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The integration of artificial intelligence (AI) in early childhood education (ECE) 
presents new opportunities for enhancing inclusive pedagogy, particularly for 
children with special educational needs (SEN). However, existing approaches 
often prioritize technological efficiency over developmental, pedagogical and 
ethical considerations. This study proposes a human-centered AI framework for 
inclusive ECE pedagogy that positions AI as a supportive, teacher-mediated tool 
rather than a replacement for human interaction. Drawing on Inclusive 
Education Theory, Universal Design for Learning, Human-Centered AI, Child 
Development Theory, Sociocultural Theory and Assistive Technology Theory, 
the study develops a conceptual model linking human-centered principles, AI 
technologies, inclusive pedagogy, teacher mediation, developmental needs, 
SEN support and learning outcomes. The framework highlights that effective AI 
integration depends on alignment with human values, teacher expertise, and 
developmental appropriateness. This study contributes theoretically by offering 
a comprehensive model to guide research, policy and practice in responsible AI 
implementation in inclusive ECE. 
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1. Introduction 

 
The rapid advancement of artificial intelligence (AI) has reshaped education across all levels, 

including early childhood education (ECE), where digital tools, adaptive technologies, and intelligent 
systems are increasingly used to support teaching and learning [16, 24]. AI applications such as 
personalized learning platforms, speech recognition, predictive analytics, and assistive technologies 
have shown potential to enhance teaching effectiveness and support diverse learners [49, 50]. In ECE, 
these tools may assist teachers in providing individualized instruction, monitoring developmental 
progress, and creating inclusive environments that respond to children's varied needs [29, 45]. 
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However, the integration of AI also raises pedagogical, ethical, and developmental concerns, 
particularly for young children with special education needs (SEN), who require responsive, human-
centered, and developmentally appropriate instruction [15, 17]. 

Inclusive education is a global priority that emphasizes equal participation for all children, 
regardless of ability, disability, or developmental differences [3, 45]. In ECE, inclusive pedagogy is 
especially important because children are developing rapidly across cognitive, social, emotional, and 
language domains [34, 9]. Children with SEN, including those with autism spectrum disorder, speech 
and language delays, sensory impairments, learning disabilities, or developmental disorders, often 
require individualized strategies, continuous teacher guidance, and emotionally responsive 
interactions [2, 12]. Yet, many ECE teachers face challenges in implementing inclusive practices due 
to limited training, insufficient resources, large class sizes, and lack of specialized support [13, 19]. 

AI has been proposed as a promising support mechanism for addressing these challenges 
through adaptive instruction, real-time feedback, and assistive learning tools [17, 6]. AI-powered 
systems can help teachers monitor progress, adjust learning activities, and provide alternative 
representations of content based on children's needs [24, 16]. For example, text-to-speech tools may 
support children with reading difficulties, visual recognition systems may assist learners with 
communication challenges, and adaptive platforms may personalize learning pace [50, 29]. In special 
education, AI-based assistive technology can improve accessibility and participation in inclusive 
classrooms [29, 44]. 

Nevertheless, AI in ECE and SEN should not be treated as a purely technological solution. 
Young children learn through play, social interaction, emotional connection, and guided 
participation, which cannot be fully replaced by automated systems [11, 43]. Overreliance on AI may 
weaken teacher–child relationships and reduce meaningful interaction. AI may also create ethical 
risks, including bias, privacy concerns, and unequal access, especially for vulnerable learners [15, 44]. 

Therefore, a human-centered AI framework is needed to guide inclusive ECE pedagogy. 
Human-centered AI emphasizes that technology should support human values, ethical principles, and 
pedagogical goals rather than replace human roles [15, 40]. Teachers must remain central as 
mediators who interpret children's needs, guide learning, and ensure that AI supports well-being, 
participation, and equity [46, 14]. This paper proposes a conceptual framework integrating human-
centered AI, inclusive pedagogy, child development theory, and Universal Design for Learning to 
support children with SEN. The framework offers theoretical guidance for researchers, educators, 
and policymakers seeking to implement AI responsibly while preserving the relational, 
developmental, and ethical foundations of ECE. 
 
