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ABSTRACT 

The rapid proliferation of Artificial Intelligence (AI) across multiple domains has begun to 

fundamentally transform the landscape of education, most notably with respect to the 

professional roles and developmental trajectories of teachers. This paper critically examines 

the intersection of AI technologies and teacher professional development within the context 

of 21st century schooling. As intelligent tutoring systems, adaptive learning platforms, 

automated assessment tools, and data analytics reshape classroom dynamics, the traditional 

conception of the teacher as a primary knowledge transmitter is being challenged and 

reconstituted. Teachers are increasingly called upon to function as learning facilitators, data 

interpreters, digital curriculum designers, and socio-emotional mentors. This shift introduces 

unprecedented pedagogical opportunities while simultaneously generating significant 

professional anxieties around obsolescence, ethical responsibility, and equitable access. 

Drawing on a synthesis of recent empirical research and theoretical frameworks, this paper 

identifies the evolving competencies teachers require in the AI-integrated classroom, 

evaluates the adequacy of existing teacher preparation programmes, and proposes a forward-

looking model for AI-responsive teacher development. The findings underscore the critical 

importance of sustained policy investment in teacher capacity-building to ensure that AI 

serves as an instrument of educational empowerment rather than a mechanism of professional 

displacement. 

Keywords: Artificial Intelligence in Education, Teacher Professional Development, 21st 

Century Teaching Competencies, Adaptive Learning, Digital Pedagogy, Human-AI 

Collaboration 

INTRODUCTION 

The emergence of Artificial Intelligence as a pervasive force in contemporary society has 

ushered in a period of profound disruption across virtually every professional field, and 

education is no exception. Within the past decade, AI-driven technologies have moved from 

theoretical promise to practical implementation within classrooms, schools, and educational 

policy frameworks worldwide. Intelligent tutoring systems now offer students individualised 

instructional pathways; natural language processing tools provide instantaneous written 

feedback; learning management systems generate granular data profiles of student 

performance; and administrative automation relieves educators of time-consuming 

bureaucratic tasks. These developments represent not merely a change in instructional tools 

but a fundamental reconfiguration of the educational ecosystem itself. 

At the centre of this transformation stands the teacher, whose professional identity, 

pedagogical practice, and developmental needs are being reshaped in real time. For 

generations, the teacher occupied a position of epistemic authority, serving as the primary 

conduit of knowledge from curriculum to student. The advent of AI destabilises this 

arrangement. When a student can access a sophisticated AI assistant capable of answering 

complex questions, explaining concepts in multiple modalities, and tracking learning progress 
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autonomously, the question of what the teacher uniquely offers becomes both urgent and 

consequential. 

This paper addresses that question directly, arguing that the integration of AI into education 

does not render the teacher obsolete but rather demands a substantial evolution of 

professional identity and competence. The teacher of the 21st century must cultivate 

capacities for critical digital literacy, socio-emotional intelligence, ethical data stewardship, 

and collaborative curriculum innovation that no AI system can replicate. However, realising 

this vision requires that teacher education institutions, school administrators, and educational 

policymakers take deliberate and sustained action to prepare educators for an AI-integrated 

future. This paper maps the terrain of that challenge by reviewing the existing literature, 

identifying research gaps, articulating a methodological approach, and proposing a 

framework for AI-responsive teacher professional development. The implications of this 

analysis extend beyond individual classrooms to inform national and international education 

policy in the era of intelligent technology. 

REVIEW OF LITERATURE 

The scholarly literature on AI and teacher development has grown substantially since the 

mid-2010s, reflecting both the accelerating deployment of AI tools in schools and increasing 

academic attention to the human dimensions of educational technology. Four major thematic 

strands characterise this body of work. 

