
 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT25038501 Volume 16, Issue 3, July-September 2025 1 

 

Learning Beyond the Classroom: Technology, 

Informal Education, and the Future of 

Pedagogy 
 

Mr. Ajeet singh 
 

Academic counselor 

school of education 

IGNOU 

Abstract 

The rapid advancement of digital technologies is reshaping the ways children learn, not only within 

formal school environments but also in informal and home-based settings. Artificial Intelligence (AI), 

Virtual and Augmented Reality (VR/AR), gamified platforms, and mobile applications are creating new 

pathways for learning that transcend traditional pedagogical boundaries. This paper explores how 

emerging technologies influence informal education for children, examines their pedagogical 

implications, highlights equity and ethical concerns, and envisions the future of education in an 

increasingly digital society. Drawing upon global case studies and interdisciplinary literature, the 

research argues that the future of learning lies in a balanced integration of human pedagogy and 

technological innovation. 
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1. Introduction 

Education in the twenty-first century is undergoing rapid transformations. No longer limited to the 

boundaries of formal classrooms, children’s learning experiences are now shaped by a network of digital 

tools, devices, and platforms that make education more accessible, personalized, and engaging. The 

COVID-19 pandemic accelerated this trend, pushing millions of children worldwide into home-based 

digital learning, thereby exposing both the possibilities and challenges of a technology-driven 

educational future. Informal and home-based learning refers to educational experiences that take place 

outside of formal institutions such as schools or colleges. Traditionally, this has included storytelling, 

apprenticeships, play-based learning, and homeschooling. In recent decades, however, advances in 

digital technology have significantly expanded the scope of informal learning. Today, children may 

learn languages on mobile apps, explore science through gamified platforms, or take virtual tours of 

museums via VR headsets—all without stepping into a classroom. 

The significance of informal learning lies in its flexibility, accessibility, and alignment with the natural 

curiosity of children. Unlike formal education, which follows a rigid curriculum, informal learning 

allows children to explore topics of personal interest at their own pace. Technology enhances this 

process by providing resources, interactive platforms, and global connectivity. The result is a dynamic 

learning environment that complements, and sometimes even challenges, traditional pedagogy. 
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This paper focuses on how future technologies shape informal and home-based education for children. It 

is guided by four key research questions: 

1. How do emerging technologies transform informal and home-based education for children? 

2. What pedagogical models are best suited to integrate these technologies effectively? 

3. What challenges of equity, access, and ethics arise in the use of future learning technologies? 

4. How might informal learning evolve by 2050 in a world dominated by digital innovation? 

The methodology of this study is “qualitative and analytical”, drawing upon interdisciplinary literature 

from educational theory, cognitive psychology, technology studies, and global policy frameworks. Case 

studies from both developed and developing countries are examined to highlight varying trajectories of 

technology adoption in informal education. 

The paper is organized into nine sections. Following this introduction, Section Two traces the “historical 

background of informal learning”, showing how home-based education evolved from traditional 

storytelling to digital platforms. Section Three explores “emerging technologies” such as AI tutors, 

VR/AR experiences, and gamification in detail. Section Four analyzes the “pedagogical implications” of 

these technologies, while Section Five discusses “equity and access”, focusing on the digital divide. 

Section Six turns to “ethical and social concerns”, including data privacy and commercialization. 

Section Seven provides “case studies” from around the world, and Section Eight speculates on the 

“future prospects” of informal learning by 2050. Finally, Section Nine concludes with reflections on 

how to balance technological innovation with pedagogical and ethical principles. The underlying 

argument of this paper is that “the future of education will increasingly blur the line between formal and 

informal learning”, with children’s homes, communities, and digital spaces becoming as important as 

schools in shaping cognitive and social development. However, to harness the benefits of technology-

driven informal learning, policymakers and educators must address concerns of equity, ethics, and 

sustainability. 

Literature Review 

Research on education and technology highlights both opportunities and challenges. Livingstone (2001) 

and Marsick & Watkins (1990) emphasized the significance of informal learning, which occurs outside 

structured curricula and often through self-directed engagement. With the rise of digital technologies, 

informal learning has gained unprecedented relevance. Ito et al. (2013) argue that connected learning 

environments empower children to pursue personal interests, collaborate with peers, and build 

competencies across contexts. Gee (2003) further demonstrated how video games promote literacy, 

problem-solving, and creativity, offering powerful models for educational engagement. The COVID-19 

pandemic accelerated the adoption of digital learning but also revealed stark inequalities in access to 

devices, internet connectivity, and parental support (UNESCO, 2020). Scholars such as Selwyn (2019) 

caution that educational technology is often driven by commercial rather than pedagogical interests, 

creating risks of commodification. Luckin et al. (2022) demonstrate the potential of AI in personalizing 

learning experiences but emphasize concerns regarding bias, ethics, and privacy. Similarly, OECD 

(2020) and UNESCO (2023) highlight the need to balance innovation with equity and inclusivity. 
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Beyond these foundational debates, further scholarship provides nuanced insights into how digital media 

shape children’s education. Buckingham (2007) examined how media culture influences childhood, 

underscoring opportunities for creativity but also risks of over-commercialization. Warschauer & 

Matuchniak (2010) analyzed digital divides in access, skills, and usage, noting that inequality persists 

even in contexts with widespread connectivity. Greenhow et al. (2019) explored the role of social media 

in learning, finding that online communities can encourage collaboration but also expose learners to 

misinformation and distraction. Research on gamification and learning analytics expands this discourse. 

