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Introduction

Curriculum constitutes the foundation of educational systems because it determines the knowledge, skills, values, and competencies learners are expected to acquire. During the past decade, rapid technological advancement, globalization, labor market changes, and increasing societal complexity have compelled education systems worldwide to reconsider traditional curriculum approaches. Consequently, many countries have shifted from content-based and examination-oriented curricula toward competency-based curriculum (CBC) frameworks that emphasize the application of knowledge, critical thinking, creativity, collaboration, and problem-solving skills (OECD, 2024; UNESCO, 2023). Curriculum reform and curriculum transformation have therefore emerged as central educational priorities in primary and secondary education as governments seek to prepare learners for the demands of the twenty-first century (Fullan, 2020; OECD, 2024).

Curriculum is broadly defined as the totality of planned learning experiences designed and implemented by educational institutions to achieve desired learning outcomes. Contemporary curriculum theorists conceptualize curriculum as a dynamic process encompassing educational goals, content, pedagogy, learning experiences, and assessment practices rather than merely a collection of subjects or syllabi (Priestley et al., 2021). Curriculum serves not only as a means of knowledge transmission but also as a mechanism for developing social values, cultural identity, citizenship, and lifelong learning competencies (UNESCO, 2021). Modern curriculum frameworks increasingly emphasize learner-centered approaches that integrate cognitive, affective, social, and practical dimensions of learning (OECD, 2024).

The traditional curriculum model is rooted in behaviorist and essentialist educational philosophies that prioritize the transmission of established knowledge from teachers to learners. This approach is generally characterized by subject-centered instruction, standardized content, teacher-directed learning, and summative assessment systems (Schiro, 2019). Learning is often organized around predetermined content objectives, with teachers serving as the primary source of knowledge and students acting as recipients of information. Success is commonly measured through examinations that assess learners’ ability to recall and reproduce content knowledge (Print, 2020). Traditional curricula have historically contributed to academic standardization and content mastery; however, they have been criticized for inadequately fostering higher-order thinking skills and practical competencies required in contemporary society (OECD, 2020).

Several factors contribute to the persistence of traditional curriculum models. Historical educational traditions and centralized governance structures often favor content-based curricula because they facilitate standardization and accountability (Priestley et al., 2021). Examination-oriented educational systems also reinforce traditional approaches, as academic achievement and progression frequently depend on performance in standardized assessments (UNESCO, 2021). Teacher education programs may perpetuate conventional pedagogical practices when insufficient emphasis is placed on innovative instructional methods (Darling-Hammond et al., 2020). Furthermore, resource limitations, large class sizes, and societal expectations regarding discipline and academic rigor often encourage teacher-centered instructional approaches (Fullan, 2020).

Traditional curriculum models face numerous challenges in contemporary educational environments. One significant limitation is their emphasis on memorization and knowledge reproduction rather than the development of critical thinking, creativity, and problem-solving skills (OECD, 2020). Such approaches may encourage passive learning and limit opportunities for learner engagement and active knowledge construction (Priestley et al., 2021). Moreover, rigid subject boundaries often restrict interdisciplinary learning and the integration of real-world issues into classroom instruction. Traditional curricula may also inadequately address learner diversity because standardized instructional approaches frequently fail to accommodate varying learning needs, interests, and abilities (UNESCO, 2021). Consequently, concerns have emerged regarding the mismatch between traditional educational outcomes and contemporary labor market requirements (World Bank, 2023).

Competency-Based Curriculum (CBC) represents a learner-centered approach that emphasizes the acquisition and demonstration of competencies rather than the completion of prescribed content. Competencies are commonly defined as integrated combinations of knowledge, skills, attitudes, values, and dispositions that enable individuals to perform effectively in diverse contexts (Mulenga & Kabombwe, 2019). CBC shifts attention from instructional inputs to learning outcomes, focusing on what learners can do with what they know. Educational success is measured through demonstrated mastery of competencies rather than time spent in instruction (OECD, 2024). This approach aligns with contemporary perspectives emphasizing lifelong learning, adaptability, innovation, and active citizenship (UNESCO, 2023).