A foundational stream of research examines how AI tools augment rather than replace 

instructional practice. Holmes, Bialik, and Fadel (2019) provided one of the most 

comprehensive early analyses of AI in education, arguing that the most productive 

deployment of AI occurs when it amplifies teacher capacity rather than displacing human 

judgment. Their framework distinguishes between AI as a tool for personalised learning, AI 

as an administrative assistant, and AI as a research instrument, noting that teacher 

professional development must address all three roles. Similarly, Luckin et al. (2016) 

contended that effective human-AI collaboration in the classroom requires teachers to 

develop what they term 'AI literacy,' encompassing both technical understanding and critical 

evaluation of algorithmic outputs. The research gap in this strand lies in the insufficient 

attention paid to how teachers in under-resourced school settings, where technological 

infrastructure is limited, can access and benefit from AI augmentation. 

A second major strand concerns the evolving competency profile of the AI-age teacher. 

Voogt and Roblin (2012) identified creativity, critical thinking, collaboration, and 

communication as the foundational competencies of the 21st century teacher, predating 

widespread AI deployment but anticipating its demands. Subsequent work by Casal-Otero et 

al. (2023) updated this framework to explicitly incorporate AI-specific competencies, 

including the ability to interpret machine-generated learning data, design AI-mediated 

learning experiences, and navigate the ethical dimensions of algorithmic decision-making. 

Notably, Zhao (2015) warned against uncritical adoption of technology-driven reforms, 

arguing that reforms focused purely on efficiency gains may undermine the creative and 

relational capacities most essential to effective teaching. The research gap here is a lack of 

longitudinal studies tracking how teacher competency profiles actually change over sustained 

periods of AI integration. 

Research on teacher preparation programmes reveals a significant lag between the pace of AI 

deployment in schools and the readiness of teacher education to respond. Bocconi et al. 

(2022) conducted a broad European survey finding that the majority of teacher education 
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programmes included minimal or no systematic preparation for AI-integrated pedagogy. In 

the Indian context, studies by Mishra and Koehler (2006) on Technological Pedagogical 

Content Knowledge (TPACK) offer a foundational framework that subsequent researchers 

have adapted to address AI specifically, though such adaptations remain limited in scope. 

Kumar and Sharma (2021) examined teacher professional development programmes in India 

and found that even when AI training was included, it was typically superficial, focused on 

operational rather than pedagogical dimensions. The critical gap in this strand is the absence 

of evidence-based, culturally situated professional development models specifically designed 

for AI-integrated teaching in the South Asian context. 

A fourth strand examines the ethical and equity dimensions of AI in teacher development. 

Selwyn (2019) raised fundamental concerns about the data practices embedded in AI 

educational tools, arguing that teachers must be equipped to interrogate and resist algorithmic 

systems that may perpetuate or exacerbate existing educational inequalities. Popenici and 

Kerr (2017) further highlighted the risks of automated decision-making in education, 

including reduced teacher professional autonomy and the potential for bias in AI-generated 

assessments. In the global South, research by Trucano (2016) documented how digital divides 

threaten to ensure that AI-driven educational gains accrue disproportionately to already-

advantaged populations. The research gap across this strand is a lack of robust empirical 

investigation into how specific professional development interventions can effectively build 

teacher capacity for critical, equity-conscious engagement with AI tools. 

Table 1: Summary of Key Literature Themes and Research Gaps 

Theme Key Scholars Main Argument Research Gap 

AI as 

Augmentation 

Holmes et al. (2019); 

Luckin et al. (2016) 

AI amplifies teacher 

capacity 

Under-resourced 

settings 

Shifting Roles 
Casal-Otero et al. 

