was restricted to publications from 2021 to 2025, a period that marked a 

pivotal shift in education due to the COVID-19 pandemic and the subsequent rise of generative AI 

technologies (e.g., ChatGPT), which have significantly reshaped educational discourse. This timeline was 

chosen to capture both the acceleration of digital learning during global school closures and the recent boom 

in AI-powered teaching and learning tools. 

For the purpose of this study, Artificial Intelligence in Education (AIEd) is defined as the use of 

computational technologies—such as machine learning, natural language processing, intelligent tutoring 

systems, predictive analytics, and generative AI models—within formal educational settings to support 

instruction, assessment, administration, or student learning. 

 

Search Strategy and Tools 

A literature search was conducted using both AI-powered research tools and traditional academic 

databases to ensure comprehensive and interdisciplinary coverage. AI tools such as Scispace, Elicit, and 

Consensus were used for their semantic search capabilities, which allowed relevance-based filtering beyond 

basic keyword matching. These platforms helped identify peer-reviewed journal articles and reputable 

conference proceedings based on natural language queries and citation relevance. 

The search terms included combinations such as 

1.   “Artificial Intelligence in Education” 

2.   “AIEd and pedagogy” 

3.   “AI literacy in schools” 

4.   “Teacher professional development and AI” 

5.   “Ethics of AI in education” 

6.   “Learning analytics and AI feedback” 

 

To ensure completeness, manual searches were also conducted using Google Scholar, ResearchGate, and 

publisher platforms such as Springer, Elsevier, IEEE Xplore, and Wiley. Filters were applied to limit the 

results to peer-reviewed articles published between January 2021 and April 2025. 

 

Inclusion and Exclusion Criteria 
The following criteria were used to guide the selection of studies for this review. These ensure the 

relevance, quality, and focus of the included literature on AI in education. 

Inclusion criteria: 

1. Peer-reviewed journal articles or reputable conference proceedings 

2. Focus on AI in formal educational contexts (e.g., K–12, higher education, teacher training) 

3. Publications between 2021 and 2025 
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4. Studies addressing instructional, pedagogical, ethical, policy-related, or design-related aspects 

of AI in education 

5. Both empirical and theoretical papers 

Exclusion criteria: 

1. Non-English publications 

2. Studies focused solely on technical AI design without educational relevance 

3. Articles published prior to 2021 

 

Data Extraction and Organization 
A total of 100 articles were shortlisted after evaluating their titles, abstracts, and full texts for 

relevance. For each article, the following metadata were extracted and recorded: 

1. Title 

2. Year of Publication 

3. Authors 

Significant Information About the Research 

1. Country or Region of Study 

2. Educational Level (e.g., primary, secondary, tertiary) 

3. Type of AI Application (e.g., chatbots, learning analytics, recommendation systems) 

4. Methodology (e.g., qualitative, quantitative, mixed methods) 

5. Ethical or Pedagogical Themes Discussed 

To systematically track and compare the literature, a Review of Related Literature (RRL) Matrix 

was developed and included in this study (see Appendix A). This matrix captures key information from 

each source, including the title, year of publication, authors, significant information, and thematic 

contributions. It served as a foundational tool to ensure transparency and consistency during analysis. 

The RRL Matrix also facilitated thematic clustering by enabling cross-referencing of concepts and 

outcomes across studies. Based on patterns identified in the matrix, the 100 articles were organized into 

eight thematic batches for deeper analysis and synthesis. 

 

Thematic Analysis 
A qualitative thematic analysis approach was employed to identify recurring ideas, concepts, and 

concerns across the included studies. An inductive coding strategy was used, allowing themes to emerge 

organically from the literature rather than being based on predefined categories. Initial codes were generated 

using open coding techniques. 

Related codes were clustered and compared using the Review of Related Literature (RRL) Matrix, 

which enabled systematic organization and refinement of emerging patterns. The coding process underwent 

multiple rounds of collaborative review to ensure accuracy and depth of interpretation. 

