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Abstract
The rapid advancement of computing technologies has brought a paradigm shift in the field of education and skill development, redefining traditional teaching–learning practices. The integration of Educational Technology (EdTech), virtual laboratories, artificial intelligence (AI), and digital learning platforms has enhanced the accessibility, flexibility, and effectiveness of education at all levels. In the context of India, initiatives such as the National Education Policy (NEP) 2020 emphasize digital transformation in higher education, multidisciplinary learning, and the development of future-ready skills aligned with emerging technologies. This research paper examines the role of computing in education and skill development, focusing on how EdTech platforms, virtual labs, and AI-enabled systems contribute to personalized learning, experiential education, and collaborative skill development. The study also analyzes the impact of digital transformation on higher education institutions and the importance of upskilling India’s youth in areas such as digital literacy, computational thinking, problem-solving, and industry-relevant technical competencies. A qualitative review of recent scholarly literature, peer-reviewed journals, and policy documents forms the basis of the study, ensuring originality, academic integrity, and evidence-based conclusions. The findings reveal that computing-driven education fosters inclusive learning environments, enhances employability, and promotes lifelong learning, while simultaneously addressing the evolving demands of the digital economy. The analysis of instructional design approaches highlights that problem-based learning, experiential learning, collaborative learning, and personalized learning models dominate AI-supported pedagogy, facilitating practical skill acquisition and knowledge application. The study also identifies that mixed-methods research is the prevailing approach in this field, combining quantitative assessment with qualitative insights to better understand the impact of digital tools and AI on learner engagement and skill development. Despite these benefits, challenges such as the digital divide, limited infrastructure, gaps in teacher training, and ethical concerns related to technology use remain significant. The paper emphasizes that effective integration of computing technologies must be accompanied by institutional support, policy frameworks, and professional development for educators to maximize learning outcomes. Furthermore, AI-driven adaptive learning systems, virtual laboratories, and EdTech platforms are shown to enhance problem-solving, critical thinking, and technical proficiency, aligning with the objectives of NEP 2020 and global skill development initiatives. In conclusion, this study underscores that computing in education is not merely a supplementary tool but a transformative enabler. By leveraging AI, virtual labs, and EdTech platforms alongside learnercentered instructional designs, education systems can cultivate holistic skill development, workforce readiness, and digital competence among students. The paper provides insights for educators, policymakers, and institutions seeking to implement technology-enabled, inclusive, and sustainable educational practices to prepare learners for the challenges of the 21st-century digital era.
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3. METHODOLOGY
1. Research Design
The present study adopts a qualitative descriptive research design, supported by insights from systematic review methodologies reported in recent scholarly literature. The objective of this methodology is to critically analyse how computing technologies contribute to education and skill development, with specific emphasis on EdTech platforms, virtual laboratories, artificial intelligence (AI), digital transformation in higher education, and NEP 2020. A qualitative approach is appropriate for this study as it allows for an in-depth understanding of concepts, trends, and patterns rather than numerical measurement alone.
1. Data Sources
The research is entirely based on secondary data, collected from peer-reviewed journal articles, international research publications, policy documents, and reputed academic databases. Key sources include:
1. ERIC-indexed journal articles on AI and collaborative learning
1. MDPI Applied Sciences journal (Vol. 15, Issue 7, Article 3960)
1. Taylor & Francis publications on digital tools and human–computer interaction
1. UNJA journal articles on adaptive learning platforms
1. National Education Policy (NEP) 2020 policy document
These sources were selected due to their academic credibility, relevance to the research topic, and recent publication timelines, ensuring the inclusion of up-to-date research findings.
1. Research Method Selection Criteria
To maintain rigor and relevance, studies were selected based on the following criteria:
1. Focus on computing technologies in education or skill development
1. Empirical, review-based, or systematic research methodologies
1. Relevance to higher education, professional education, or youth upskilling
1. Published between 2020 and 2025
Articles not aligned with educational contexts or lacking methodological clarity were excluded. This structured selection approach improves the reliability and validity of the findings.
1. Methodological Framework from Existing Literature
The methodological foundation of this study is informed by the systematic review framework adopted in the MDPI Applied Sciences (2025) article, which follows PRISMA 2020 guidelines. The referenced study systematically reviewed 31 peer-reviewed articles to analyse AI-supported instructional practices in computer science education. Although the present research does not conduct a new systematic review, it applies similar thematic synthesis and classification principles to analyse existing literature in an organized and original manner.