Competency-based curricula are distinguished by several key characteristics. First, learning outcomes are explicitly defined and aligned with expected competencies (Mulenga & Kabombwe, 2019). Second, instructional practices emphasize learner-centered pedagogies such as inquiry-based learning, collaborative learning, problem-based learning, and project-based learning (Darling-Hammond et al., 2020). Third, assessment focuses on authentic demonstrations of learning and competency mastery rather than solely on knowledge recall (OECD, 2020). Fourth, CBC promotes interdisciplinary learning and contextualized application of knowledge to real-life situations (UNESCO, 2021). Finally, the approach emphasizes the development of both cognitive and non-cognitive competencies, including communication, collaboration, creativity, digital literacy, and social responsibility (OECD, 2024).

The successful implementation of CBC depends upon multiple interrelated determinants. Policy commitment and effective educational leadership provide essential support for curriculum change processes (Fullan, 2020). Teacher competence is particularly critical because educators must possess the pedagogical knowledge and assessment skills necessary for learner-centered instruction (Darling-Hammond et al., 2020). Adequate resources, including teaching materials, technological infrastructure, and supportive learning environments, also significantly influence implementation outcomes (UNESCO, 2023). Professional development programs enable teachers to understand competency frameworks and translate curriculum intentions into effective classroom practices (Orodho et al., 2024). Furthermore, alignment among curriculum objectives, pedagogical strategies, and assessment systems is necessary to ensure coherence and effectiveness (OECD, 2020).

Despite its potential benefits, CBC implementation faces substantial challenges globally. Teacher preparedness remains one of the most significant concerns because many educators have limited experience with competency-based pedagogy and authentic assessment methods (Darling-Hammond et al., 2020). Resource constraints frequently impede implementation, particularly in developing countries where schools may lack sufficient instructional materials and technological support (UNESCO, 2023). Assessment practices often present difficulties because traditional examination systems may not adequately measure competency development (Mulenga & Kabombwe, 2019). Large class sizes, limited instructional time, and resistance to change among stakeholders further complicate implementation efforts (Orodho et al., 2024). These challenges indicate that successful curriculum innovation requires comprehensive systemic support and capacity-building initiatives.

Curriculum reform refers to deliberate efforts aimed at improving curriculum quality, relevance, effectiveness, and responsiveness to societal needs. Such reforms may involve modifications to educational objectives, content, pedagogy, assessment practices, or organizational structures (Print, 2020). Curriculum reforms are often motivated by concerns regarding educational quality, economic competitiveness, technological advancement, social equity, and workforce development (OECD, 2020). Contemporary reforms increasingly emphasize the integration of twenty-first-century skills, digital competencies, environmental sustainability, and global citizenship into educational programs (UNESCO, 2021). Effective curriculum reform requires stakeholder participation, evidence-based decision-making, adequate resources, and continuous monitoring and evaluation (Fullan, 2020).

Curriculum transformation involves more comprehensive and systemic changes than curriculum reform. While reform typically focuses on improving existing structures, transformation seeks to fundamentally reimagine educational purposes, processes, and outcomes (Fullan, 2020). Curriculum transformation is increasingly regarded as necessary in response to globalization, digitalization, artificial intelligence, climate change, and changing labor market demands (OECD, 2024). Transformative curriculum approaches emphasize flexibility, learner agency, competency development, inclusivity, and lifelong learning. Successful transformation requires coordinated changes in educational policy, teacher education, assessment systems, school culture, and institutional leadership (UNESCO, 2023).

In primary education, curriculum reform and transformation increasingly focus on foundational literacy, numeracy, social-emotional learning, creativity, and competency development (UNESCO, 2021). Learner-centered pedagogies are promoted to foster active engagement and meaningful learning experiences. In secondary education, reforms emphasize career readiness, digital competence, entrepreneurship, innovation, and critical thinking skills necessary for higher education and employment (OECD, 2020). However, implementation challenges such as teacher preparedness, assessment alignment, resource availability, and stakeholder resistance continue to affect the effectiveness of curriculum transformation efforts in both educational levels (Darling-Hammond et al., 2020; Orodho et al., 2024).