To enhance the credibility of the findings, two reviewers independently coded a subset of the 

articles. Inter-rater reliability was established through discussion, and any discrepancies were resolved 

through iterative dialogue and refinement of the coding framework. Themes were validated based on both 

conceptual relevance and frequency of occurrence across studies. 

Following the synthesis of all thematic batches, eight major themes were finalized. These themes 

reflect the key domains in which Artificial Intelligence is transforming, challenging, or enriching 

educational practices on a global scale. 
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Ethical Considerations 
As this study involved a review of publicly available literature, no human participants were 

involved; therefore, formal ethical approval was not required. Nonetheless, academic integrity was upheld 

by adhering to rigorous citation practices, and all sources were properly acknowledged throughout the 

analysis and synthesis. 

 

RESULTS AND DISCUSSION 

Personalized and Adaptive Learning Powered by AI 
The integration of Artificial Intelligence (AI) into education has significantly advanced 

personalized and adaptive learning, reshaping traditional pedagogical models and promoting learner-

centered approaches. Across the reviewed literature, AI-powered systems—such as intelligent tutoring 

systems, generative AI tools like ChatGPT, adaptive platforms, and virtual reality environments— have 

consistently demonstrated their effectiveness in tailoring instruction to individual learners' needs, 

preferences, and progress (Msambwa et al., 2025; Waykar & Yambal, 2025; Zhang et al., 2024).  

AI applications support a spectrum of educational levels and disciplines, enhancing learning 

outcomes through real-time feedback, dynamic assessments, and flexible learning paths. This is evident in 

fields such as science and chemistry (Erümit & Sarıalioğlu, 2025), psychology (Yu et al., 2025), surgical 

oncology (Hu & Wu, 2025), language learning (Jose, 2025), and the creative arts (Sun et al., 2025). These 

tools not only promote individualized instruction but also improve collaborative learning environments and 

student motivation (Matos et al., 2025; Msambwa et al., 2025). 

The concept of adaptive learning, which is central to both Education 4.0 and 5.0 paradigms, has 

been reinforced by AI technologies capable of monitoring learners’ behavior and adjusting content delivery 

accordingly (Rane et al., 2023; Dogan et al., 2023). AI-supported education increasingly relies on data 

analytics, natural language processing, and machine learning to inform instructional decisions, provide 

feedback, and forecast academic trajectories (Lin et al., 2023; Tapalova & Zhiyenbayeva, 2022). 

However, the transformative potential of AI is tempered by recurring concerns regarding its use. 

Ethical issues, such as algorithmic bias, data privacy, potential erosion of teacher-student relationships, and 

unequal distribution of digital infrastructure, pose significant challenges (Erümit & Sarıalioğlu, 2025; 

Hachoumi et al., 2025; Wang et al., 2024). Studies have stressed the necessity of enhancing institutional 

preparedness and teacher training to fully harness AI's capabilities in educational settings (Jose, 2025; 

Yeung et al., 2025; Msambwa et al., 2025). 

AI presents vast opportunities for revolutionizing education by enabling personalized, adaptive, 

and inclusive learning environments Its successful implementation requires a balanced, ethical, and human-

centered approach. Future research should prioritize the development of robust ethical frameworks, 

longitudinal evaluations of learning outcomes, and scalable strategies to support educators and institutions 

in the responsible use of AI technology. 

 

 Student-AI Collaboration and Interaction Models 
The growing integration of AI in education has shifted the focus from mere automation to more 

dynamic and interactive partnerships between students and AI systems. The literature consistently 

emphasizes that AI is not merely a tool but increasingly a collaborator—one that enhances personalized 

feedback, supports communication, fosters collective intelligence, and empowers student agency in the 

learning process (Msambwa et al., 2025; Singh et al., 2025; Yeung et al., 2025; Kim et al., 2022). 