Deterding et al. (2011) conceptualized gamification as the use of game design elements in non-game 

contexts, noting its potential to enhance engagement but warning against shallow motivational strategies. 

Siemens & Long (2011) introduced learning analytics as a means to provide personalized feedback, 

while Prinsloo & Slade (2017) stressed the ethical concerns around surveillance and data misuse in 

educational contexts. 

Policy-focused literature also contributes to understanding the global landscape. The World Bank (2020) 

examined digital education initiatives in low- and middle-income countries, identifying both success 

stories and persistent barriers to access. Similarly, the European Commission (2021) outlined a Digital 

Education Action Plan emphasizing teacher training, equity, and digital literacy as essential pillars for 

sustainable integration of technology in education. 

Methodology 

This research adopts a conceptual and literature-based approach. Instead of empirical data collection, it 

synthesizes secondary sources, including peer-reviewed journal articles, policy reports from UNESCO 

and OECD, and theoretical frameworks from constructivism, connectivism, and motivation theory. The 

methodology is interpretive and analytical, aimed at identifying patterns, opportunities, and limitations 

in the intersection of children’s education, technology, and pedagogy. 

2. Historical Background of Informal and Home Learning 

Education has never been confined solely to the classroom. Long before the invention of formal schools, 

“informal learning” within the family and community was the primary way children acquired 

knowledge, values, and skills. From oral traditions in pre-literate societies to homeschooling movements 

in the modern era, home-based education has always existed in parallel with institutional learning. 

Understanding this history provides the foundation for analyzing how “future technologies are reshaping 

informal education today”. 

 2.1 Oral Traditions and Community Learning 

In ancient and pre-modern societies, children’s education was deeply tied to “oral traditions, storytelling, 

and apprenticeships”. Elders, parents, and community leaders transmitted cultural knowledge, moral 

lessons, and survival skills through narratives and daily practice. In African societies, for example, the 

“griot” served as a living archive of history and values. In India, children learned epics like the 

“Ramayana” and “Mahabharata” orally long before formal schooling was widespread. Such education 

was holistic, immersive, and tailored to community life. 

 2.2 Religious and Home-Based Instruction 
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As civilizations developed, “religious institutions and families” became central to early learning. In 

medieval Europe, monastic schools introduced literacy, but most children still learned practical skills at 

home. In Islamic societies, “madrasas” and home-based Qur’anic schools blended religious instruction 

with literacy. In Confucian China, families often hired tutors or guided children through classics at home 

before they joined official academies. Across cultures, home learning was regarded as the foundation of 

moral and intellectual formation. 

2.3 Rise of Formal Schooling and Marginalization of Home Learning 

The “industrial revolution” in the 18th and 19th centuries brought mass schooling systems designed to 

produce disciplined, literate, and skilled workers. This marked a significant shift: “formal schools began 

to dominate education”, while informal and home-based learning was often undervalued. The 

standardization of curricula and centralized control created efficiency but also narrowed the definition of 

legitimate education. Still, home environments continued to shape children through family traditions, 

storytelling, and experiential learning. 

 2.4 The Homeschooling Movement 

In the late 20th century, a revival of “homeschooling” emerged, particularly in North America and parts 

of Europe. Parents dissatisfied with rigid curricula, concerns about cultural values, or perceived 

inefficiencies of public schools turned to home-based education. Scholars such as Ivan Illich 

(“Deschooling Society”, 1971) and John Holt (“Teach Your Own”, 1981) argued that meaningful 

learning often happens outside formal institutions. These movements reframed home education as an 

alternative, emphasizing child-centered learning and flexibility. 

2.5 Early Educational Technologies 

Technology has always influenced informal education. The “printing press” in the 15th century 

democratized access to books, allowing families to use printed material for children’s instruction. The 

“radio and television” of the 20th century introduced educational broadcasts like “Sesame Street” in the 

United States or “Doordarshan’s educational programming” in India, blending entertainment with 

learning. In the late 20th century, “personal computers and the internet” transformed homes into learning 

spaces. Children could access encyclopedias, educational games, and later, interactive websites such as 

“BBC Bitesize” or “Khan Academy”. 