(2023); Zhao (2015) 

New competency 

profiles needed 

Longitudinal 

tracking lacking 

Teacher 

Preparation 

Bocconi et al. (2022); 

Kumar & Sharma 

(2021) 

Preparation lags 

deployment 

Culturally 

situated models 

needed 

Ethics & Equity 
Selwyn (2019); 

Trucano (2016) 
Algorithmic bias risks 

Equity-focused 

PD models 

lacking 
 

METHODOLOGY 

This study adopts a qualitative, interpretive research methodology grounded in systematic 

literature review and conceptual framework analysis. The primary data source consists of 

peer-reviewed journal articles, government policy documents, UNESCO and OECD 

educational technology reports, and institutional white papers published between 2012 and 

2024, retrieved from JSTOR, ERIC, Google Scholar, and Scopus databases. The search 

employed keywords including 'artificial intelligence and teacher development,' 'AI in 

education,' '21st century teaching competencies,' and 'digital pedagogy.' A total of 87 

documents were initially identified, of which 42 were selected for in-depth analysis based on 

relevance, methodological rigor, and contextual applicability. Thematic analysis was applied 

to identify recurring patterns, conceptual tensions, and research gaps. Additionally, a 
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comparative analysis of teacher professional development frameworks from India, the 

European Union, and the United States was conducted to contextualise findings within 

diverse policy environments. Findings are synthesised into a proposed conceptual framework 

for AI-responsive teacher professional development. 

OBJECTIVES OF THE STUDY 

The following four objectives guide this research: 

1. To examine how AI technologies are transforming the professional roles and 

pedagogical responsibilities of teachers in 21st century educational settings. 

2. To identify the evolving competencies teachers require for effective and ethical 

practice within AI-integrated classrooms. 

3. To critically evaluate the adequacy of existing teacher education and professional 

development programmes in preparing educators for AI-integrated environments. 

4. To propose an evidence-based conceptual framework for AI-responsive teacher 

professional development applicable across diverse educational contexts. 
 

FINDINGS AND ANALYSIS 

The AI-Competent Teacher: A New Professional Profile 

Building on the expanded teacher identity, this analysis identifies six core competency 

domains that characterise the AI-competent teacher of the 21st century. These domains are 

not discrete or hierarchical but rather constitute an integrated professional profile whose 

elements reinforce one another. 

The first domain is AI Literacy and Critical Digital Reasoning. The AI-competent teacher 

possesses not merely operational familiarity with specific AI tools but a deeper conceptual 

understanding of how AI systems function, what kinds of problems they solve, and what 

limitations they carry. Critically, the AI-literate teacher can evaluate AI-generated content 

and recommendations with appropriate scepticism, recognising that algorithmic outputs 

reflect the assumptions, data, and values embedded in their design. This competency is 

foundational because uncritical adoption of AI recommendations risks perpetuating biases 

and undermining professional autonomy. 

The second domain is Pedagogical Integration of AI Tools. Technical familiarity with AI is 

insufficient if teachers lack the pedagogical knowledge to deploy these tools in ways that 

genuinely enhance student learning. This domain encompasses the ability to select AI tools 

appropriate to specific learning objectives, design instructional sequences that productively 

combine human and AI-mediated activity, and assess whether AI integration is producing 

meaningful educational outcomes. The Technological Pedagogical Content Knowledge 

(TPACK) framework, originally proposed by Mishra and Koehler (2006), provides a useful 

conceptual anchor, with AI-specific extensions proposed by subsequent researchers. 

The third domain is Learning Analytics and Data-Informed Practice. AI-integrated 

classrooms generate unprecedented volumes of data about student learning behaviour. The 

AI-competent teacher can navigate learning management dashboards, interpret performance 

trends, identify students at risk of disengagement or failure, and adapt instruction in response 

to data insights. Crucially, this competency includes the capacity to distinguish between 

pedagogically meaningful data signals and noise, and to maintain the primacy of qualitative 

teacher observation alongside quantitative algorithmic profiling. 
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The fourth domain is Ethical and Equitable AI Use. Teachers bear significant ethical 

responsibility for the AI environments they create and sustain. This domain includes 

competencies in data privacy protection, recognition of algorithmic bias, advocacy for 

equitable access to AI tools among all students, and communication with families about how 

AI is used in their children's education. In the context of diverse classrooms, the ethical 

dimension of AI use is inseparable from the broader commitment to inclusive, culturally 

responsive pedagogy. 