Studies have demonstrated that AI facilitates both individualized and collaborative learning 

environments, enhancing student-AI and student-student interaction through tools such as chatbots, virtual 

mentors, immersive platforms, and intelligent tutoring systems (Casebourne et al., 2024; Wang, 2024; 

Azap, 2025). These technologies not only improve learner-content engagement but also offer scaffolding 
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for skills development, motivation, and communication, particularly in complex disciplines such as nursing 

and the arts (Yeung et al., 2025; Wang, 2024). 

The role of AI in collaborative settings also presents tensions regarding trust, authority, and social 

norms. Although students benefit from enhanced feedback, guidance, and personalized support, concerns 

about surveillance, academic integrity, and the potential erosion of human interaction persist (Singh et al., 

2025; Stöhr et al., 2024; Slimi, 2023). Variability in student acceptance across gender, discipline, and 

academic levels further underscores the importance of a contextualized and inclusive design (Stöhr et al., 

2024). 

Frameworks such as the three paradigms of AI in education—AI-directed, AI-supported, and AI-

empowered learning—highlight the trajectory toward greater learner autonomy and agency (Ouyang and 

Jiao, 2021). Similarly, models of student-AI collaboration suggest that learning evolves from learning about 

AI to learning with AI and ultimately to co-learning in a shared environment (Kim et al., 2022). These 

models align with emerging theories of AI-mediated Collective Intelligence, where AI contributes to group 

formation, task orchestration, and collaborative reasoning (Casebourne et al., 2024). 

AI is becoming a partner in the educational journey, augmenting rather than replacing human 

interaction. Future research and policy must prioritize ethical design, cultural responsiveness, and co-

development of interaction frameworks that enable safe, equitable, and meaningful collaboration between 

students and AI systems. 

 

Ethical and Responsible Use of AI in Education 

As AI technologies become increasingly embedded in educational ecosystems, the imperative to 

ensure their ethical and responsible deployment has become more urgent. The reviewed literature 

underscores that while AI holds transformative potential, it also introduces a host of ethical challenges, 

including data privacy, algorithmic bias, surveillance, intellectual property, academic integrity, and 

disparities in access (Kraemer et al., 2025; Qanbari et al., 2025; Zhao et al., 2025). 

Key concerns center on the opacity of AI decision-making processes, which can undermine 

transparency and trust in educational settings. Researchers have argued for the integration of explainable 

AI (XAI) and for increasing stakeholder awareness regarding how AI systems make pedagogical or 

evaluative decisions (Kraemer et al., 2025; Wang et al., 2025). Students and educators often lack a clear 

understanding of AI’s capabilities and limitations, prompting calls for AI literacy and digital ethics 

education as foundational components of 21st-century learning (Toquero, 2025; Wang et al., 2025). 

Institutional readiness and governance frameworks remain uneven across educational sectors, with 

many schools and universities deploying AI tools without adequate policy guidance or safeguards (Qanbari 

et al., 2025; see also Young et al., 2025). The lack of standardized ethical protocols contributes to 

inconsistencies in how AI is evaluated and integrated, increasing risks of harm or inequity. This is especially 

critical in diverse global contexts where resource limitations can exacerbate ethical vulnerabilities 

(Toquero, 2025; Zhao et al., 2025). 

An emerging discourse surrounds the ethical design of AI tools. Scholars advocate for participatory, 

human-centered design processes that involve educators, learners, and technologists to ensure that AI aligns 

with pedagogical values and social justice principles (Young et al., 2025; Zawacki-Richter & Jung, 2025). 

The literature highlights the importance of moving from reactive to proactive strategies and embedding 

ethical foresight into every phase of AI adoption, from procurement and deployment to monitoring and 

evaluation. 

In conclusion, the ethical and responsible use of AI in education requires a multi-stakeholder 

systemic approach that balances innovation with accountability. Future research should focus on developing 

adaptable governance models, global ethical standards, and cross-disciplinary collaborations that protect 

the rights, dignity, and autonomy of all educational stakeholders. 
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 Educator Roles and Professional Development in AIEd 
The literature on AI-driven assessment and learning analytics reveals a significant shift in the 

manner in which feedback, evaluation, and performance monitoring are conducted in education. AI is no 

longer a peripheral aid but a core analytical engine that enables personalized, timely, and scalable insights 

into learner behavior and academic progress (Chiu & Chai, 2025). Through intelligent data processing, 

systems now offer adaptive feedback and early warning signals, fostering not only cognitive improvement 

but also learner motivation and engagement 

 (Lim et al., 2025; El-Sayed & Yehia, 2025). 