Competency-Based Curriculum (CBC): Conceptualization, Determinants, Challenges, and Implementation in Primary and Secondary Education

Competency-Based Curriculum (CBC) has emerged as one of the most influential educational reforms of the twenty-first century. Unlike traditional content-based curricula that primarily emphasize knowledge acquisition and examination performance, CBC focuses on the development and demonstration of competencies, including knowledge, skills, attitudes, values, and dispositions required for effective functioning in real-life contexts. The growing demands of globalization, technological advancement, labor-market transformation, and the knowledge economy have compelled education systems worldwide to reconsider conventional approaches to teaching and learning. Consequently, many countries have adopted CBC reforms to ensure that learners acquire transferable competencies such as critical thinking, creativity, communication, collaboration, problem-solving, digital literacy, and lifelong learning skills. The competency-based approach emphasizes mastery learning, learner-centered pedagogy, authentic assessment, and continuous progress based on demonstrated competence rather than merely time spent in classrooms (Miglani et al., 2026; Kang et al., 2025). 

The conceptual foundation of CBC originates from outcome-based education and constructivist learning theories, which view learning as an active process through which learners construct knowledge and develop capabilities through meaningful experiences. Competencies are generally defined as integrated combinations of knowledge, skills, values, attitudes, and behaviors that enable individuals to perform tasks successfully in diverse situations. In CBC, learning outcomes are explicitly articulated, and educational activities are organized around achieving those outcomes. Progression is determined by learners’ demonstrated mastery of competencies rather than by age, grade level, or instructional time alone. This approach shifts educational attention from what teachers teach to what learners can actually do with what they have learned. Consequently, assessment practices focus on authentic demonstrations of competence through projects, portfolios, practical activities, performance tasks, and continuous assessment strategies (Burnette, 2016; Miglani et al., 2026). 

A fundamental characteristic of CBC is its learner-centered orientation. Traditional curricula often rely on teacher-directed instruction, memorization, and standardized examinations. In contrast, CBC recognizes learners as active participants in knowledge construction and competency development. Teachers assume the role of facilitators, mentors, coaches, and guides who support learners in achieving clearly defined competencies. Learning activities emphasize inquiry, collaboration, reflection, experiential learning, and problem-solving. Learners are encouraged to apply knowledge in authentic contexts, thereby strengthening their ability to transfer learning across situations. Such pedagogical shifts align with contemporary educational theories emphasizing active engagement and meaningful learning experiences. Consequently, CBC seeks to prepare learners not merely for academic success but also for productive citizenship, employability, innovation, and lifelong learning in rapidly changing societies (Miglani et al., 2026; El Mansouri et al., 2025). 

Several determinants influence the successful design and implementation of competency-based curricula. One major determinant is educational policy and governance. Effective CBC implementation requires coherent policy frameworks that clearly define competencies, learning standards, assessment systems, teacher roles, and institutional responsibilities. Governments must establish supportive legislative and regulatory mechanisms to guide curriculum reform processes. Strong political commitment, adequate financing, and effective coordination among educational stakeholders are equally important. Educational authorities must ensure alignment between curriculum objectives, teacher education programs, instructional materials, and assessment frameworks. In many successful CBC reforms, sustained governmental support and strategic planning have facilitated implementation, whereas weak policy coherence has often contributed to implementation difficulties and inconsistent outcomes across schools and regions (El Mansouri et al., 2025; Kang et al., 2025). 