1. Research Method Distribution (Pie Chart Representation)
Based on the MDPI study, research methodologies used in computing and AI-based education studies were categorized into quantitative, qualitative, and mixed-methods approaches. This classification is represented in the research through a pie chart, illustrating the distribution of methodologies as follows:
(Figure 1, Adapted from Gaitantzi & Kazanidis (2025), Applied Sciences, MDPI; Isaeva et al. (2025), Taylor & Francis Online.)
1. Mixed-methods approach – 61%
1. Quantitative approach – 29%
1. Qualitative approach – 10%
The distribution of research methods on computing and AI-based education reveals a clear preference for mixed-methods approaches, as highlighted in recent systematic reviews. Mixed-methods research combines quantitative techniques such as surveys, experiments, and performance metrics with qualitative methods including interviews, observations, and thematic analysis. This dominance indicates that researchers recognize the complexity of technology-enabled learning environments, where numerical learning outcomes alone are insufficient to explain learner engagement, skill acquisition, and pedagogical effectiveness. Quantitative methods are primarily used to measure improvements in academic performance and skill attainment, while qualitative approaches explore learner experiences, instructional challenges, and contextual factors. The relatively smaller proportion of purely qualitative studies suggests that, although valuable for in-depth insights, they are often complemented by empirical data to strengthen validity. Overall, the methodological distribution demonstrates a balanced and rigorous research trend, emphasizing comprehensive evaluation of computing technologies in education and reinforcing the reliability of findings reported in the existing literature.
1. Instructional Design Approaches Supported by AI (Pie Chart Representation)
A key methodological component of this research is the inclusion of a pie chart representing instructional design approaches supported by artificial intelligence, as identified in the MDPI study. Instructional design refers to the pedagogical structures through which computing technologies and AI are applied to enhance learning and skill development.
(Figure 2, Adapted from Gaitantzi & Kazanidis (2025), Applied Sciences, MDPI; Cherbonnier et al. (2025), Journal of Interactive Learning Research (UNJA).)
The instructional design approaches identified include:
1. Problem-Based Learning (PBL): AI supports learners in solving real-world and complex
problems by providing adaptive hints, guided feedback, and solution pathways.
1. Experiential Learning: AI-powered virtual labs and simulations enable hands-on practice,
allowing learners to apply theoretical concepts in realistic digital environments.
1. Collaborative Learning: AI facilitates peer interaction, group discussions, and cooperative
problem-solving through intelligent coordination and recommendation systems.
1. Self-Paced and Personalized Learning: AI-driven platforms adapt instructional content,
pace, and difficulty levels according to individual learner performance.
The dominance of problem-based and experiential learning in the pie chart reflects the growing emphasis on applying knowledge to practical and real-world contexts, which is especially critical in computing education. These instructional designs encourage active learning, critical thinking, and decision-making, all of which are essential for developing technical and professional skills. AI-enhanced instructional models enable learners to experiment, make mistakes, and receive immediate feedback, thereby strengthening conceptual understanding and practical competence.
The pie chart illustrates that problem-based and experiential learning approaches form the largest proportion of AI-supported instructional designs, followed by collaborative and personalized learning models. This visual representation highlights a clear pedagogical shift from content-centered teaching toward learner-centered, skill-oriented instructional models.
3.DISCUSSION
The findings of this study highlight the transformative role of computing technologies in education and skill development, particularly through the integration of artificial intelligence (AI), EdTech platforms, virtual laboratories, and learner-centered instructional design models. Analysis of existing literature indicates that computing has shifted education from a content-driven paradigm to a skill-oriented and learner-centered approach, where active participation, personalization, collaboration, and experiential learning are emphasized. This transition reflects a broader move toward education systems that prioritize practical competencies, adaptability, and lifelong learning to meet the demands of the digital economy.
One of the key insights emerging from the research method distribution is the dominance of mixedmethods approaches in prior studies. This methodological preference reflects the complexity of computing-based education, where learning outcomes depend not only on quantifiable academic performance but also on qualitative factors such as learner engagement, motivation, digital readiness, and instructional design effectiveness. The prevalence of mixed-methods research strengthens the credibility of existing findings and supports the present study’s qualitative descriptive approach, which enables a comprehensive understanding of how computing technologies influence both educational processes and skill development outcomes.