Several studies have shown how AI enables automated assessment and formative feedback, 

especially in writing and online discussion forums. AI-powered tools improve students’ revision practices 

and provide consistent feedback that is often more immediate than human input (Hwa Chong Lim et al., 

2025; El-Sayed & Yehia, 2025). Natural language processing techniques allow educators to analyze 

interaction patterns, predict learning outcomes, and assess emotional or motivational states, enabling more 

holistic pedagogical decisions (Ali Houssam & Osama Fathi, 2025; Aydın & Kaya, 2025). 

Learning analytics also plays a vital role in predictive modeling, using behavioral data to anticipate 

student success, dropout risk, and engagement trends. For instance, machine learning models have 

demonstrated accuracy in forecasting academic performance and identifying at-risk learners in higher 

education (Mansour Alsamawi & Alnaqeib, 2025; Salimi et al., 2025). These capabilities empower 

institutions to shift from reactive to proactive strategies, offering interventions before problems escalate. 

Studies advocate for learner-facing analytics, such as interactive dashboards that visualize learning 

progress, provide self-assessment tools, and encourage self-regulation (Yağmur & Can, 2025). These 

systems cultivate a feedback-rich environment in which students actively engage in their own learning 

trajectories. Collaborative analytics, in which both instructors and students interpret data together, have 

also shown promise in promoting deeper metacognition and co-responsibility for learning (Suárez-Álvarez 

et al., 2025). 

However, the growing adoption of AI in assessments raises critical questions regarding fairness, 

transparency, and accountability. Researchers have emphasized the need for human oversight, bias 

mitigation strategies, and ethical frameworks to guide data collection and interpretation (Manouselis et al., 

2025). While the promise of AI-enhanced assessment is immense, its implementation must prioritize ethical 

data use, contextual relevance, and learner trust. 

AI is transforming assessment from a static, summative practice into a dynamic, formative, and 

learner-centric process. As these technologies evolve, responsible design and inclusive policy development 

must ensure that AI enhances—not replaces—the educator's role in fostering meaningful, equitable 

feedback and learning. 

 

AI as a New Discipline and Learning Subject 
The reviewed literature affirms that Artificial Intelligence (AI) is rapidly evolving from a 

technological tool into a disciplinary subject essential to 21st-century education. At various levels—K–12, 

higher education, and teacher training—AI is increasingly being positioned not just as content to be applied, 

but as knowledge to be critically understood, taught, and ethically managed. 

At the K–12 level, there is growing momentum for integrating AI literacy into curricula worldwide, 

despite challenges such as a lack of teacher preparedness and curricular frameworks (Akgun & Greenhow, 

2023; Ng et al., 2023; Chiu, 2021; Ng et al., 2021). Studies emphasize the use of collaborative, project-

based pedagogies, the importance of ethical reasoning, and the need for modular and personalized curricula 

(Ng et al., 2023; Casal-Otero et al., 2023). Global initiatives and stakeholder insights further emphasize 

accessibility, relevance, and equitable outcomes, especially in under-resourced regions (Sanusi et al., 2024; 

Yeter et al., 2024). 
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In higher education, AI is increasingly viewed as a core subject in fields such as medicine and 

computer science. However, a standardized curriculum is still lacking. In medical education, for example, 

AI is largely being integrated as a tool to foster digital competence, ethical literacy, and interdisciplinary 

collaboration; however, institutional and regional disparities hinder its widespread adoption (Hernández 

Rincón et al., 2025). In computing education, generative AI (GenAI) tools are gaining traction for reshaping 

both introductory and advanced courses, although concerns remain regarding their misuse and performance 

impacts (Agbo et al., 2025; Diloy et al., 2023). 