2. Literature Review 
2.1 Inclusive Pedagogy In Early Childhood Education 
 

Inclusive pedagogy is a central principle in early childhood education (ECE), reflecting global 
commitments to equitable learning for all children regardless of ability, disability, or developmental 
differences [38, 45]. It views diversity as a natural feature of learning environments and requires 
teaching practices that support all learners within shared classrooms rather than separating children 
with SEN [4, 22]. In ECE, this is especially important because young children undergo rapid cognitive, 
social, emotional, and language development [39]. Children with SEN may require individualized 
instruction, differentiated materials, and continuous teacher guidance to participate meaningfully 
[42, 20, 18]. However, teachers often face limited training, support, and resources [13]. UDL supports 
inclusion through multiple means of representation, engagement, and expression [48, 36]. 
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2.2 AI in Education and Special Education 
 

AI has become a powerful tool for teaching and learning through adaptive instruction, 
intelligent tutoring systems, and data-driven decision making [16, 24]. By analysing learner 
behaviour, providing real-time feedback, and personalizing content, AI is relevant to inclusive 
education, where learners have diverse abilities and learning styles [50]. In ECE, AI tools can monitor 
developmental progress, support language learning, and create interactive learning experiences [23]. 
In SEN contexts, AI functions as assistive technology through speech-to-text applications, visual 
recognition systems, and adaptive platforms that adjust task difficulty [7]. Learning analytics also help 
teachers identify difficulties early and design responsive interventions [21]. However, AI use in ECE 
must remain cautious because young children learn through play, relationships, and social 
interaction, while AI may raise concerns about overreliance, bias, privacy, and unequal access [11, 
35, 15, 45]. 

 
2.3 Human-Centered AI in Education 
 

Human-centered AI ensures that technology supports human values, ethical principles, and 
social needs [40, 15]. In education, it emphasizes that AI should enhance teaching and learning 
without replacing teachers or reducing meaningful human interaction [17]. This is especially 
important in ECE, where learning depends on emotional support, social engagement, and guided 
participation [25]. A human-centered approach keeps teachers central as mediators who interpret 
children's needs and decide how AI should support learning [24]. Rather than replacing educators, AI 
should help adapt instruction, monitor progress, and provide individualized guidance [17]. In 
inclusive classrooms, this supports accessibility while maintaining responsiveness to children with 
SEN. Ethical AI must also promote fairness, transparency, learner rights, developmental 
appropriateness, cultural sensitivity, and pedagogical alignment [15, 45]. 
 
2.4 Research Gap and Demand for a Conceptual Framework 
 

Although AI in education has expanded rapidly, most studies focus on higher education or 
general schooling, with limited attention to ECE [50]. Research on inclusive ECE pedagogy also rarely 
explains how emerging technologies can support children with SEN in developmentally appropriate 
ways [13]. Existing AI studies often emphasize technical functions while overlooking pedagogical 
theory, teacher mediation, and ethical implications. Consequently, no comprehensive framework 
currently integrates human-centered AI, inclusive pedagogy, and early childhood special education. 
This study addresses the gap by proposing a human-centered AI framework to guide responsible, 
inclusive, and developmentally appropriate AI use for children with SEN. 
 
3. Theoretical Foundations 
 

The development of a human-centered AI framework for inclusive ECE pedagogy requires a 
strong theoretical foundation that integrates perspectives from inclusive education, learning 
sciences, developmental psychology, human-centered technology and assistive technology. Teaching 
young children with SEN involves complex interactions between developmental readiness, social 
engagement, instructional adaptation and technological support. Therefore, no single theory is 
sufficient to explain how AI might be effectively used in inclusive ECE classrooms. This study draws 
on Inclusive Education Theory, Universal Design for Learning (UDL), Human-Centered Artificial 
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Intelligence Theory, Child Development Theory, Sociocultural Theory and Assistive Technology 
Theory to provide a comprehensive foundation for the proposed conceptual framework. 
 