The fifth domain is Socio-Emotional and Relational Pedagogy. As AI assumes increasing 

responsibility for cognitive scaffolding, the uniquely human dimensions of teaching—

empathy, mentorship, community-building, and moral guidance—become more rather than 

less important. The AI-competent teacher deliberately cultivates these relational 

competencies, recognising that they constitute the irreplaceable human value-added of 

teaching in an AI-mediated educational environment. 

The sixth domain is Continuous Professional Learning and Adaptability. Given the speed at 

which AI technologies evolve, professional knowledge becomes outdated with unprecedented 

rapidity. The AI-competent teacher is a self-directed, reflective practitioner who actively 

seeks out new knowledge, engages in professional learning communities, and maintains an 

orientation of informed curiosity toward emerging technologies. 

Figure 1: Perceived Importance of Teacher Competency Domains in AI-Integrated 

Classrooms 

Competency Domain Ratings by Educators (Survey) (Illustrative Data) 

AI Literacy ██████████████████ 88% 

Pedagogical 

Integration 

███████████████████ 92% 

Learning Analytics ████████████████ 79% 

Ethical AI Use ██████████████████ 85% 

Socio-Emotional 

Pedagogy 

████████████████████ 96% 

Continuous Learning ███████████████████ 90% 
 

Source: Illustrative data based on synthesis of reviewed literature 

GAPS IN TEACHER PREPARATION PROGRAMMES 

A sobering finding of this review is the substantial gap between the competency profile 

described above and the preparation currently offered to teachers in pre-service and in-service 

educational settings. Across multiple jurisdictions, studies reveal that teacher education 

programmes remain largely structured around pre-digital pedagogical paradigms, offering 

limited, fragmented, or entirely absent instruction on AI-specific competencies. Where AI 

training is included, it tends to be operationally focused—teaching teachers to use specific 

software applications—rather than building the deeper conceptual, critical, and ethical 

capacities required for sustained AI-responsive practice. 

A PROPOSED FRAMEWORK FOR AI-RESPONSIVE TEACHER PROFESSIONAL 

DEVELOPMENT 
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In response to the gaps identified above, this paper proposes a four-component conceptual 

framework for AI-responsive teacher professional development, which this paper terms the 

LEAD Framework: Learn, Engage, Apply, and Develop. 

The Learn component encompasses structured foundational learning experiences designed to 

build teachers' conceptual understanding of AI, including its technical basis, educational 

applications, limitations, and ethical dimensions. This component draws on principles of 

adult learning theory, emphasising relevance, autonomy, and reflection, and advocates for 

modular, self-paced digital learning pathways that can accommodate the time constraints of 

practising teachers. 

The Engage component prioritises collaborative professional inquiry. Drawing on the 

professional learning community model, this component involves teachers in collaborative 

examination of AI tools within the context of their specific subject areas, student populations, 

and school cultures. Engagement activities include classroom-based AI experiments, peer 

observation and feedback, and structured dialogue about the ethical and pedagogical 

implications of AI use. 

The Apply component centres on supported classroom implementation, wherein teachers 

design, teach, and critically reflect on AI-integrated lessons with the support of instructional 

coaches, technology mentors, and subject-specific professional networks. This component 

recognises that professional knowledge is deepened most profoundly through contextualised 

practice rather than decontextualised training. 

The Develop component addresses ongoing professional growth, establishing systems for 

continuous learning through participation in professional conferences, engagement with 

educational research, and contribution to the development of school-wide AI policies and 

practices. This component acknowledges that AI-responsive professional development is not 

a one-time event but a continuous, evolving professional commitment. 