Teacher preparedness is another key dimension of this study. Rahimi (2025) introduced a validated 

framework for AI Language Teaching based on design thinking, demonstrating how educators must acquire 

competencies in empathy, ideation, prototyping, and testing to effectively teach with AI. This aligns with 

Allen and Kendeou’s (2023) interdisciplinary ED-AI literature framework, which highlights essential 

dimensions of AI literacy, such as autonomy, contextualization, and ethical awareness. 

Broader frameworks and visual mappings of AI in education reveal distinct research clusters—

particularly in medical education, general pedagogy, and GenAI applications—which signal the 

multidimensional nature of AI as a discipline (Qin & Zhang, 2024). Applied research also explores how 

specific platforms, such as Century Tech or Neuromation, facilitate AI-based adaptive learning, although 

data constraints remain a barrier to deep neural network training (Shashkova et al., 2024). 

Stakeholder perspectives are indispensable in this regard. Sanusi et al. (2024) show how the 

alignment of teachers', students', and policymakers’ conceptions of AI can shape effective curriculum 

implementation. Similarly, Diloy et al. (2023) provide institutional insights into how universities are 

adapting their pedagogies and assessment strategies to ensure responsible and confident AI use by students. 

This body of work illustrates the emergence of AI not only as a pedagogical tool but also as a 

disciplinary foundation that intersects with ethics, equity, teacher training, and digital skills. Future work 

must prioritize cross-sectoral collaboration, localized curricular design, and ethical stewardship to ensure 

that AI plays a transformative and inclusive role in global education. 

 

National AI Policies and the Role of Education 
The interplay between national AI policy frameworks and educational systems is becoming 

increasingly significant, shaping the introduction, teaching, and governance of artificial intelligence across 

global learning environments. The reviewed studies collectively suggest that while policy discourse 

recognizes AI’s economic potential, it often lags in addressing its educational, ethical, and human-centered 

implications. 

Several studies emphasize the absence of an explicit focus on AI in Education (AIED) within 

national strategies. Schiff (2021) found that although over 30 nations have released national AI strategies, 

most view education merely as a tool for workforce development rather than a domain requiring ethical and 

pedagogical oversight. This misalignment reinforces the gap between AI’s rapid technological growth and 

the slower adaptation of education systems (Pham & Sampson, 2022), with corporate-driven adoption often 

outpacing institutional readiness and ethical safeguards. 

Emerging efforts have addressed this gap. For instance, Chan (2023) introduced an AI Ecological 

Education Policy Framework that integrates pedagogical, governance, and operational dimensions for 

university education. This framework provides a comprehensive model for implementing AI responsibly in 

academic contexts, addressing issues of training, privacy, infrastructure, and accountability. Similarly, Xu 

et al. (2025) proposed a standardized framework for Artificial General Intelligence Models in Education 

(AGIME), stressing the need for regulatory specifications across trustworthiness, ethics, security, and 

pedagogy. 

The acceptability of AI technologies in education also hinges on stakeholder trust and values. 

Karran et al. (2025) demonstrate through a short story or example used to show a real-life situation that 

students, teachers, and parents evaluate AI use through lenses of justice, privacy, transparency, and 
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perceived utility, revealing divergent levels of trust and readiness. This underscores the need for inclusive 

policymaking that captures diverse perspectives. 

Case studies from individual countries provide additional context. In the Philippines, Estrellado 

and Miranda (2023) stressed the importance of infrastructure, resources, faculty training, and ethical clarity 

for AIED to succeed within a policy framework. In Nigeria, Bali et al. (2024) observed the widespread use 

of basic AI tools in education but also a lack of adoption of more advanced systems, urging local institutions 

to learn from global best practices to bridge this innovation gap. Similarly, Yeter et al. (2024) called for 

universal AI literacy programs at the elementary level, citing hands-on, collaborative learning as critical to 

achieving equitable global AI education. 