2.6 The Digital Turn in Home Education 

By the early 21st century, the “digital revolution” brought mobile devices, apps, and e-learning 

platforms into everyday life. Smartphones allowed access to learning on-the-go, while social media 

platforms exposed children to vast information networks. The “COVID-19 pandemic (2020–2022)” 

accelerated this trend, as formal schools were forced online and homes became the primary sites of 

learning. This period blurred the line between formal and informal education, creating a new hybrid 

space where children learned through Zoom classrooms, YouTube tutorials, and gamified apps 

simultaneously. 
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2.7 Continuity and Change 

A review of this historical trajectory shows that “home-based and informal learning has always been a 

vital component of children’s education”. What has changed is the “medium of instruction”: from oral 

traditions to religious texts, from radio broadcasts to AI-powered tutors. The role of technology has 

steadily grown, and today’s digital tools have unprecedented potential to “personalize, democratize, and 

globalize informal learning”. Thus, the past sets the stage for a future where “technology does not 

replace the home as a learning site but redefines it as a digitally connected, pedagogically rich, and 

globally networked environment”. 

3. Emerging Technologies in Informal Education 

The 21st century has witnessed an unprecedented growth of digital technologies that are transforming 

how children learn outside the classroom. These tools go beyond supplementing school-based 

instruction; they actively reshape the nature of knowledge acquisition, self-directed exploration, and 

engagement with learning. From “Artificial Intelligence (AI) tutors” to “Virtual Reality (VR) field 

trips”, these innovations allow children to experience education in dynamic, interactive, and highly 

personalized ways. This section explores the most significant emerging technologies influencing 

informal and home-based education. 

3.1 Artificial Intelligence and Personalized Learning 

Perhaps the most influential development in contemporary education is the rise of “AI-driven learning 

platforms”. Unlike traditional textbooks or one-size-fits-all curricula, AI systems adapt to each child’s 

pace, strengths, and weaknesses. For example, platforms like “Khan Academy’s AI tutor”, “Byju’s 

(India)”, or “Carnegie Learning’s MATHia” provide adaptive exercises, instant feedback, and 

customized pathways. 

AI in informal learning extends beyond subject mastery. Tools like “ChatGPT and other conversational 

AI models” can act as tutors, storytellers, or language-learning partners for children at home. For 

instance, a child interested in dinosaurs can have an ongoing dialogue with AI, receiving age-appropriate 

explanations, quizzes, and creative prompts. This personalized scaffolding aligns with “Vygotsky’s zone 

of proximal development, where learners achieve more with guided support. 

However, the use of AI raises questions of dependency, bias in algorithms, and the diminishing role of 

human mentors. While AI offers scale and personalization, it cannot fully replicate the empathy, moral 

guidance, and contextual understanding that parents or teachers provide. 

3.2 Virtual Reality (VR) and Augmented Reality (AR) 

VR and AR technologies are redefining how children experience the world beyond textbooks. “VR 

headsets” transport learners to simulated environments, allowing them to explore the solar system, walk 

through ancient cities, or conduct science experiments in safe digital labs. For example, “Google 

Expeditions” has provided immersive field trips, while companies like “zSpace” and “ClassVR” are 

bringing affordable VR into schools and homes. 
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“Augmented Reality (AR)” overlays digital content onto physical spaces, enhancing informal, play-

based learning. Educational AR apps such as “Quiver” (coloring that comes alive in 3D) or “Merge 

Cube” (a handheld AR object for interactive science learning) allow children to blend creativity with 

scientific inquiry. At home, AR can transform everyday environments into interactive classrooms—

kitchen counters become chemistry labs, and backyards turn into biology explorations. The pedagogical 

strength of VR/AR lies in “experiential learning”. Children are no longer passive recipients of 

knowledge; they become explorers. This aligns with “constructivist theories of learning”, which argue 

that knowledge is actively built through experience. 

3.3 Gamification and Edutainment 

Children’s natural attraction to play has long been recognized as a powerful educational tool. 

“Gamification”—the use of game mechanics in non-game contexts—leverages this tendency to make 

learning engaging and motivating. 

Popular apps like “Duolingo” for language learning or “Prodigy” for mathematics use points, levels, and 

rewards to encourage consistent practice. Educational video games such as “Minecraft Education 

Edition” allow children to build virtual civilizations while exploring concepts of history, physics, and 

architecture. 

Gamification supports informal education because it makes learning feel voluntary rather than 

obligatory. When a child chooses to solve math problems to “level up” in a game, the motivation is 

intrinsic. This connects to “self-determination theory”, which emphasizes autonomy, competence, and 

relatedness as drivers of learning. Yet, gamification also risks overemphasizing extrinsic rewards, 

potentially reducing learning to point-scoring rather than genuine curiosity. Striking a balance between 

fun and intellectual rigor remains a key challenge. 

3.4 Mobile Learning and Microlearning 

The widespread use of smartphones has made “mobile learning” one of the most powerful tools for 

informal education. Children today are “digital natives” who interact with apps, videos, and interactive 

content daily. Platforms like “YouTube Kids”, “BBC Bitesize”, and “Byju’s” provide bite-sized lessons 

that can be consumed anytime, anywhere. 

“Microlearning”, a strategy based on delivering content in small, digestible units, fits seamlessly with 

children’s short attention spans and busy lifestyles. Apps such as “Quizlet” or “BrainPOP” allow 

learners to access 5–10 minute lessons on demand. This flexible model empowers children to learn in 

“in-between moments”—on a bus ride, during a break, or before bedtime. Mobile and microlearning 

extend education beyond rigid schedules, making knowledge “contextual and continuous”. However, 

they also raise concerns about screen addiction and the fragmentation of attention. 