Teacher competence constitutes another critical determinant of CBC success. Since competency-based approaches require substantial pedagogical transformation, teachers must possess adequate knowledge and skills regarding learner-centered instruction, competency assessment, differentiated learning, and curriculum adaptation. Professional development programs play a crucial role in preparing teachers for these responsibilities. Teachers need continuous opportunities to develop expertise in designing competency-oriented learning activities, facilitating collaborative learning, and assessing learner performance authentically. Research consistently demonstrates that inadequate teacher preparation significantly undermines curriculum implementation. Many educational reforms fail because teachers receive limited training or insufficient practical guidance regarding classroom application of competency-based principles. Therefore, investment in comprehensive teacher professional development remains central to effective CBC implementation (UNESCO-IICBA, 2024; Kisii, Areba, & Obuba, 2024). 

Learning resources and infrastructure also serve as important determinants of CBC implementation. Competency development often requires access to diverse instructional materials, digital technologies, laboratories, libraries, workshops, and practical learning environments. Learner-centered pedagogies frequently depend on project-based activities, collaborative learning spaces, and technological resources that support inquiry and creativity. Inadequate infrastructure limits opportunities for experiential learning and authentic assessment. Furthermore, access to appropriate textbooks and teaching materials aligned with competency frameworks significantly influences implementation quality. Educational systems that provide sufficient instructional resources are generally better positioned to achieve curriculum objectives than systems characterized by resource scarcity and infrastructural deficiencies (UNESCO-IICBA, 2024; Gichurur, 2024). 

Assessment systems represent another major determinant. CBC requires alignment between intended competencies and assessment practices. Traditional examinations that prioritize factual recall often conflict with competency-oriented learning objectives. Effective CBC implementation necessitates the use of formative assessment, performance-based evaluation, portfolios, projects, observations, and authentic assessment methods capable of measuring complex competencies. Assessment systems should provide continuous feedback that supports learner growth and mastery. Misalignment between curriculum goals and assessment practices can undermine implementation because teachers may continue emphasizing examination preparation rather than competency development. Therefore, educational systems must redesign assessment frameworks to ensure consistency with competency-based learning outcomes and instructional approaches (Burnette, 2016; UNESCO-IICBA, 2024). 

Despite its advantages, CBC implementation faces numerous challenges globally. One major challenge involves inadequate teacher preparation and resistance to pedagogical change. Teachers accustomed to traditional instructional methods may struggle to adopt learner-centered approaches, competency-based assessment, and differentiated instruction. In many contexts, professional development opportunities remain insufficient, fragmented, or overly theoretical. Consequently, teachers often lack confidence in implementing new curricular expectations. Resistance may also emerge when reforms increase workload, require extensive documentation, or introduce unfamiliar assessment practices. Without sustained support and mentoring, teachers may revert to conventional teaching approaches, thereby limiting the transformative potential of CBC reforms (UNESCO-IICBA, 2024; Gichurur, 2024). 

Resource constraints constitute another significant challenge, particularly in developing countries. Many schools experience shortages of textbooks, instructional materials, digital technologies, laboratories, and classroom facilities necessary for competency-based learning. Large class sizes further complicate the implementation of individualized instruction and authentic assessment. Teachers often struggle to provide personalized feedback and monitor competency development among numerous learners. Financial limitations may also hinder curriculum dissemination, teacher training, and resource provision. Consequently, disparities in educational resources can produce uneven implementation outcomes across regions and schools, undermining educational equity and reform effectiveness (El Mansouri et al., 2025; UNESCO-IICBA, 2024). 

Assessment-related difficulties present additional implementation barriers. Measuring competencies such as critical thinking, creativity, collaboration, and problem-solving is inherently more complex than assessing factual knowledge. Teachers frequently encounter challenges in designing reliable assessment tools and interpreting learner performance consistently. Concerns regarding validity, reliability, standardization, and workload may arise. Moreover, national examination systems often remain heavily focused on academic content knowledge, creating tensions between competency-oriented instruction and examination requirements. Such misalignment may discourage teachers from fully embracing competency-based approaches, especially when high-stakes assessments continue to influence educational decision-making and accountability mechanisms (Kang et al., 2025; Burnette, 2016). 

