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Abstract-The integration of Artificial Intelligence (AI) into 
education is rapidly transforming pedagogical approaches 
and student support systems. This literature review 
synthesizes insights from five key sources, focusing on the 
development, implementation, and impact of AI-enabled 
intelligent assistants, particularly chatbots and Virtual 
Teaching Assistants (VTAs), across various educational 
contexts, from K12 to higher education. The review delineates 
the evolution of AI education, categorizes its thematic 
applications, and discusses diverse methodologies employed in 
designing AI-driven learning tools. A critical analysis 
addresses the efficacy of these tools in fostering personalized 
learning and enhancing student engagement, while also 
examining the challenges related to technical integration, 
ethical considerations, and inclusivity. Through detailed case 
studies and an  exploration of future directions, this review 
aims to provide a comprehensive understanding of AI's 
transformative  potential and the ongoing research needed to 
realize its full promise in educational settings. 
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1.INTRODUCTION  
 
Artificial intelligence (AI) has become a prominent part of 
modern life, underscoring the increasing importance of AI 
literacy for all citizens, beyond just those in technology 
careers. The landscape of higher education, in particular, is 
undergoing a significant transformation  driven  by  rapid 
advancements in digital technology and the evolving  needs 
 of  a  diverse,  globally distributed student population. 
Traditional teaching methods, while effective in many 
contexts,  often  struggle  to  provide personalized 
support and instant feedback, especially in fields demanding 
substantial text-based learning, critical thinking, and 
analytical skills.  

In response, AI and Natural Language Processing (NLP) have 
emerged as promising technologies with the  potential  to 
revolutionize the educational landscape. AIenabled tools, 
such as Virtual Teaching Assistants (VTAs) and chatbots, 

offer a unique opportunity to bridge the gap between 
traditional teaching practices and the evolving needs of 
students. These advanced software programs are designed to 
interact with users in natural language, providing automated 
information and advice, thereby enhancing communication 
efficiency and offering a more personalized and satisfying 
experience. This review will explore how these intelligent 
assistants are redefining educational support and 
engagement.  

2.Literature Survey  

2.1. Evolution & Definitions  

Early research in AI education materials largely focused on 
introducing terminology, AI use cases, and ethics, with few 
platforms allowing students to learn by creating their own 
machine learning models. This highlighted a need for more 
adaptable and flexible tools for educators with varying 
technical experience. Proposals like "Build-aBot" aim to 
address this by providing an open-source tool for students 
and teachers to create their own transformer-based 
chatbots, thereby learning AI fundamentals through the 
model creation process. This approach emphasizes 
developing AI literacy, described by frameworks like Kim et 
al. (2021) as encompassing AI knowledge, skill (how to use 
AI tools), and attitude (impact and collaboration). The 
ultimate goal is to foster a basic understanding of AI for all 
students, regardless of their career paths.  

Chatbots and virtual assistants are fundamentally defined 
as software programs designed for human-like interaction 
through conversational interfaces. They leverage AI and 
machine learning to continuously improve their 
understanding of natural language and adapt to user needs 
and preferences, enhancing the efficiency and effectiveness 
of communication. The purpose of conversational AI is to 
develop agents that can engage in informative and 
controllable human-like dialogue, understanding questions 
and generating appropriate responses, while also 
comprehending conversational history for multi-turn 
interactions.  

A foundational technology enabling these advancements is 
the Transformer model, which relies entirely on attention 
mechanisms to model dependencies within input and output 
sequences, allowing for parallelization in training that 
previous models like recurrent neural networks lacked. 
Various transformer models have been developed, including 
large-scale models like GPT-3, BERT (Bidirectional Encoder 
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Representations from  Transformers), and T5 (Text-To-Text 
Transfer Transformer). BERT uses transfer learning from 
unlabeled data and can be fine-tuned for tasks such as 
question answering and sentiment analysis. DistilBERT, a 
lighter version of BERT, is often chosen for practical 
applications due to its reduced size and increased speed. T5 
is notable for converting all natural language tasks into a 
text-to-text format.  

2.2.Thematic Categories  

The application of AI in education, particularly through 
chatbots and virtual assistants, manifests across several key 
thematic categories:  

•Personalized and Adaptive Learning: A core benefit of 
AI-enabled systems is their capacity to provide personalized 
and adaptive learning experiences. The Artificial 
Intelligence-Enabled Intelligent Assistant (AIIA) framework, 
for instance, is engineered to reduce cognitive load on 
learners by providing easy access to information, facilitating 
knowledge assessment, and delivering tailored support 
based on individual needs and learning styles. This includes 
offering personalized learning pathways and promoting 
effective knowledge retention through features such as 
dynamic flashcards and intelligent quiz generation. Chatbots 
enable individualized education, adapting to each student's 
unique needs and pace, and offering continuous assessment.  