3.5 Internet of Things (IoT) and Smart Toys 

Emerging “IoT-enabled educational devices” are turning homes into interactive learning ecosystems. 

“Smart toys” like LEGO Mindstorms or Fisher-Price’s Code-a-Pillar introduce children to coding and 

problem-solving through play. Devices such as “Amazon Alexa Kids Edition” or “Google Nest Hub” are 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT25038501 Volume 16, Issue 3, July-September 2025 7 

 

increasingly used as voice-based assistants for homework help, storytelling, and general queries. IoT 

allows for seamless integration of education into daily life. For example, a child wearing a fitness tracker 

might learn about health, nutrition, and biology through real-time data. Similarly, interactive storybooks 

can respond to a child’s voice or touch, making learning multi-sensory. While these innovations enhance 

engagement, they also blur boundaries between education and surveillance. Data collected by smart 

devices raises privacy concerns, especially when involving children. 

3.6 Online Communities and Social Learning Platforms 

The internet has created “peer-to-peer learning communities” that children can access informally. 

Platforms such as “Scratch (MIT)” allow children to share coding projects, receive feedback, and 

collaborate. YouTube’s vast repository of tutorials—from origami to robotics—empowers children to 

pursue hobbies and skills independently. 

Social learning aligns with “Bandura’s social learning theory”, which emphasizes imitation, modeling, 

and peer influence. Informal online communities provide mentorship, feedback, and inspiration, often 

beyond what is available in formal classrooms. However, such platforms also expose children to risks of 

misinformation, cyberbullying, or inappropriate content, highlighting the need for parental guidance and 

digital literacy. 

3.7 Artificial Immersion and Future Interfaces 

Looking ahead, technologies like “Brain–Computer Interfaces (BCIs)” and “AI-powered holograms” 

may take informal learning to unprecedented levels. Imagine a child directly interfacing with digital 

simulations through thought, or interacting with holographic tutors in the living room. While still 

experimental, such innovations suggest that informal learning in the future will be increasingly 

immersive, embodied, and individualized. 

4. Pedagogical Implications of Future Technologies 

The adoption of emerging technologies in informal and home-based learning does not simply introduce 

new tools; it fundamentally reshapes “pedagogy”—the theory and practice of teaching and learning. 

Technology mediates how knowledge is delivered, how learners engage with it, and how educators 

(including parents) guide the process. This section examines the pedagogical implications of integrating 

AI, VR/AR, gamification, mobile learning, and smart devices into children’s informal education. 

4.1 From Teacher-Centered to Learner-Centered Education 

Traditional pedagogy, particularly in formal schooling, has often been “teacher-centered”—the educator 

is the authority who transmits knowledge, and students are expected to absorb it. Future technologies, 

however, support a shift toward “learner-centered pedagogy”, where children actively construct 

knowledge based on their interests, pace, and context. 

 AI tutors” provide customized learning paths, ensuring that no child is left behind while allowing 

advanced learners to progress faster. 

 VR/AR environments” empower learners to explore independently, embodying “John Dewey’s 

principle of experiential education”, which emphasizes “learning by doing.” 
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 Gamified platforms encourage intrinsic motivation, transforming the child into an “active agent” 

rather than a passive recipient. 

This decentralization challenges traditional hierarchies in pedagogy, raising questions about the evolving 

role of the teacher or parent. Rather than being the sole source of information, educators increasingly act 

as “facilitators, curators, and mentors”. 

4.2 Blended Pedagogy and the Hybrid Learning Model 

A significant implication of technology in informal learning is the rise of “blended pedagogy”, which 

combines digital tools with human interaction. Research indicates that purely online or technology-

driven education often lacks social-emotional dimensions critical for child development. Thus, a “hybrid 

model”—where informal digital learning complements formal classroom instruction—emerges as the 

most effective approach. 

For example: 

 “A child may learn vocabulary through “Duolingo” at home (informal, tech-driven), and later 

apply it in classroom conversations (formal, teacher-led). 

 “VR-based historical field trips at home may reinforce textbook lessons, fostering deeper 

retention. 

 “Coding skills acquired on platforms like “Scratch” may inspire collaborative projects in school. 

This blended pedagogy underscores the need for “curriculum integration”, ensuring that informal 

technological learning complements, rather than competes with, school-based education. 

4.3 Pedagogy of Personalization 

Future technologies enable what scholars call a “pedagogy of personalization”. Unlike standardized 

curricula, personalized learning tailors educational experiences to individual learners’ needs, 

preferences, and contexts. 

 “AI-driven platforms” analyze data on learning behavior, identifying strengths and weaknesses to 

create adaptive content. 

 “Smart toys and IoT devices” provide feedback that adapts to a child’s developmental stage. 

 “Microlearning apps” allow children to learn in short bursts, fitting individual rhythms and 

attention spans. 