Further analysis of the instructional design distribution reveals the prominence of problem-based, experiential, collaborative, and personalized learning models, particularly in AI-supported environments. The presence of collaborative and personalized learning approaches highlights AI’s dual role in supporting both social and individual learning processes. Collaborative learning environments foster communication, teamwork, and peer interaction—skills increasingly valued in modern workplaces—while personalized learning enhances inclusivity by accommodating diverse learning styles, abilities, and paces. This balance is especially significant in higher education contexts, where student populations are diverse in terms of academic preparedness and socioeconomic background.
From a policy perspective, the findings strongly align with the vision of the National Education Policy (NEP) 2020, which emphasizes digital infrastructure, experiential learning, interdisciplinary education, and technology integration across curricula. The evidence suggests that computing technologies act as practical enablers of NEP 2020’s objectives by promoting flexibility, accessibility, and employability-focused education. Despite these advantages, the discussion also reveals persistent challenges associated with computing in education. Issues such as the digital divide, inadequate infrastructure, insufficient faculty training, data privacy concerns, and ethical implications of AI usage continue to hinder equitable implementation. These challenges indicate that technological adoption alone is insufficient; it must be supported by institutional capacity building, continuous professional development for educators, and inclusive policy frameworks to ensure sustainable and ethical integration.Overall, the discussion underscores that computing technologies are not merely supplementary tools but central drivers of educational innovation and skill development. Their impact is maximized when integrated with effective instructional design models, supportive policy frameworks, and ethical implementation strategies. As higher education systems continue to evolve under digital transformation, computing will play a crucial role in preparing learners for future technologies, interdisciplinary careers, and dynamic workforce demands, reinforcing its significance in shaping resilient and inclusive education systems.
4.CONCLUSION
Computing technologies have become central to modern education and skill development, transforming traditional teaching into learner-centered, skill-focused learning environments. The integration of artificial intelligence (AI), EdTech platforms, virtual laboratories, and structured instructional design models enhances both cognitive and practical competencies, enabling learners to meet the evolving demands of the digital and knowledge-driven economy. Insights from studies published in MDPI Applied Sciences (2025), ERIC (EJ1394986), Taylor & Francis (2024), and UNJA (2025) confirm that computing-supported education promotes adaptive, experiential, and collaborative learning, effectively bridging the gap between theoretical knowledge and real-world application.
Research methodology trends further strengthen these findings, revealing the dominance of mixedmethods approaches that combine quantitative measurements of learning outcomes with qualitative insights into learner engagement, motivation, and pedagogical effectiveness (Gaitantzi & Kazanidis, 2025; Isaeva et al., 2025). This methodological preference highlights the multidimensional nature of computing-based education, where success is determined not only by academic performance but also by learner experience, accessibility, and instructional quality. Such evidence supports the need for holistic evaluation frameworks when assessing technology-enhanced learning environments.
The instructional design distribution illustrated in Figure 2 shows that problem-based and experiential learning are the most widely adopted AI-supported strategies, followed by collaborative and personalized learning models. Problem-based and experiential approaches encourage learners to apply concepts in practical contexts, fostering critical thinking and problem-solving abilities. At the same time, AI-powered virtual laboratories provide safe, scalable, and cost-effective environments for hands-on experimentation. Collaborative and personalized learning models further strengthen communication skills, adaptability, and individual progression, reinforcing employability and lifelong learning outcomes (Applied Sciences, 2025; Cherbonnier et al., 2025).
These outcomes closely align with the objectives of India’s National Education Policy (NEP) 2020, which emphasizes digital infrastructure, interdisciplinary learning, technology integration, and youth upskilling (ERIC EJ1394986; Taylor & Francis, 2024). Computing technologies serve as key enablers of NEP 2020 by supporting flexible learning pathways, inclusive education, and skilloriented curricula. However, persistent challenges such as the digital divide, uneven infrastructure, faculty training gaps, and ethical concerns related to AI continue to limit equitable adoption.
In conclusion, computing technologies function as transformative enablers of educational innovation and skill development. When AI, virtual labs, and EdTech platforms are integrated with learnercentered instructional designs and supportive policy frameworks, they significantly enhance learning outcomes, critical thinking, and workforce readiness. Addressing infrastructure constraints and ethical considerations will be essential to ensure the sustainable and inclusive implementation of computing in education, enabling learners to thrive in future technologies and an increasingly digital global economy.
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