In primary education, CBC implementation holds particular significance because foundational competencies developed during early years influence subsequent learning and development. Primary-level CBC emphasizes literacy, numeracy, communication, creativity, critical thinking, social skills, digital literacy, and values education. Learning experiences are designed to be child-centered, activity-based, and developmentally appropriate. Teachers facilitate exploration, discovery, and experiential learning rather than relying solely on direct instruction. Assessment focuses on continuous observation, performance tasks, and developmental progress. Successful primary-level implementation requires well-trained teachers, supportive learning environments, adequate instructional materials, and strong parental involvement. When effectively implemented, CBC can enhance learner engagement, motivation, and holistic development while fostering foundational competencies essential for lifelong learning (Miglani et al., 2026; Mwangi & Barasa, 2025). 

However, implementing CBC in primary schools presents distinctive challenges. Young learners require substantial guidance, individualized support, and continuous assessment, increasing teacher workload. Many primary schools face shortages of trained teachers, instructional materials, and classroom space. Parents may also struggle to understand competency-based approaches, particularly when accustomed to traditional grading systems. In some contexts, teachers report difficulties documenting learner progress and conducting continuous assessments for large numbers of pupils. Additionally, inadequate stakeholder awareness and limited community engagement may hinder implementation effectiveness. Addressing these challenges requires comprehensive capacity building, resource allocation, parental sensitization, and supportive supervision mechanisms (Kisii et al., 2024; UNESCO-IICBA, 2024). 

At the secondary education level, CBC aims to prepare learners for higher education, employment, entrepreneurship, and responsible citizenship. Secondary-level competencies typically include advanced problem-solving, critical thinking, communication, digital literacy, leadership, collaboration, innovation, and career-related skills. Learning experiences become increasingly specialized while maintaining emphasis on practical application and authentic performance. Project-based learning, interdisciplinary instruction, vocational integration, and experiential learning opportunities are frequently incorporated into curriculum designs. Secondary schools implementing CBC often seek stronger connections between education and labor-market demands, thereby enhancing learners’ readiness for future social and economic participation (Miglani et al., 2026; Samad, 2025). 

Secondary education implementation also encounters significant obstacles. Curriculum complexity, subject specialization, high-stakes examinations, and limited instructional time can constrain competency development. Teachers may experience challenges integrating cross-cutting competencies across subject areas. Resource limitations, inadequate technological infrastructure, and insufficient professional development frequently impede implementation efforts. Furthermore, balancing competency development with academic achievement requirements remains a persistent challenge in many educational systems. Effective secondary-level implementation therefore requires curriculum alignment, assessment reform, stakeholder collaboration, adequate funding, and sustained teacher support to ensure meaningful integration of competency-based principles into educational practice (Gichurur, 2024; Mwangi & Barasa, 2025). 

In conclusion, competency-based curriculum represents a transformative educational approach that emphasizes the development and demonstration of competencies necessary for personal, social, and economic success. Rooted in outcome-based and constructivist educational philosophies, CBC prioritizes learner-centered pedagogy, authentic assessment, mastery learning, and holistic development. Successful implementation depends upon multiple determinants, including supportive policy frameworks, teacher competence, resource availability, assessment alignment, leadership capacity, and stakeholder engagement. Nevertheless, implementation challenges such as inadequate teacher preparation, resource constraints, assessment difficulties, and resistance to change continue to affect many educational systems. In both primary and secondary education, CBC offers substantial opportunities for enhancing educational relevance, learner engagement, and twenty-first-century skill development. However, realizing its full potential requires sustained investment, comprehensive capacity building, continuous monitoring, and context-sensitive implementation strategies that address systemic barriers while promoting equitable educational opportunities for all learners.