Personalization has clear benefits for children who struggle in traditional classrooms, such as those with 

learning disabilities or gifted students who require advanced material. However, it also raises 

pedagogical challenges: if learning becomes too individualized, children may miss out on the 

“collaborative and social dimensions of education”.4.4 Constructivist and Inquiry-Based Approaches 

Future technologies align strongly with “constructivist pedagogy”, which posits that learners build 

knowledge through interaction and exploration. VR simulations, gamified problem-solving tasks, and 

online project-based learning environments enable children to “inquire, test, and reflect”. 
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For instance, a child exploring an AR-based science app may generate questions about plant growth, 

experiment virtually, and then apply the results to real-life gardening. This method encourages “critical 

thinking, creativity, and problem-solving”, key skills for the 21st century. This resonates with “Jerome 

Bruner’s “discovery learning”model, where learners actively discover principles instead of being told 

facts. Technology thus creates conditions where inquiry-based pedagogy can thrive outside the 

classroom. 

4.5 Role of Parents and Home Educators 

The shift in pedagogy also transforms the role of “parents” in children’s education. Traditionally, parents 

supported homework or moral instruction, while formal schools handled academics. With technology-

driven informal learning: 

Prents become “facilitators”, guiding children in selecting appropriate digital resources. 

They act as “monitors”, ensuring safe and ethical use of technology. 

In many cases, they co-learn with children, fostering an environment of “shared inquiry”. 

For example, parents may join children in VR museum tours or supervise collaborative online projects. 

This “family pedagogy” creates stronger bonds and democratizes learning within the household. 

4.6 Pedagogical Challenges 

While future technologies bring numerous benefits, they also pose challenges: 

 Over-reliance on technology – Children may expect instant digital solutions, reducing 

perseverance and deep learning. 

 Fragmentation of knowledge – Microlearning and gamified apps may prioritize breadth over 

depth. 

 Loss of teacher authority” – With AI tutors, children may undervalue human expertise, affecting 

respect for educators. 

 Pedagogical inequality – Wealthy families may access advanced technologies, while 

disadvantaged children rely solely on traditional methods. 

These challenges suggest that technology should not replace pedagogy but “redefine it responsibly”, 

preserving human values while embracing innovation. 

4.7 Toward a New Pedagogical Framework 

The future may require a new pedagogical framework that integrates technology, human mentorship, 

and ethical safeguards. Such a model could be described as: 

 Human-centered: Technology supports, but does not replace, the human role. 

 Holistic: Balances cognitive, social, emotional, and ethical development. 

 Flexible: Adapts to different cultural, economic, and developmental contexts. 

 Collaborative: Encourages peer learning, even in digital environments. 
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This framework ensures that technology enhances, rather than diminishes, the core values of education: 

curiosity, empathy, resilience, and social responsibility. 

5. Equity and Access: Challenges of the Digital Divide 

While future technologies open vast opportunities for children’s informal learning, they also risk 

deepening “inequalities in access”. The “digital divide” is not just about whether families have devices 

or internet connectivity, but also about “quality of access, affordability, digital literacy, and cultural 

relevance”. 

5.1 Socio-Economic Barriers 

Children from wealthier households often enjoy high-speed internet, multiple devices, and access to 

premium educational apps. By contrast, marginalized families may lack stable connectivity or rely on 

shared, outdated devices. Studies from UNESCO highlight that during the COVID-19 pandemic, over 

“463 million children worldwide” could not access remote learning due to lack of digital tools 

(UNESCO, 2021). This created stark disparities in informal learning opportunities. 

5.2 Urban–Rural Divide 

In many developing countries, urban children benefit from robust digital infrastructure, while rural 

children face “limited connectivity and higher costs”. For instance, in India, initiatives like “Diksha” and 

“PM eVidya” sought to bridge rural gaps, yet electricity shortages and low bandwidth continued to 

hinder effective use. Informal digital learning is thus unevenly distributed, favoring already advantaged 

communities. 

5.3 Accessibility for Differently-Abled Children 

Future technologies also hold promise for children with disabilities. “Assistive technologies”—such as 

speech-to-text, AI-based reading companions, or VR mobility simulations—can create inclusive 

informal learning environments. Yet affordability and lack of localized content remain barriers. Without 

deliberate design, emerging tech risks excluding the very children who could benefit most. 

5.4 Gender Gap in Technology Access 

In some cultural contexts, girls have less access to technology than boys due to gender norms. A 2020 

GSMA study found that women and girls in South Asia are “20% less likely” to use mobile internet 

compared to males. This gendered digital divide affects informal learning opportunities, limiting female 

children’s exposure to future technologies. 

5.5 Policy Responses and Solutions 

To address equity concerns, governments and NGOs must: 

 “Expand “low-cost internet infrastructure” in underserved regions. 

 “Support “open educational resources (OERs)” for free informal learning. 

 “Provide “digital literacy programs” for parents and children. 
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 “Enforce “inclusive design standards” so that learning technologies support children with diverse 

needs. 

Without addressing these inequities, the benefits of informal tech-driven learning will remain 

concentrated among privileged groups, widening global educational inequalities. 

6. Ethical and Social Concerns 

Alongside equity, the integration of technology into informal learning raises “ethical and social issues”. 