•Student Support and Engagement: Chatbots significantly 
enhance student support by simplifying access to 
information and fostering engagement. They provide instant 
access to information from various course resources, 
offering 24/7 ondemand assistance that promotes self-
directed learning. Specific student-oriented enhancements 
include dynamic flashcard integration, automated 
questionanswering on course-related topics, embedded 
coding sandbox environments for programming assistance, 
and summarization features for condensed information 
retrieval. Furthermore, systems are designed with context-
aware conversational capabilities, allowing them to adapt to 
a student's communication style and even recognize and 
respond to emotional states with empathy. Chatbots can 
serve as counselors or provide general guidance, and some 
applications demonstrate potential for mental health 
support, reducing symptoms of depression and anxiety.  

•Teacher/Instructor Support: AIenabled tools also offer 
substantial benefits to educators by automating 
administrative tasks, thereby freeing up instructors' time for 
higher-value activities like facilitating discussions and 
providing personalized guidance. Instructor-focused 
enhancements include an auto-evaluator for streamlined 
assignment assessment, automated homework detection 
mechanisms to promote independent learning, and 
automated generation of diverse assessment questions for 
exams or quizzes. These tools provide instructors with 
analytics to monitor student engagement and performance, 
facilitating data-driven decision-making.  

•Technological Frameworks: The development of these AI 
tools relies on robust technological frameworks. Build-a-
Bot, for instance, utilizes a multi-transformer natural 
language pipeline consisting of data collection, data 
augmentation, filtering, intent recognition, and question 
answering. This pipeline design is chosen for its scalability, 
modifiability, and complexity, allowing students to actively 
explore the supervised learning process. The AIIA system 
features a comprehensive architecture for knowledge base 
generation, which involves extracting, parsing, and encoding 
various resources (lecture files, recordings, assignments) 
into text embeddings. OpenAI's textembedding-ada-002 
model is used for this, and cosine similarity is employed to 
identify documents most relevant to a user's query. For 
incorporating audio content, systems like AIIA leverage 
Automatic Speech Recognition (ASR) technologies, such 
as OpenAI's Whisper, to transcribe recorded lectures into 
textual data. The AI-Powered Student Assistance Chatbot 
also integrates Text-toSpeech (TTS) using gTTS and 
SpeechRecognition for voice interactions, alongside 
BeautifulSoup for real-time web scraping of university 
information. These systems are typically deployed with 
robust cyberinfrastructures, including web servers, backend 
logic (e.g., NodeJS, FastAPI), databases (PostgreSQL), and 
APIs for seamless integration with Learning Management 
Systems (LMS) like Canvas.  

2.3. Methodologies  

The development and implementation of AIenabled 
educational tools often follow specific methodologies to 
ensure effectiveness and educational alignment:  

•Constructivist Learning Model: A significant pedagogical 
approach adopted is the constructivist educational model, 
wherestudents construct unique conceptual understandings 
rather than passively receiving information. Build-a-Bot 
directly implements this by allowing students to learn AI 
principles through studying and modifying a complex 
language system and creating their own chatbots. This 
diverges from previous "black-box" chatbot work where 
students had no customization abilities.  

•Iterative Design and Development: Many projects adopt 
an iterative methodology for chatbot development, starting 
with needs identification and progressing through technical 
requirements definition, design and prototype development, 
testing, integration with learning platforms (e.g., Canvas), 
and pilot validation. This ensures continuous refinement 
based on feedback.  

•Data Collection and Augmentation: A crucial step 
involves students collecting and labeling data, typically in 
the form of questions, which are then assigned an "intent" 
(e.g., corresponding to a textbook chapter). To overcome 
limitations of small datasets, data augmentation techniques 
like backtranslation are employed to generate synthetic data 
with similar semantic meaning but different syntactic 
structures. Preliminary keyword filters can also be added to 
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provide precise answers to general questions or distinguish 
between AI and rule-based algorithms.  

•Intent Recognition and Question Answering: The core of 
the language modeling pipeline involves intent recognition 
to classify questions by topic, using models like a BERT-
based architecture trained on student questions. Following 
this, question answering is performed using transformer 
models such as  

DistilBERT for extractive answers (spans of text from 
context) and T5 for generative answers (new text based on 
context). These QA models are typically pre-trained on large 
datasets like the Stanford Question Answering Dataset 
(SQuAD).  

