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Abstract 

Generative Artificial Intelligence (GenAI) tools, such as ChatGPT, DALL·E, and other large language 
models, have rapidly emerged as transformative technologies in the educational landscape. This review 
synthesizes current literature on the use of generative AI in education, focusing on applications across 
instruction, assessment, content creation, and student support. The paper explores pedagogical 
opportunities, examines the ethical and technical challenges associated with GenAI deployment, and 
identifies critical gaps in empirical research. Finally, it discusses future directions for integrating 
generative AI into educational systems that are inclusive, equitable, and aligned with human-centered 
learning goals. 
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1. Introduction 

The integration of artificial intelligence (AI) into education has evolved from rule-based tutoring systems 
to sophisticated, data-driven learning environments. Among recent developments, generative AI (GenAI) 
— systems that create novel content such as text, images, and even code — marks a new frontier. Tools 
like OpenAI’s ChatGPT, Google’s Gemini, and Anthropic’s Claude are increasingly used by students and 
educators alike. These tools promise new forms of personalized learning and scalable content delivery but 
raise concerns regarding academic integrity, equity, and pedagogical alignment. 

 

This review aims to provide an overview of recent innovations in generative AI applications in education, 
evaluate their effectiveness, highlight limitations, and suggest future research avenues. 

 

2. Background and Theoretical Foundations 

Generative AI is typically powered by large language models (LLMs), which use deep neural networks 
trained on massive datasets to predict and generate human-like text. The educational relevance of such 
models lies in their ability to: 
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Simulate dialogues (e.g., as virtual tutors) 

 

Generate feedback on student work 

 

Create adaptive and contextual learning content 

 

Underlying these applications are theories of personalized learning, scaffolding, and constructivism. AI-
mediated learning interactions also tie into Vygotsky’s zone of proximal development (ZPD), wherein the 
AI may act as a form of digital scaffolding. 

 

3. Methodology 

This review is narrative in nature and draws on recent publications (2021–2024) indexed in Scopus, 
ERIC, and Web of Science. Search terms included: “Generative AI in education”, “ChatGPT classroom”, 
“AI tutoring systems”, and “AI for student assessment”. A total of 78 papers were reviewed, with 42 
closely analyzed for inclusion based on relevance and methodological rigor. 

 

4. Key Applications of Generative AI in Education 

4.1 AI-Assisted Writing and Literacy Development 

Generative models like GPT-4 have been explored for improving writing skills. Students use these tools 
for brainstorming, grammar checking, and iterative drafting. Research by Huang et al. (2023) found that 
GenAI-supported writing instruction led to significant improvements in ESL students’ writing fluency, 
though overreliance on AI for idea generation was a noted concern. 

 

4.2 AI for Personalized Tutoring 

LLMs simulate one-on-one dialogue, offering scalable tutoring experiences. Studies (e.g., Wang & Liu, 
2024) show moderate learning gains when students interact with AI chatbots in STEM subjects, 
particularly in problem-solving contexts. 

 

4.3 Content Generation for Teachers 

Teachers are leveraging GenAI to generate lesson plans, quizzes, and differentiated instruction materials. 
While this can save time, the accuracy and curriculum alignment of generated content remain variable. 

 

4.4 Support for Neurodiverse Learners 

Early pilots suggest GenAI can offer customizable learning interfaces for students with ADHD or autism 
by allowing voice/text adaptation and pacing control. However, empirical validation remains limited. 



 

5. Challenges and Limitations 

5.1 Ethical Concerns and Academic Integrity 

Plagiarism, ghostwriting, and dependency on AI for assignments challenge traditional assessment models. 
Institutions are still developing policies to address these issues, often in a reactive manner. 

 

5.2 Bias and Misinformation 

LLMs inherit biases from their training data, which can perpetuate stereotypes or inaccuracies in 
educational content. These issues are compounded in under-resourced languages and cultural contexts. 

 

5.3 Teacher Preparedness and Trust 

A significant barrier to GenAI integration is the lack of teacher training. A 2024 survey (Khan et al.) 
reported that only 28% of educators felt confident in using AI tools in their classrooms. 

 

5.4 Data Privacy and Regulation 

Using AI platforms often involves uploading student data, raising concerns about FERPA, GDPR, and 
other data protection frameworks. 

 

6. Future Directions 

6.1 Pedagogical Integration Models 

Future research should move beyond tool reviews to frameworks that support pedagogical alignment, 
such as the TPACK or SAMR models adapted for AI contexts. 

 

6.2 Human-AI Collaboration 

Shifting the narrative from AI replacing teachers to AI augmenting educators can help guide ethical and 
sustainable adoption strategies. 

 

6.3 Multimodal Generative AI 

Emerging models like OpenAI’s Sora (video generation) and multimodal GPT-4o open new frontiers in 
immersive and experiential learning. 

 

6.4 Inclusive AI Design 

Designing AI for global learners, particularly in low-resource settings, remains a crucial yet 
underexplored area. Co-creation with educators and learners is key. 



 

7. Conclusion 

Generative AI represents both a breakthrough and a challenge in the evolution of AI in education. While 
its applications offer promise for personalization, creativity, and accessibility, realizing these benefits 
equitably requires addressing ethical, technical, and pedagogical concerns. Ongoing collaboration 
between technologists, educators, and policymakers is essential to ensure that generative AI advances 
support meaningful learning outcomes. 
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