Education is not merely the transfer of information; it is also about forming values, social norms, and 

identities. Emerging technologies complicate these processes in several ways. 

6.1 Screen Time and Cognitive Development 

Excessive screen exposure among children has been linked to reduced attention spans, sleep 

disturbances, and limited physical activity. Informal learning technologies, though educational, may 

contribute to “screen overuse” if not balanced with offline activities. The American Academy of 

Pediatrics recommends setting age-appropriate limits, yet many parents struggle to enforce these 

guidelines in digitally saturated homes. 

6.2 Privacy and Data Protection 

Many educational apps and smart toys collect vast amounts of data—learning progress, voice 

recordings, location data—often without clear parental consent. High-profile cases, such as privacy 

concerns over the “Hello Barbie smart doll”, highlight risks of surveillance in children’s spaces. 

Children, being vulnerable users, cannot fully comprehend the implications of data sharing. This raises 

ethical questions about “informed consent, exploitation, and security”. 

6.3 Algorithmic Bias and Fairness 

AI-driven learning systems are only as fair as the data they are trained on. If algorithms reflect cultural, 

gender, or linguistic biases, children may receive unequal learning experiences. For example, AI tutors 

may perform better in English than in under-resourced languages, marginalizing children from non-

dominant linguistic backgrounds. 

6.4 Commercialization of Informal Learning 

EdTech companies increasingly blur the line between learning and marketing. “Freemium” models 

attract children with free access but lock advanced features behind paywalls, creating inequalities. There 

is also the danger of “commodifying childhood curiosity”, where learning becomes a product to be sold 

rather than a right to be nurtured. 

6.5 Socialization and Emotional Development 

While digital platforms foster cognitive growth, they often limit “face-to-face social interactions” critical 

for emotional intelligence and empathy. Informal learning must not become an isolating experience; 

children require peer interactions, teamwork, and community participation to develop holistically. 
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6.6 Ethical Frameworks for Future Pedagogy 

To safeguard children, policymakers, educators, and technology designers should adopt ethical 

frameworks that emphasize: 

 “Child safety and privacy-by-design” in all apps. 

 “Transparency and accountability” in data collection. 

 “Balanced use of digital and offline learning” for healthy development. 

 “Educational integrity” over commercial exploitation. 

7. Case Studies and Global Perspectives 

Informal and home-based education mediated by technology is not a uniform phenomenon. It varies 

widely depending on socio-economic, cultural, and political contexts. Examining case studies across 

different regions of the world reveals both the opportunities and challenges of technology-enabled 

informal learning. The following sub-sections present a comparative overview of select initiatives, 

applications, and models that illustrate the global diversity of approaches. 

7.1 United States: Khan Academy and the Rise of Open Educational Resources 

Khan Academy, established in 2008, has become one of the most widely recognized platforms offering 

free, high-quality educational content. Originally beginning as a series of YouTube tutorials by Salman 

Khan for his relatives, it has evolved into a comprehensive online ecosystem used by millions 

worldwide. For children engaged in informal learning, Khan Academy represents a democratizing force. 

Lessons in mathematics, science, history, and art are presented through short video lectures and adaptive 

exercises. The gamification elements—badges, progress tracking, and mastery-based learning—make 

the experience motivating for children. Importantly, the platform has been integrated into 

homeschooling curricula in the U.S. and used as supplementary material in public schools. 

The case highlights the potential of “open educational resources (OERs)” to transform learning beyond 

classrooms. However, digital equity remains an issue: while suburban families with reliable internet 

access benefit significantly, marginalized communities often struggle to take advantage of these 

resources. 

7.2 India: Byju’s and the Commercialization of Informal Learning 

India’s EdTech sector has witnessed explosive growth, with Byju’s becoming one of the most prominent 

global players. Marketed as an engaging, gamified platform, Byju’s combines video lessons, interactive 

quizzes, and adaptive pathways. It particularly gained traction during the COVID-19 pandemic when 

schools were closed, and parents sought structured learning tools for children at home. 

Byju’s case illustrates both the promises and pitfalls of technology-driven informal education. On the 

one hand, it provides visually appealing, curriculum-aligned content that can make complex topics 

accessible. On the other hand, critics argue that its high subscription costs exacerbate educational 

inequality. Reports also raise concerns about “excessive commercialization of childhood learning” and 

aggressive marketing tactics targeted at parents. 
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Thus, the Indian experience underscores the tension between “profit-driven models” and the broader 

goal of inclusive access to education. 

7.3 Africa: The Kio Kit in Kenya 

In regions with limited digital infrastructure, innovative low-cost solutions have emerged. One striking 

example is the “Kio Kit” developed in Kenya by the company BRCK. It is essentially a “digital 

classroom in a box,” containing 40 rugged tablets preloaded with educational content and powered by a 

solar charging system. Although the Kio Kit was originally designed for schools, its portability has made 

it a valuable resource for community learning centers and home-based education in rural areas. Children 

can access interactive lessons on literacy, numeracy, and local culture without requiring constant internet 

connectivity. 