Within higher education, AI is increasingly associated with sustainability and innovation. 

Bagherimajd and Khajedad (2025) developed a model for AI-based sustainable education, identifying seven 

key domains—from organizational structures to curriculum and global citizenship—that must align for AI 

to support long-term societal goals. Polat et al. (2025) further show that AI literacy positively influences 

sustainable behaviors and entrepreneurial orientation in teacher candidates, emphasizing AI’s broader role 

in responsible development. 

Institutions such as Stanford University exemplify how educational leadership and policy 

innovation can shape AI learning ecosystems. Lu (2025) highlights Stanford's interdisciplinary approach 

and its partnerships with the industry, showcasing the institution’s influence in integrating inclusive and 

ethical AI education through initiatives like AI4ALL and the SAIL-Toyota Center. 

The reviewed literature highlights the critical need for alignment between national AI policies and 

educational ecosystems. Effective AI governance must go beyond economic utility to include ethical 

standards, teacher preparation, stakeholder inclusion, and equitable access to AI tools. Moving forward, 

collaborative policymaking informed by empirical research, such as that reviewed here, will be essential 

for designing AI education frameworks that are globally relevant, locally responsive, and ethically sound. 

 

Societal, Political, and Economic Implications of AI in Education 
The integration of Artificial Intelligence (AI) into educational systems worldwide holds immense 

promise for innovation, sustainability, and the democratization of learning. It also introduces a complex 

matrix of societal, political, and economic implications that must be critically examined by researchers. 

Several studies underscore the potential of AI to contribute to sustainable education models, 

positioning AI not merely as a tool but as a transformative force that can enhance human capital, promote 

creativity, and support lifelong learning (Bagherimajd & Khajedad, 2025). AI-driven education has been 

shown to affect curriculum design, organizational structures, and international communication, offering 

opportunities and systemic challenges that require thoughtful governance. 

Politically, the adoption of AI in education raises questions regarding who controls educational 

innovation and policy direction. Pham (2025) highlights the tensions between rapid technological change 

and long-term educational values, noting that education policy is increasingly influenced by market-driven 

interests that may diverge from inclusive and equitable goals. This aligns with the findings of Bergviken 

Rensfeldt and Rahm (2022), who argued that the automation of teacher labor is often positioned as 

inevitable, overshadowing important debates about teacher agency, equity, and public education. 

Economically, AI has the potential to enhance administrative efficiency and drive evidence-based 

policies through large-scale data mining (Wang, 2021). Techno-solutionism and inequitable access to 

technology remain persistent threats to equitable development in education. Bulathwela et al. (2024) warn 

that without intentional inclusivity and investment in open-source, participatory platforms, AI may 

exacerbate educational inequalities, especially for under-resourced communities. This concern is echoed 

by Julien (2024), who emphasizes both the promise of AI for inclusive education and the dangers of 

deepening digital divides without supportive infrastructure or pedagogy. 
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Globally, policy frameworks still fall short of recognizing the full impact of AI on education. Schiff 

(2021) revealed that while many national AI strategies focus on workforce development, they often neglect 

the ethical and pedagogical implications of using AI in educational contexts. Similarly, Selwyn (2022) 

urges caution, warning against over-reliance on AI systems and the environmental, ethical, and social 

consequences of unchecked technological adoption. 

Culturally specific studies reveal nuanced intersections between AI, national identity, and 

educational values. Mäki-Kullas (2024) explored the role of AI in career planning in Bangladesh, 

emphasizing the need for cultural competency in AI tools. Li (2024) demonstrated the utility of AI in 

supporting multicultural education through data-informed ideological and political learning platforms, 

enhancing cross-cultural competence in higher education. 

The global reaction to generative AI tools such as ChatGPT shows a wide range of perceptions, 

from concerns about academic integrity to optimism about AI as an intelligent learning partner (Fütterer et 

al., 2023). This public discourse is not just a response to new technologies but also reflects broader societal 

anxieties and aspirations regarding the future of education. 