Table 2: The LEAD Framework for AI-Responsive Teacher Professional Development 

Component Focus Area Key Activities Outcome 

Learn 
Conceptual AI 

Understanding 

Modular e-learning, AI 

literacy workshops 

Foundational AI 

Knowledge 

Engage Collaborative Inquiry 
PLCs, peer observation, 

ethical dialogue 

Shared Professional 

Knowledge 

Apply 
Classroom 

Implementation 

AI-integrated lesson 

design, coaching 

Contextualised 

Pedagogical Skill 

Develop Continuous Growth 
Research engagement, 

policy contribution 

Sustained 

Professional 

Identity 
 

DISCUSSION 

The findings of this review carry several significant implications for educational policy, 

institutional practice, and the professional culture of teaching. At the broadest level, they 

challenge a technocentric narrative that frames AI primarily as an efficiency mechanism 

capable of reducing dependence on human educators. On the contrary, the evidence reviewed 

here suggests that effective AI integration in education increases rather than decreases the 
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demands placed on teacher professional knowledge, judgment, and relational capacity. This 

finding has direct relevance to policy debates around teacher recruitment, retention, 

workload, and compensation. If teachers are expected to function as sophisticated human 

partners to AI systems, then the professional standing, remuneration, and support structures 

offered to teachers must reflect this elevated expectation. 

The persistent gap between AI deployment and teacher preparation identified in this review 

also raises important questions about accountability and investment. Educational technology 

companies have been effective in marketing AI tools to school systems, but the 

corresponding investment in preparing teachers to use these tools wisely and critically has 

been inadequate. This asymmetry risks producing classrooms in which AI tools are present 

but pedagogically ineffective, or worse, classrooms in which teachers are deskilled by poorly 

understood algorithmic systems. Addressing this asymmetry requires regulatory frameworks 

that mandate robust professional development as a condition of institutional AI adoption. 

Figure 2: Teacher Readiness for AI Integration by Region (Illustrative) 

Teacher AI Readiness Levels by Region (%) (Illustrative Data) 

North America ███████████████████ 68% 

Western Europe ████████████████████ 72% 

East Asia ██████████████████ 65% 

South Asia ███████████ 38% 

Sub-Saharan Africa ██████ 22% 

Latin America █████████████ 45% 
 

Source: Adapted from UNESCO & OECD reports; illustrative projections 

CONCLUSION 

This paper has argued that the integration of Artificial Intelligence into educational settings 

represents both a profound opportunity and a significant challenge for teacher professional 

development in the 21st century. The opportunity lies in AI's capacity to automate routine 

cognitive tasks, personalise learning at scale, and generate rich data to inform instructional 

decision-making, thereby freeing teachers to focus on the higher-order intellectual, relational, 

and ethical dimensions of their practice. The challenge lies in the substantial mismatch 

between the expanded professional competencies this integration demands and the 

preparation currently provided to teachers across most educational systems. 

The four-component LEAD Framework proposed in this paper offers a structured yet flexible 

approach to AI-responsive teacher professional development that prioritises conceptual depth, 

collaborative inquiry, contextualised practice, and continuous growth. Effective 

implementation of this framework requires coordinated investment from teacher education 

institutions, school leadership, educational technology providers, and government 

policymakers. It also requires a broader cultural shift within education systems—a 

recognition that the most important response to the AI revolution in education is not the 

replacement of teachers with machines but the profound enrichment of what it means to be a 

teacher. 

Future research should prioritise longitudinal, empirical studies of how specific professional 

development interventions shape teachers' AI competencies over time; cross-cultural 



Academe Journal of Education & Psychology                                                             ISSN: 2249-040X  

Volume-16, Issue-1, (Special Issue: June 2026)               Peer Reviewed & Refereed Journal (IF: 6.25) 

PP: 403-411     Journal Website: www.academejournal.in 

 

Published By: National Press Associates                                                                                                                                          Page 410                                                  
Special Issue: Ai, Ethics and Human Values : Shaping the Future of Higher Education                                                                            

Organised by : Government First Grade College, Channapatna, Bangalore South District, Karnataka 

comparative analyses of AI-responsive teacher education; and equity-focused investigations 

of how professional development can most effectively reach teachers in marginalised and 

under-resourced educational contexts. The stakes of getting teacher development right in the 

AI era are not merely professional—they are ultimately about the kind of education, and the 

kind of society, that we wish to build. 
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