•Evaluation Metrics: The effectiveness of these systems is 
rigorously evaluated using both quantitative and qualitative 
metrics. Technical performance is assessed using measures 
such as BLEU score for translation accuracy, Word Error 
Rate (WER) for speech recognition, and language detection 
accuracy. User experience and pedagogical impact are 
evaluated through user acceptance testing, satisfaction 
surveys, and feedback on usability, accuracy, interaction 
quality, and usefulness.   

3.Critical Analysis  

The sources reveal that AI-driven solutions are strategically 
addressing several critical gaps within traditional 
educational paradigms and current AI education practices. 
Traditional teaching often falls short in providing highly 
personalized support and instant feedback, especially in 
text-intensive domains. Existing AI education, while 
covering terminology and ethics, rarely offers hands-on 
opportunities for students to build and customize machine 
learning models. Chatbots and VTAs directly tackle these 
shortcomings by offering personalized, instant, and adaptive 
learning experiences that significantly enhance student 
engagement and learning outcomes. Benefits and Impact:  

•Promoting AI Literacy: Tools like Build-a-Bot are pivotal 
in fostering broad AI literacy by moving beyond theoretical 
concepts to practical, hands-on model creation, enabling 
students to "tinker" with AI systems.  

•Scalability and Efficiency: AIpowered chatbots offer 24/7 
accessibility and support, drastically reducing the 
dependency on human staff and improving operational 
efficiency through scalable automation. They effectively 
handle routine inquiries, thereby freeing up instructors to 
focus on more complex pedagogical tasks.  

•Enhanced Learning Outcomes: The provision of 
personalized learning pathways, dynamic flashcards, 
intelligent quizzes, and embedded coding sandboxes caters 
to diverse learning styles, fostering comprehension and 
active participation. The inclusion of gamification elements 
further motivates students and enhances the learning 
experience.  

•Increased Accessibility: Multilingual support and voice 
interaction capabilities make these AI tools highly accessible 
to a broad spectrum of students, including those with 
varying linguistic backgrounds, visual impairments, or 
limited digital literacy.  

•Data-Driven Pedagogy: By collecting and processing 
student performance data, chatbots provide valuable 
insights for instructors, enabling them to offer targeted 
feedback and make data-driven decisions to improve 
learning.  

•Development of System Thinking Skills: The pipeline 
design of tools like Build-a-Bot allows students to dissect 
and modify complex systems of multiple transformers and 
data processes, developing their system engineering and 
analysis skills.  

•Mental Health Support: AI chatbots have shown promise 
in providing self-help interventions for university students, 
demonstrating effectiveness in reducing depression and 
anxiety through interactive dialogue.  

Limitations and Challenges:  

Despite the immense potential, the implementation of AI in 
education presents several challenges:  

•Technical Hurdles: Extracting structured information 
from unstructured data formats like scanned PDF files often 
requires advanced Optical Character Recognition (OCR) 
functionality, which is not always fully implemented. 
Moreover, Learning Management Systems (LMS) frequently 
lack standardized data request methods, necessitating the 
development of custom integration libraries. API limitations, 
such as the 25 MB data size constraint for recorded media in 
Whisper ASR, also pose practical difficulties.  

•Model Dynamics: The rapid evolution of underlying AI 
models necessitates continuous updates and adaptations to 
ensure systems remain aligned with state-of-the-art 
techniques.  

•Quantifiable Evaluation: A significant limitation is the 
difficultyin quantifyingresults and establishing deterministic 
accuracy for AI-enabled features like flashcards and quizzes 
without extensive, real-world classroom evaluations.  

•Ethical and Policy Concerns: Paramount among concerns 
are data privacy and security, requiring robust measures 
to protect students' personal information, academic records, 
and prevent unauthorized disclosure. The potential for 
algorithmic bias and the critical issue of academic 
dishonesty (cheating) with AI tools necessitate careful 
design and the implementation of updated institutional 
policies. 