Curricular Resources, Facilities, and Infrastructure in Primary and Secondary Education in the Era of Artificial Intelligence and Emerging Technologies

Curricular resources, educational facilities, and infrastructure constitute fundamental pillars of effective curriculum implementation and educational quality. In contemporary educational discourse, these elements extend beyond traditional textbooks, classrooms, and physical equipment to include digital technologies, artificial intelligence (AI) systems, online learning platforms, cloud-based resources, virtual laboratories, learning management systems, and smart educational environments. Modern education increasingly recognizes that curriculum effectiveness depends not only on curriculum design but also on the availability and quality of resources and infrastructure that facilitate meaningful teaching and learning experiences. The rapid expansion of information and communication technologies (ICTs), digital transformation, and artificial intelligence has significantly redefined educational environments, requiring schools to develop innovative infrastructures capable of supporting personalized, inclusive, collaborative, and lifelong learning. Consequently, curricular resources and educational infrastructure have become strategic determinants of educational effectiveness, equity, and sustainability in both developed and developing educational systems (UNESCO, 2024; OECD, 2023). 

From a conceptual perspective, curricular resources refer to the materials, technologies, tools, and learning supports utilized to facilitate curriculum implementation and learning achievement. Traditionally, these resources included textbooks, teachers’ guides, libraries, laboratory materials, charts, maps, and instructional equipment. However, contemporary educational paradigms have expanded the concept to encompass digital learning resources, online repositories, multimedia content, simulations, virtual reality applications, artificial intelligence tools, open educational resources (OERs), and adaptive learning systems. These resources support learners in acquiring knowledge, skills, competencies, and values prescribed within educational curricula. Modern curriculum theory emphasizes that curricular resources should not merely transmit information but should actively support inquiry, collaboration, creativity, critical thinking, and problem-solving. Therefore, effective curricular resources must align with educational goals, learner needs, pedagogical approaches, and technological developments that characterize twenty-first-century education (OECD, 2023; UNESCO, 2024). 

Educational facilities and infrastructure encompass the physical, technological, organizational, and digital environments within which teaching and learning occur. Historically, educational infrastructure referred primarily to school buildings, classrooms, libraries, laboratories, sanitation facilities, furniture, and transportation systems. Contemporary educational perspectives broaden this understanding to include digital connectivity, broadband internet access, cloud computing services, learning management systems, educational software, cybersecurity systems, digital devices, artificial intelligence applications, and smart classroom technologies. Educational infrastructure is increasingly viewed as an integrated ecosystem that supports curriculum delivery, learner engagement, teacher effectiveness, educational administration, and institutional innovation. Modern educational systems recognize that quality infrastructure significantly influences learner achievement, equity, inclusion, and educational resilience, particularly in contexts characterized by technological advancement and rapidly changing labor market demands (OECD, 2023; UNESCO, 2024). 

Modern educational perspectives emphasize learner-centered, competency-based, and technology-enhanced learning environments. Within this framework, curricular resources are expected to support active learning, personalized instruction, collaborative inquiry, and authentic assessment. Educational technologies increasingly facilitate differentiated learning experiences tailored to individual learner needs, interests, and learning styles. Digital platforms enable learners to access educational content beyond classroom boundaries, supporting flexible and self-directed learning opportunities. Furthermore, educational resources now incorporate multimedia presentations, interactive simulations, digital storytelling, virtual experimentation, and gamified learning experiences that enhance learner engagement and knowledge retention. Consequently, educational institutions are increasingly investing in digital resources capable of promoting deeper learning, creativity, innovation, and critical thinking while preparing learners for participation in technologically advanced societies and economies (UNESCO, 2024; OECD, 2023). 

Postmodern educational perspectives further challenge traditional assumptions regarding knowledge, curriculum, and learning. Postmodern approaches emphasize diversity, multiple perspectives, learner agency, contextual knowledge, interdisciplinarity, and collaborative knowledge construction. Within such frameworks, curricular resources are no longer viewed as fixed repositories of objective knowledge but rather as dynamic tools that facilitate exploration, dialogue, reflection, and meaning-making. Digital technologies and online platforms align strongly with postmodern educational principles because they provide access to diverse sources of information, multiple viewpoints, and participatory learning opportunities. Artificial intelligence, social learning platforms, digital communities, and collaborative knowledge networks enable learners to become active producers rather than passive consumers of knowledge. Consequently, educational infrastructure must support openness, flexibility, connectivity, creativity, and learner autonomy to accommodate contemporary educational paradigms (UNESCO, 2024; OECD, 2023). 