While AI has the power to revolutionize education, this transformation is not neutral. It is shaped 

by political agendas, economic pressures and societal values. To ensure that AI serves the public good, 

education stakeholders must advocate for transparent, inclusive, and ethically grounded AI governance, 

with deliberate efforts to reduce inequality, protect human agency, and prioritize sustainable and culturally 

responsive education systems. 

 

Paradigms and Future Directions of AIEd 
Across the literature, there is a consensus that teacher education and professional development are 

fundamental to the responsible and effective integration of Artificial Intelligence (AI) in educational 

settings. As AI tools continue to permeate classrooms, educators must be equipped not only to use these 

technologies but to understand their implications, challenge their limitations, and co-design meaningful 

applications (Allen & Kendeou, 2023; Cheng et al., 2022; Cui et al., 2024). 

Several studies emphasize the urgent need for AI literacy in preservice teacher training. Yildiz et 

al. (2023) found that participation in AI-focused courses led to significant improvements in preservice 

teachers’ self-efficacy, awareness of ethical considerations, and understanding of AI's pedagogical 

potential. However, many teachers still feel unprepared: Pham et al. (2024) observed that while Vietnamese 

preservice teachers were generally curious about AI, they lacked formal knowledge and relied on informal 

digital sources for understanding. Likewise, Alzahrani et al. (2023) reported that prospective English 

teachers in multilingual Saudi classrooms had limited practical experience with AI and primarily learned 

about it through social media and online videos, pointing to the absence of structured teacher preparation 

programs. 

Innovative frameworks are emerging to fill this gap. Allen and Kendeou’s (2023) ED-AI Lit 

framework highlights autonomy, contextualization, and ethical responsibility as foundational pillars of 

teacher AI literacy. Similarly, Rahimi (2025) proposes a design thinking-based AI language education 

framework that empowers teachers to move beyond passive use and engage in empathy-driven ideation and 

prototyping. These models signal a shift toward a more creative and critical teacher identity in AI-enhanced 

education. 

Professional development is equally critical for in-service educators, many of whom face systemic 

constraints. Conde et al. (2024), in their large-scale study across Spain, reported that teachers were generally 

optimistic about AI’s potential for personalization but were also concerned about ethical risks, algorithmic 

bias, and the erosion of their pedagogical autonomy. These concerns are mirrored in Nigeria, where Bali et 

al. (2024) found that although teachers widely used basic AI tools like chatbots, their limited awareness of 

advanced AI systems and lack of institutional support hindered broader adoption. Gong et al. (2023) add 
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that Chinese educators often view AI as both promising and unsettling—citing its potential to improve 

teaching efficiency but also its implications for fairness, workload, and role displacement. 

Addressing these concerns requires more than tool training. Cheng et al. (2022) argue for holistic 

AI literacy, integrating computational thinking, ethics, and data agency. They propose a teacher-AI co-

agency model, where educators maintain pedagogical control while collaborating with AI to support student 

learning. This vision is crucial in light of studies like Cui et al. (2024), which reveal that platforms like 

Squirrel AI may lead to increased student dependence and reduced learner agency—outcomes that teachers 

must be prepared to recognize and mitigate. 

Despite varied geographic contexts, the reviewed studies converge on a shared insight: AI-related 

teacher development must be formalized, multidimensional, and equity-driven. In Vietnam (Pham et al., 

2024), Saudi Arabia (Alzahrani et al., 2023), Nigeria (Bali et al., 2024), China (Gong et al., 2023; Cui et 

al., 2024), Spain (Conde et al., 2024), and beyond, educators are expressing both excitement and concern. 

Without structured support, teachers risk being sidelined by rapidly advancing technologies they neither 

trust nor fully understand. 

To navigate this future, teacher education must move beyond tool fluency to include critical data 

literacy, algorithmic accountability, ethical judgment, and interdisciplinary collaboration (Cheng et al., 

2022; Allen & Kendeou, 2023). Institutions must also prioritize culturally responsive pedagogy, tailored to 

local infrastructure and linguistic realities (Alzahrani et al., 2023; Bali et al., 2024). Whether through formal 

coursework, design-thinking models, or policy-aligned professional development, teachers must be treated 

as active agents in shaping AI-enhanced education, not passive recipients. 