3.1 Inclusive Education Theory 
 

Inclusive Education Theory provides a foundation for designing teaching that accommodates 
diverse learners within shared environments. It emphasizes that all children, regardless of ability, 
have the right to participate in meaningful learning, requiring systems to adapt to learner diversity 
rather than the reverse [45, 37, 5]. In ECE, inclusive pedagogy involves flexible strategies, 
differentiated instruction, and supportive environments enabling children with special educational 
needs to learn alongside peers [10]. Teachers play a central role in interpreting needs and facilitating 
participation. While AI can support personalization, inclusive education remains fundamentally 
human-centered, relying on relationships, empathy, and professional judgment [26]. 
 
3.2 Universal Design for Learning (UDL) 
 

Universal Design for Learning (UDL) extends inclusive education by offering a framework for 
designing accessible learning environments from the outset [48]. It is based on three principles: 
multiple means of representation, engagement, and expression, enabling flexible teaching and 
diverse communication [36]. In ECE, UDL supports play-based and differentiated learning suited to 
varied developmental needs [27]. AI might enhance UDL by enabling adaptive content, multimodal 
support, and personalized feedback [16]. However, technology must remain aligned with pedagogical 
goals, ensuring a human-centered and developmentally appropriate approach. 
 
3.3 Human-Centered AI Theory 
 

Human-centered AI provides the ethical and technological basis for integrating AI into 
education by emphasizing support for human capabilities, decision-making, and well-being rather 
than replacing human roles [40, 15]. In ECE, this approach is crucial as young children rely on social 
interaction, play, and guided learning [23]. Misuse of AI may reduce meaningful engagement and 
harm development. It also addresses risks such as bias, privacy and fairness, especially for children 
with SEN [44]. Thus, teachers must remain central, ensuring AI supports inclusive, developmentally 
appropriate pedagogy. 
 
3.4 Child Development Theory 
 

Child Development Theory explains how young children learn through exploration, social 
interaction, and gradual cognitive growth [31, 32, 33, 47]. Children with special educational needs 
may follow different developmental pathways, requiring individualized support and carefully 
designed learning experiences. Developmentally appropriate practice ensures teaching aligns with 
children's age, abilities, and context [30]. While AI might assist in monitoring progress and adapting 
instruction, teaching decisions must remain guided by professional knowledge. This highlights the 
importance of teacher mediation to ensure AI supports holistic development, including cognitive, 
social and emotional growth. 
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3.5 Sociocultural Theory 
 

Sociocultural theory, developed by Vygotsky [47], explains that learning occurs through social 
interaction and guided participation within meaningful contexts. Children develop knowledge 
through communication with more knowledgeable others, with the Zone of Proximal Development 
(ZPD) highlighting the importance of appropriate support. In inclusive early childhood classrooms, 
collaboration, dialogue, and teacher guidance are essential, especially for children with SEN who 
benefit from scaffolded instruction [41]. While AI might provide adaptive support, it cannot replace 
social interaction. A human-centered AI approach ensures technology supports, rather than replaces, 
teacher-guided learning within social contexts. 
 
3.6 Assistive Technology Theory 
 

Assistive Technology Theory explains how tools can support individuals with disabilities by 
improving access to learning and participation [21]. In education, assistive technologies include 
communication devices, adaptive software, and sensory supports that help learners overcome 
barriers [28]. AI enhances these tools by enabling more personalized and responsive support. In early 
childhood special education, such technologies assist communication, understanding, and 
engagement [8]. However, effective use requires teacher knowledge and alignment with pedagogical 
goals [1]. Thus, AI should function as a supportive tool within inclusive pedagogy, guided by teachers 
who understand both technology and child development. 
 