This case demonstrates how “technological design adapted to local conditions” can bridge the digital 

divide. It also highlights the importance of “offline-first solutions” for informal learning in underserved 

regions. 

7.4 Global Language Learning: Duolingo 

Duolingo, a free mobile application, exemplifies how gamification can make informal learning 

enjoyable. With over 500 million users worldwide, it provides children and adults with opportunities to 

learn languages through bite-sized lessons, rewards, and playful competition.For children, Duolingo is 

often used outside formal schooling, allowing them to explore new languages or strengthen school 

learning at home. Its accessibility on low-end smartphones makes it widely available, particularly in 

developing countries where mobile-first learning dominates. 

While Duolingo is praised for its inclusivity and appeal, scholars note that its approach focuses more on 

vocabulary acquisition than on deep linguistic competence. Still, it remains one of the most influential 

examples of “informal, mobile-based learning at scale.” 

7.5 Europe: Scratch and Creative Coding (MIT Media Lab) 

Scratch, developed at MIT but widely adopted in Europe and beyond, is a platform that allows children 

to learn programming concepts through visual, block-based coding. It encourages peer-to-peer 

interaction as children share projects, remix others’ work, and collaborate on creative endeavors. Scratch 

represents a shift from content consumption to “content creation”, empowering children as digital 

producers rather than passive learners. Informal learning communities around Scratch have flourished, 

with children teaching each other through online forums and workshops. The European adoption of 

Scratch in after-school programs and coding clubs demonstrates the power of “community-driven 

informal learning ecosystems.” 

7.6 China: Smart Education and State-Supported Digital Ecosystems 

China has invested heavily in building “state-led digital learning infrastructures.” Platforms such as 

“Xuexi Qiangguo” and government-supported AI tutors have integrated formal and informal learning. 

During the COVID-19 pandemic, national digital platforms ensured continuity of education for millions 

of students. Informally, Chinese parents often use AI-powered homework apps that provide instant 
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feedback, such as Zuoyebang and Yuanfudao. These apps extend learning beyond the classroom but also 

reflect cultural pressures for academic achievement. Critics worry about “surveillance, data collection, 

and high academic stress” associated with such technologies. 

The Chinese case reveals how national policy frameworks can influence informal learning practices at 

scale, blending innovation with regulation. 

7.7 Comparative Insights 

Across these case studies, several patterns emerge: 

 “Accessibility vs. Commercialization:” Platforms like Khan Academy and Duolingo emphasize 

free access, while Byju’s highlights the risks of high-cost models. 

 “Local Contexts Matter:” The Kio Kit shows that context-sensitive, offline-first design can 

empower communities otherwise left out of the digital revolution. 

 “Creativity vs. Consumption:” Scratch emphasizes children as creators, in contrast to 

consumption-focused platforms. 

 “Ethical and Cultural Dimensions:” China’s model highlights the trade-offs between centralized 

efficiency and personal freedoms. 

 “Equity Concerns:” Every case underscores the ongoing challenge of ensuring that technology 

reduces, rather than deepens, educational inequalities. 

7.8 Lessons for the Future 

The global landscape of informal learning technologies suggests that no single model can universally 

address the needs of all children. Instead, the future of informal education will depend on “pluralistic 

approaches” that combine open access, affordability, creativity, and cultural adaptability. Collaborative 

efforts between governments, private companies, educators, and communities will be essential to build 

sustainable, child-centered ecosystems of learning. 

8. Future Prospects: Education Beyond 2050 

The year 2050 is often imagined as a milestone in humanity’s technological and social evolution. By 

then, demographic shifts, environmental pressures, globalization, and exponential technological 

advances will reshape how societies function—and education will not be exempt. If the 20th century was 

defined by mass schooling and standardized curricula, the mid-21st century and beyond are poised to 

witness a radical reconfiguration of what it means to learn, to teach, and to be educated. 

8.1 The Collapse of Traditional Boundaries 

Education beyond 2050 will likely dissolve the strict boundaries between formal, informal, and non-

formal learning. Schools may no longer exist as static buildings where learning is confined to specific 

hours and curricula. Instead, education may become “networked, modular, and ubiquitous”, embedded 

in every facet of daily life. With the proliferation of wearable devices, immersive AR/VR environments, 

and neural-interface technologies, children may be able to access knowledge “on demand,” blurring the 

line between learning and living. In such a world, “knowledge will no longer be scarce”, nor will it be 
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delivered solely by teachers or institutions. Instead, learning will be “self-directed and lifelong”, 

facilitated by intelligent systems that adapt content and pedagogy to each learner’s needs, interests, and 

goals. The role of educators will evolve from being transmitters of knowledge to curators, mentors, and 

ethical guides who help children navigate an overwhelming sea of information. 

 8.2 Integration of Artificial Intelligence and Neural Technologies 

By 2050, artificial intelligence will likely become an intimate part of children’s learning ecosystems. 

Today’s AI-powered tutoring systems are primitive precursors of the sophisticated “cognitive 

companions” that future learners may possess—AI entities that not only deliver personalized lessons but 

also adapt to children’s emotions, cognitive patterns, and aspirations. These companions could offer 

real-time feedback, simulate debates, or provide immersive problem-solving experiences. 