Empowering educators to thrive in the age of AI requires a paradigm shift: from technical skill-

building to critical engagement; from isolated training to systemic reform; and from technology-centered 

approaches to human-centered pedagogy. This transformation is not optional—it is essential for equitable, 

ethical, and sustainable education in an AI-driven world. 

 

CONCLUSION 

This review synthesizes key developments in Artificial Intelligence in Education (AIEd), drawing 

from 100 peer-reviewed studies published between 2021 and 2025. Eight major themes emerged, capturing 

how AI is reshaping educational systems across diverse global contexts. These themes include: personalized 

and adaptive learning powered by AI; student-AI collaboration and interaction models; ethical and 

responsible use of AI in education; educator roles and professional development in AIEd; AI as a new 

discipline and learning subject; national AI policies and the role of education; societal, political, and 

economic implications of AI in education; and paradigms and future directions of AIEd. 

The findings highlight AI’s potential to enhance personalization, scalability, and real-time feedback 

in learning environments. At the same time, they expose critical tensions related to algorithmic bias, 

unequal access, and the potential deskilling of educators. These insights emphasize the need for AIEd 

implementation that is pedagogically sound, ethically responsible, and human-centered. 

Future research should investigate the long-term effects of AIEd on student learning outcomes, 

teacher agency, and policy development—especially in underserved or low-resource contexts. As AI 

continues to evolve, this review underscores the urgent need for interdisciplinary collaboration and 

proactive governance to ensure that AI contributes meaningfully, equitably, and responsibly to the future 

of education. 

 

Recommendations 

 Based on the synthesis of 100 peer-reviewed studies on Artificial Intelligence in Education (AIEd) 

from 2021 to 2025, the following recommendations are proposed for educators, policymakers, researchers, 

and technology developers: 
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1. Invest in Teacher Capacity and AI Pedagogy 
 Education systems should prioritize sustained professional development to equip teachers with 

the skills and confidence to integrate AI meaningfully. Training must go beyond technical tool use 

and focus on critical AI literacy, instructional design, and ethical implementation. 

2. Establish Ethical and Regulatory Frameworks 
 To address risks such as algorithmic bias, surveillance, and data privacy violations, educational 

institutions and governments must adopt clear, enforceable guidelines for the ethical use of AI in 

schools. These frameworks should promote transparency, accountability, and data protection. 

3. Promote Inclusive and Equitable Access 
 Policymakers and technology providers should address disparities in infrastructure, digital 

literacy, and access to AI-powered tools—especially in underserved or marginalized communities. 

Equity must be a core principle in all AIEd initiatives. 

4. Design Student-Centered AI Systems 
 AI applications should be co-developed with input from educators and learners to ensure 

alignment with pedagogical goals. These systems must support—not replace—student agency, critical 

thinking, and collaborative learning. 

5. Support Ongoing Interdisciplinary Research 

 There is a need for longitudinal, cross-contextual research on the impacts of AIEd on learning         

       outcomes, teacher roles, curriculum evolution, and broader sociocultural dynamics. Collaboration   

       among educators, technologists, ethicists, and social scientists is essential. 

6. Encourage Responsible Innovation 
 Developers should adopt human-centered design practices that foreground educational value, 

inclusivity, and explainability. Innovations in generative AI and adaptive learning must be 

continuously evaluated in real-world educational settings. 

7. Embed AI Literacy in Curriculum 
 AI literacy should be integrated as a core competency across all levels and disciplines. Students  

       must learn not only how to use AI tools, but also how to critically assess their limitations, biases, and  

       broader societal implications. 

 By adopting these recommendations, stakeholders can help ensure that AIEd is harnessed to enrich  

       learning experiences, empower educators, and foster a more just, inclusive, and forward-looking  

       education system. 
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