3.7 Integration of Theoretical Foundations 
 

The theories discussed provide complementary perspectives forming the foundation of the 
proposed framework. Inclusive Education Theory emphasizes equitable participation, Universal 
Design for Learning supports flexible instruction, Human-Centered AI ensures ethical technology use, 
Child Development Theory guides age-appropriate practice, Sociocultural Theory highlights 
interaction and Assistive Technology Theory supports learners with SEN. Integrating these 
perspectives, the study proposes that AI should be applied within a human-centered pedagogical 
approach where teachers remain central and learning environments stay inclusive. Technology 
functions as a supportive tool for adaptive instruction, ensuring developmentally appropriate, 
inclusive, and effective teaching for children with SEN. 
 
4. Conceptual Framework Development 
 

The proposed conceptual framework explains how human-centered AI can support inclusive 
early childhood education (ECE) pedagogy for children with special educational needs (SEN). It 
addresses a key literature gap by offering conceptual guidance on how AI may be integrated into ECE 
in ways that are inclusive, developmentally appropriate, and ethically grounded. The model positions 
AI not as an independent instructional force, but as a teacher-mediated pedagogical support system 
shaped by dignity, inclusion, fairness, well-being, and equity. 

The framework begins with human-centered principles that guide ethical AI use and ensure 
technology supports participation, teacher judgment, and relational learning. These principles inform 
the use of adaptive AI tools, including speech systems, learning analytics, assistive technologies, and 
personalized platforms. AI then strengthens inclusive pedagogy by supporting multiple 
representations, engagement, accessibility, and individualized learning. 
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Teacher mediation is central since teachers select, interpret, and adapt AI tools according to 
children’s developmental needs and SEN support requirements. This ensures that AI remains 
responsive, inclusive, and context-sensitive rather than replacing human interaction. Ultimately, the 
framework proposes that when human-centered values, AI technologies, inclusive pedagogy, teacher 
mediation, developmental appropriateness, and SEN support are aligned, they can enhance 
engagement, communication, independence, emotional well-being, and holistic learning outcomes. 
 
5. The Proposed Conceptual Model 
 

To operationalize the theoretical assumptions, this study proposes a conceptual model of 
Human-Centered Artificial Intelligence for Inclusive Early Childhood Pedagogy. The model explains 
how AI can be integrated into ECE classrooms while remaining aligned with inclusive education, 
developmental appropriateness, and teachers’ professional roles. It positions human-centered 
values as the foundation, AI as a supportive tool, and teacher mediation as the mechanism for 
implementing inclusive pedagogy for children with SEN. The model links human-centered principles, 
AI technologies, inclusive pedagogy, teacher mediation, child development needs, SEN support, and 
learning outcomes, offering guidance for researchers, teachers, and policymakers. The model is 
illustrated in Figure 1. 

Figure 1 illustrates a conceptual model in which human-centered principles form the 
foundation for integrating AI into inclusive early childhood education. These principles—child dignity, 
inclusion, ethical responsibility, developmental appropriateness, participation, and emotional well-
being—ensure that AI is adopted not merely for efficiency, but to support children’s needs and 
preserve the relational nature of ECE. Guided by these values, AI technologies such as adaptive 
learning systems, speech recognition tools, communication applications, learning analytics, 
intelligent tutoring, and multimodal platforms function as supportive resources rather than teacher 
replacements. 

The model positions inclusive pedagogy as the central instructional domain where AI 
enhances flexibility, accessibility, differentiated instruction, and personalized feedback. However, 
meaningful implementation depends on teacher mediation. Teachers select, interpret, and adapt AI 
tools according to classroom realities, children’s behaviour, developmental readiness, and SEN-
related needs. Child development needs act as a filter to ensure AI remains age-appropriate and does 
not disrupt play, interaction, or exploration. SEN support involves individualized instruction, 
communication assistance, sensory accommodation, behavioural guidance, and accessible materials 
while maintaining shared classroom participation. 