Human Adoption and Training: A notable challenge is the 
reluctance of some educators to adopt chatbots. This 



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 12 Issue: 11 | Nov 2025              www.irjet.net                                                                         p-ISSN: 2395-0072 

  

© 2025, IRJET       |       Impact Factor value: 8.315       |       ISO 9001:2008 Certified Journal       |     Page 437 
 

underscores the critical need for comprehensive training 
and upskilling programs for teachers and support staff to 
effectively integrate and leverage AI-based learning models. 
Furthermore, budgeting and funding  remain an issue for 
increasing accessibility to education for students with 
special needs in higher education settings 

4.Applications & Case Studies  

The sources highlight several concrete applications and case 
studies of AI in education:  

• Build-a-Bot: This open-source tool is designed for K-12 
education, enabling students and teachers to create their 
own transformer-based chatbots using their course 
materials. It provides hands-on learning in data collection, 
data augmentation, intent recognition, and question 
answering processes. The tool utilizes BERT for intent 
recognition and DistilBERT and T5 for extractive and 
generative question answering, respectively. Sample testing 
suites include machine learning concepts and an earth 
science curriculum. 

• Artificial Intelligent Intelligence-Enabled Assistant (AIIA) / 
VirtualTA: This novel web-based framework is developed for 
personalized and adaptive learning in higher education. The 
AIIA system leverages AI and NLP techniques to provide an 
interactive platform capable of understanding and 
responding to student inquiries, generating quizzes and 
flashcards, and offering personalized learning pathways. Its 
capabilities include student-oriented enhancements such as 
dynamic f lashcard integration, automated assessment (quiz 
generation and auto-grading), automated question-
answering on course topics, embedded coding sandboxes, 
summarization of course content, and conversation. context-
aware Instructor-focused enhancements include an auto 
evaluator for assignment assessment, automated homework 
detection, and automated generation of diverse assessment 
questions. The system integrates seamlessly with Learning 
Management Systems (LMS) like Canvas. 

• AI-Driven Student Assistance Chatbot (REVA University): 
This chatbot provides automated, multilingual (English and 
regional languages like Hindi, Kannada, Tamil), and voice-
enabled support within academic institutions like REVA 
University. It addresses common student queries related to 
admissions, fees, scholarships, and placements, aiming to 
reduce dependency on human staff and ensure 24/7 
support. The system achieves high accuracy in language 
detection (>98%), translation (>95%), and low word error 
rates (<8%)  for speech recognition, demonstrating practical 
utility and user satisfaction. 

• University Support Chatbot (Universidad Europea): This 
chatbot is designed for student support and formative 
assessment in higher education, with a particular focus on 
integration into virtual campus environments like Canvas. It 
aims to provide personalized academic support, quick access 

to information from instructor notes, learning 
reinforcement, and ongoing support outside the classroom, 
while simultaneously reducing teacher workload. Pilot 
validation showed positive feedback from students and 
teachers regarding its usability, accuracy, interaction quality, 
usefulness, and overall satisfaction. 

• General Applications: Chatbots and virtual assistants 
have diverse applications in education, including language 
teaching (e.g., "Alexa" as a language learning assistant), 
acting as virtual tutors, and assisting in online education 
by answering FAQs and providing course guidance. They can 
also serve as digital secretaries, providing deadline 
reminders or administrative support. Beyond academics, 
they offer mental health support, demonstrating 
effectiveness in reducing depression and anxiety through 
empathetic interaction. Some are integrated into virtual 
study platforms like "Life at Space" which includes 
productivity tools and AI video interaction. Gamification 
elements, exemplified by language learning apps like 
Duolingo, are integrated to enhance motivation and 
engagement through reward systems and interactive 
assessments. Chatbots are also used to track student 
progress and offer tailored feedback, helping students self-
reflect on learning gaps.  

5. Challenges & Future Directions  

5.1. Challenges  

The successful implementation and widespread adoption of 
 AI-enabled educational tools face several significant 
challenges:  

• Technical Integration: Extracting structured information 
from unstructured data, particularly scanned PDF files, 
remains complex and often requires Optical Character 
Recognition (OCR) functionality. Learning Management 
Systems (LMS) typically lack standardized methods for data 
requests, necessitating the development of custom 
integration libraries. Furthermore, API limitations, such as 
the 25 MB data size constraint for recorded class sessions in 
systems like Whisper ASR, present hurdles that require 
workarounds like video partitioning or compression.  

• System Maintenance and Evolution: The rapid pace of 
advancements in underlying AI models (e.g., LLMs, 
transformers) requires continuous updates and adaptations 
to ensure systems remain state-of-the-art and perform 
optimally.  

• Evaluation and Validation: Quantifying the precise 
impact and establishing deterministic accuracy for AI-
enabled features like flashcards and quizzes is challenging 
without extensive, rigorous classroom evaluation and real-
world testing.   