Beyond AI, “neurotechnology” promises to expand the very definition of learning. Neural implants, 

brain-computer interfaces (BCIs), and cognitive enhancers may allow children to acquire languages, 

skills, or knowledge far more rapidly than today. While this raises profound ethical questions about 

equity and human identity, it also opens possibilities for eradicating educational inequalities by 

providing enhanced cognitive support to disadvantaged learners. Education will increasingly shift from 

memorization and repetition to higher-order skills such as creativity, critical thinking, ethical reasoning, 

and global collaboration. 

 8.3 Pedagogy in a Post-Human Age 

Pedagogy beyond 2050 will reflect the reality that children are not just learners but “co-creators of 

knowledge”. Traditional subjects may dissolve into “interdisciplinary problem-based learning”, where 

learners address real-world challenges such as climate change, pandemics, or interplanetary exploration. 

Schools may be organized not by age or grade but by “competence and interest clusters”, bringing 

together learners from diverse backgrounds and even across continents in real-time digital hubs. In this 

environment, pedagogy will emphasize “metacognition” (learning how to learn), resilience, and 

adaptability. Children will not be expected to master static bodies of knowledge but to cultivate the 

capacity to constantly unlearn, relearn, and reinvent themselves in a world of perpetual flux. Teachers, 

while fewer in number, will play critical roles as “ethicists, mentors, and human anchors”—ensuring that 

technology remains a servant of humanity, not its master. 

8.4 Global Citizenship and Interplanetary Learning 

By the second half of the 21st century, humanity may extend its footprint beyond Earth, with settlements 

on the Moon or Mars. Education, therefore, will expand to encompass not only “global citizenship” but 

also “interplanetary citizenship”. Children may grow up in diverse cultural, planetary, or even virtual 

realities, requiring curricula that prepare them for ethical decision-making in contexts far beyond current 

human experience. Learning about sustainability, planetary stewardship, and coexistence with intelligent 

machines will become as central as mathematics or literacy.  

Furthermore, the “lingua franca of future education” may not be English or any human language at all 

but hybrid systems combining human languages with machine-readable codes. Children may 
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communicate seamlessly across cultures through AI-mediated translation, diminishing linguistic barriers 

while raising questions about cultural preservation and identity. 

8.5 Ethical and Equity Challenges Beyond 2050   -  The promise of education beyond 2050 is immense, 

but so are the risks. Without careful regulation and global cooperation, advanced technologies may 

“deepen the digital divide”, creating a world where privileged children augment their brains with AI and 

neurotech while others remain excluded from even basic connectivity. This dystopian possibility 

underscores the urgency of embedding principles of equity, inclusion, and sustainability into educational 

systems today, so that the benefits of future innovations are universally shared. There are also 

“existential ethical questions”: How much enhancement is too much? If knowledge can be downloaded 

directly to the brain, what becomes of the learning process? If AI companions become children’s 

primary teachers, how do we preserve the human essence of pedagogy—empathy, care, and moral 

reasoning? The answers to these questions will determine whether education in 2050 liberates humanity 

or fragments it into new hierarchies. 

8.6 The Vision of Education Beyond 2050 

In its most optimistic form, education beyond 2050 could create a “planetary learning commons”—a 

global, inclusive, technology-enhanced system where every child has equal access to knowledge, 

mentorship, and opportunities to thrive. It could foster a generation of learners who see themselves not 

as passive recipients of information but as “agents of planetary change”, equipped with the skills, values, 

and wisdom to tackle humanity’s grand challenges. At its worst, it could lead to educational 

fragmentation, cognitive inequality, and the erosion of human identity under the weight of technological 

determinism. The path humanity takes will depend not only on the tools we invent but on the ethical 

frameworks, policies, and pedagogies we adopt today. 

“In essence, education beyond 2050 will not be about teaching children “what to think”, but empowering 

them with the capacity to think, feel, create, and act in worlds that we cannot yet imagine.” The 

responsibility of today’s educators, researchers, and policymakers is to lay the foundations for such a 

future—ensuring that the education of tomorrow is not only technologically advanced but also 

profoundly humane. 

9. Conclusion 

The 21st century has ushered in a paradigm shift in education, one that is no longer confined to the 

traditional classroom but extends into homes, communities, and digital ecosystems. This paper set out to 

examine how children’s education is being reshaped by future technologies, informal modes of learning, 

and evolving pedagogical strategies. By exploring theoretical frameworks, emerging technological tools, 

pedagogical implications, global case studies, and ethical challenges, the study has illustrated the 

multifaceted and complex nature of this transformation. 

However, it is important to acknowledge certain “limitations” of this study. While it synthesizes existing 

literature and global case studies, it does not provide large-scale empirical data on children’s learning 

outcomes. Future research must include longitudinal studies tracking how children’s informal and 

technology-mediated learning translates into academic achievement, cognitive development, and social-
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emotional growth. Moreover, research should investigate the cultural variations in how children engage 

with technology and the long-term ethical implications of AI-driven learning platforms. 
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