The emergence of artificial intelligence has significantly transformed the nature of curricular resources in contemporary education. AI-powered educational systems offer personalized learning experiences by analyzing learner performance, identifying learning gaps, and recommending tailored instructional pathways. Intelligent tutoring systems, adaptive assessment platforms, automated feedback mechanisms, predictive analytics, and generative AI applications increasingly support both teaching and learning processes. These technologies enable individualized instruction that would be difficult to achieve within traditional classroom settings. UNESCO emphasizes that AI possesses substantial potential to improve educational access, quality, inclusion, and learning outcomes when implemented ethically and responsibly. However, effective utilization of AI requires appropriate infrastructure, teacher competencies, policy frameworks, and ethical safeguards to ensure that technological innovations enhance rather than undermine educational equity and human-centered learning (UNESCO, 2024). 

Artificial intelligence also necessitates the development of new curricular resources specifically designed to cultivate AI literacy among learners. Contemporary educational systems increasingly recognize the importance of equipping students with competencies related to AI awareness, ethical reasoning, data literacy, algorithmic thinking, computational problem-solving, and responsible technology use. UNESCO’s AI Competency Framework for Students identifies multiple competencies encompassing human-centered values, AI ethics, AI applications, and AI system design. Such developments indicate a growing recognition that AI education should become an integral component of school curricula. Consequently, curricular resources increasingly include AI learning modules, coding platforms, machine learning simulations, robotics kits, virtual laboratories, and interdisciplinary projects designed to prepare learners for participation in AI-mediated societies and economies (UNESCO, 2024; UNESCO IITE, 2022). 

Information and communication technologies continue to play a transformative role in expanding educational resources and infrastructure. Cloud computing platforms, digital repositories, open educational resources, educational applications, videoconferencing technologies, virtual classrooms, and mobile learning solutions provide unprecedented opportunities for educational access and flexibility. Digital technologies facilitate blended learning, flipped classrooms, distance education, and lifelong learning opportunities that transcend geographical and temporal limitations. These technologies also enable collaboration among learners, educators, researchers, and institutions across national boundaries. Modern educational infrastructures increasingly integrate digital ecosystems capable of supporting both face-to-face and online learning environments. Consequently, ICT integration has become a strategic priority for educational systems seeking to enhance educational quality, accessibility, resilience, and innovation in rapidly changing global contexts (UNESCO, 2024; OECD, 2023). 

In primary education, curricular resources and infrastructure must address the developmental needs of young learners while fostering foundational competencies. Traditional resources such as age-appropriate textbooks, storybooks, manipulatives, visual aids, and play-based learning materials remain important. However, modern primary education increasingly incorporates interactive digital resources, educational games, multimedia learning applications, and adaptive learning technologies that support literacy, numeracy, communication, creativity, and socio-emotional development. Smart classrooms, digital devices, interactive whiteboards, educational tablets, and internet connectivity facilitate engaging and developmentally appropriate learning experiences. Furthermore, AI-enhanced educational applications can provide personalized learning support, enabling young learners to progress according to their individual learning needs and abilities while receiving immediate feedback and guidance (UNESCO, 2024). 

The infrastructure requirements of contemporary primary education extend beyond physical classrooms to encompass safe, inclusive, technologically equipped learning environments. Schools increasingly require reliable electricity, broadband internet access, digital devices, educational software, and secure digital platforms. Physical infrastructure must support collaborative learning, creativity, exploration, and learner well-being. Moreover, digital infrastructure should facilitate communication among teachers, learners, parents, and educational administrators. Educational systems seeking to integrate AI and ICT effectively within primary education must also invest in teacher training, technical support services, cybersecurity measures, and maintenance systems. Without adequate infrastructure and professional capacity, technological innovations may fail to achieve
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