                 

• Ethical and Social Concerns: Ensuring academic 
integrity and preventing cheating with AI-based VTAs is a 
critical and underexplored area. Data privacy and security 
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are paramount, necessitating robust policies to protect 
personal information, academic records, and to prevent 
invasive surveillance. Algorithmic bias in AI systems is also 
a significant ethical concern that needs to be addressed 
during design and implementation.  

• Inclusivity and Accessibility: Designing AI tools to be 
inclusive and accessible for all students requires careful 
consideration of diverse learning needs, including 
accommodating various languages, dialects, and accents, 
and respecting cultural differences. Compliance with web 
content accessibility guidelines (WCAG) is essential to 
ensure usability for students with disabilities.  

• Adoption and Training: Some educators express 
reluctance towards integrating chatbots into their teaching 
practices. This highlights a crucial need for comprehensive 
training and upskilling programs for both educators and 
support staff to familiarize them with AI-based learning 
models and guide students effectively.  

• Financial and Institutional Barriers: Budgeting and 
securing funding for AI initiatives remain significant issues, 
particularly in increasing accessibility for students with 
disabilities in higher education settings. Institutional 
policies and limitations may also complicate the adoption 
and deployment of AI-driven tools.  

5.2.Future Directions  

To fully realize the potential of AI in education, several key 
areas for future research and development have been 
identified:  

• System Expansion and Accessibility: Future work 
includes expanding access to AI tools across all operating 
systems and improving accompanying documentation. 
There is a need to investigate the feasibility of integrating AI 
assistants with a broader range of LMS platforms to ensure 
compatibility across diverse institutions. Developing 
mobile-first versions for offline use and real-time campus 
alerts will enhance accessibility and user convenience.  

• Enhancing AI Capabilities: Research should focus on 
improving natural language understanding capabilities 
through advanced NLP techniques such as semantic parsing, 
entity recognition, and sentiment analysis. Developing more 
sophisticated adaptive learning algorithms is crucial to 
personalize AI assistants further, addressing the unique 
needs and learning styles of each student. Integrating 
multimodal resources, including video lectures, interactive 
simulations, and visual aids, will provide more 
comprehensive and diverse learning support. Continued 
advancements in emotional intelligence and empathy in AI 
are expected to lead to more human-like and supportive 
interactions.  

• User Engagement and Collaboration: Future efforts 
should aim to implement real-time video interaction 

features, enabling students to virtually attend lectures, ask 
questions, and receive immediate feedback from AI 
assistants or instructors. Enhancing features that foster 
collaboration between instructors and AI assistants will 
allow for shared content and coordinated support for 
students. Integrating gamification elements within AI 
systems can further motivate students and create more 
enjoyable learning experiences.  

• Rigorous Evaluation and Research: Conducting rigorous 
user feedback and evaluation studies is essential to gather 
insights into the effectiveness and usability of AI tools. 
Longitudinal studies are needed to assess the long-term 
impact of AI systems on student performance, retention, and 
overall academic outcomes.  

• Ethical Considerations and Policy Development: 
Continued investigation into the ethical implications of 
using AI in education is vital, addressing concerns related to 
data privacy, algorithmic bias, and the potential impact on 
the human role in education. The establishment of 
appropriate policies and regulatory bodies is crucial to 
ensure the responsible and equitable use of AI in the 
educational landscape.   

6. CONCLUSION  

The analysis of the provided sources unequivocally 
demonstrates that AI-enabled intelligent assistants, 
particularly chatbots and virtual teaching assistants, 
represent a significant paradigm shift in the education 
sector. These technologies are poised to revolutionize 
traditional learning paradigms by offering highly 
personalized and adaptive learning experiences, enhancing 
student engagement, and substantially improving efficiency 
for instructors. Key benefits include providing 24/7 access 
to information, facilitating customized learning pathways, 
enabling automated assessments, and fostering critical 
thinking and system analysis skills among students.  

While the transformative potential is immense, the journey 
is not without its challenges. Technical hurdles such as 
integrating with diverse LMS platforms and processing 
unstructured data, coupled with ethical considerations 
regarding data privacy, algorithmic bias, and academic 
integrity, demand ongoing attention and robust solutions. 
Furthermore, ensuring inclusivity and accessibility for all 
learners, alongside the critical need for training and 
upskilling educators, are essential for successful, equitable 
implementation. Despite these complexities, the continuous 
research and development outlined in the sources indicate a 
clear trajectory toward addressing these limitations. The 
proactive and responsible integration of AI technologies 
promises to empower learners, reshape teaching 
methodologies, and ultimately, elevate the future trajectory 
of higher education.   
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