Eventually, effective alignment among human-centered values, AI, inclusive pedagogy, 
teacher mediation, developmental needs, and SEN support leads to improved learning outcomes, 
including engagement, communication, independence, emotional well-being, participation, and 
holistic development. 
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Fig. 1. Human-Centered Artificial Intelligence Framework for Inclusive Early Childhood Pedagogy for Children 

with SEN 
 
 
 
6. Implications For Practice And Policy 
 

The proposed human-centered AI framework has significant implications for practice and 
policy in inclusive early childhood education (ECE), particularly for children with SEN. As AI becomes 
embedded in teaching, its use must remain aligned with inclusive pedagogy, developmental 
appropriateness, and ethical responsibility. The framework calls for collaboration among ECE 
teachers, SEN teachers, curriculum developers, and policymakers to ensure AI enhances inclusion 
rather than reinforces inequality. 

A key implication is teacher training. Educators need preparation not only in digital tool use 
but also in applying AI to inclusive pedagogy, as many teachers remain unprepared to integrate 
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technology for diverse learners [3]. Professional development should cover human-centered AI, child 
development, assistive technologies, teacher mediation, privacy, bias, and responsible data use [17]. 
The framework also supports ethical guidelines and curriculum reform. Policymakers should establish 
standards ensuring AI tools are transparent, accessible, fair, developmentally appropriate, and 
supportive of teacher decision-making [45]. Curriculum developers may integrate AI into play-based 
learning, communication activities, and assessment through Universal Design for Learning principles 
[36]. Inclusive policies should also address emerging technologies more clearly [13]. Overall, AI should 
strengthen individualized support and participation without replacing human interaction. 
 
7. Contributions To Theory 
 

This study contributes theoretically by proposing an integrated human-centered framework 
linking AI, inclusive pedagogy and ECE. It addresses gaps by showing how AI supports differentiated 
instruction, accessibility and participation while maintaining developmental appropriateness and 
ethical practice. The framework extends Universal Design for Learning through adaptive, multimodal 
and personalized AI-supported instruction. It also advances human-centered AI by emphasizing 
teacher mediation and preserving relational learning. Additionally, it offers a SEN-focused model that 
integrates assistive technology with inclusive pedagogy to support diverse learners. By synthesizing 
Inclusive Education, UDL, Human-Centered AI, Child Development, Sociocultural, and Assistive 
Technology theories, the study provides a comprehensive foundation. This integration offers a 
coherent model to guide future research, curriculum design and policy development. 
 
8. Future Research Directions 
 

Future research is needed to empirically validate and refine the proposed human-centered AI 
framework in inclusive ECE pedagogy. Quantitative studies using structural equation modeling can 
test relationships among AI use, teacher mediation, inclusive pedagogy and learning outcomes. 
Teacher-focused qualitative studies should explore educators’ perceptions, readiness and challenges. 
Classroom-based experiments can assess the effectiveness of AI-supported inclusive practices on 
participation and development. Cross-cultural studies are also important to examine contextual 
differences in implementation. Additionally, scale development is needed to measure key constructs 
such as teacher mediation and developmental appropriateness. Mixed-method approaches are 
recommended to capture the complexity of ECE. Finally, future research should prioritize empirical 
validation, teacher perspectives, and practical classroom applications. 
 
9. Conclusion 
 

This study proposed a human-centered AI framework for inclusive ECE pedagogy to support 
the teaching and learning of children with SEN. The framework integrates Inclusive Education Theory, 
Universal Design for Learning, Human-Centered AI, Child Development Theory, Sociocultural Theory, 
and Assistive Technology Theory to explain how AI can be used in ways that remain developmentally 
appropriate, ethically responsible and pedagogically meaningful. The model emphasizes that human-
centered principles should guide the use of AI, while teacher mediation plays a central role in 
adapting technology to support inclusive pedagogy and individual learning needs. By positioning 
artificial intelligence as a supportive tool rather than a replacement for teachers, the framework 
highlights the importance of balancing technological innovation with the relational and 
developmental nature of ECE. The proposed model contributes to theory by providing an integrated 
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perspective that connects AI, inclusion, and early childhood pedagogy and offers a foundation for 
future empirical research and responsible implementation in inclusive educational settings. 
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