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Abstract: This project developed an Al-powered tutor to support K-12 students by offering personalized, adaptive learning and
instant feedback. Using technologies like Retrieval-Augmented Generation (RAG), Large Language Models (LLMs), and tools
like Ollama and LangFlow, the tutor delivers accurate, context-aware responses in natural language.Designed to complement—
not replace—traditional teaching, the tutor targets areas where students typically struggle. It operates in two phases: ingestion
(processing and storing educational content) and runtime (retrieving relevant information to answer student queries).While
acknowledging challenges like the digital divide, data privacy, and Al bias, the project demonstrates the tutor's potential to
enhance learning accessibility, engagement, and effectiveness.
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I. INTRODUCTION
Education has long been central to human development, evolving over millennia from ancient systems like the Gurukul in India—
where students lived and learned under the guidance of a guru—to the more structured and standardized education models
developed during the industrial era. These shifts mirrored broader societal changes, emphasizing efficiency, uniformity, and large-
scale content delivery over individualized instruction (Chassignol et al., 2018; Goksel& Bozkurt, 2019). While such systems
achieved widespread literacy and basic skills development, they often failed to address the diverse needs of individual learners.
The digital age marked a new chapter, introducing tools like projectors, smartboards, and online learning platforms that offered
greater access and interactivity. More recently, the advent of Artificial Intelligence (Al) has emerged as a transformative force in
education. Al technologies, including machine learning, natural language processing, and data analytics, enable scalable, adaptive,
and personalized learning experiences (Ayeni et al., 2024; Chen et al., 2020). Countries like the U.S., China, and several European
nations have begun integrating Al-driven tools such as DreamBox, Squirrel Al, and emotion-aware classroom technologies into
educational settings (Baig et al., 2024; Salem, 2024). Although adoption remains uneven—especially in K-12 settings—the global
pivot to remote learning during the COVID-19 pandemic significantly accelerated interest in Al-powered education (Chiu et al.,
2023; Ali et al., 2024).
A key strength of Al in education lies in its potential to personalize learning. Unlike traditional classrooms that often struggle to
differentiate instruction for large groups, Al tutors can adapt in real time to individual learner needs. These systems provide instant
feedback, adjust content difficulty, monitor learning trajectories, and even detect student emotions to deliver more engaging and
supportive interactions (Kochmar et al., 2020; Rizvi, 2023). Tools like Squirrel Al allow students to master concepts at their own
pace, helping bridge learning gaps and support equitable outcomes.
Nonetheless, several challenges hinder widespread adoption. These include the digital divide, concerns over data privacy and
algorithmic bias, and fears around teacher displacement (Akgun & Greenhow, 2021; Celik et al., 2022). While some critics worry
that Al might undermine human educators, most scholars argue that Al should augment rather than replace teachers—automating
routine tasks while allowing educators to focus on higher-order pedagogical responsibilities (Tuomi, 2018; Cope et al., 2020).
Al tutors, in particular, offer a promising avenue for addressing long-standing issues in K-12 education. As the technology evolves,
Al tutors are likely to integrate features such as collaborative learning support, emotional intelligence, and multilingual capabilities.
These advancements have the potential to make learning more dynamic, inclusive, and accessible to diverse populations globally
(Baillifard et al., 2023; Singh et al., 2024).
This project will focus on developing an Al tutor tailored for school students, aiming to deliver personalized instruction, real-time
feedback, and adaptable learning paths. Beginning with an open-source prototype, the system will be tested with a small group of
learners.
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The long-term goal is to create a scalable, ethical, and effective Al-powered educational companion that enhances student outcomes
and reduces disparities in traditional education systems.

Il. OBJECTIVE& METHODOLOGY
A. Objective & Approach
This project aimed to develop an Al tutor focused on helping school students—especially in Physics—by offering personalized,
adaptive support. Designed as a supplemental tool, not a teacher replacement, the tutor enhances learning through instant feedback
and tailored instruction. A key use case centers on the Physics chapter “Motion,” showing how complex topics can be simplified for
better understanding.

B. Development Process

The project followed a phased approach:

1) Educational System Analysis — Identified classroom challenges and gaps where Al could provide meaningful support.
2) RAG Implementation — Enabled real-time, accurate responses by retrieving trusted external information.

3) LLM Integration — Used GPT-style models for natural, conversational interaction.

4) RAG + LLM Synergy — Combined retrieval and generation for precise, context-rich answers.

C. Methodology

1) Design — Built for K-12, focusing on Physics to aid in concept reinforcement and problem-solving.

2) Tutoring Role — Supported teachers by reinforcing classroom lessons, letting educators focus on critical thinking and
collaboration.

3) Student Feedback — Surveyed 113 students to gather insights for refining usability and adaptability.

D. Technologies Used

1) RAG - Ensured answers were current, accurate, and aligned with academic standards.

2) LLMs (e.g., GPT) — Enabled peer-like, intuitive conversations for easier comprehension.

3) Ollama + Llama3 — Delivered step-by-step, customized explanations tuned to each student’s learning path.
4) LangFlow — Structured dialogues for coherent and engaging topic progression.

5) ChromaDB - Stored and retrieved content embeddings for precise, context-specific responses.

111. DATAANALYSIS
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Graph 1: Word cloud of “Perfect Learning Experience”

The word cloud reveals that children value learning experiences that are enjoyable, interactive, and creatively stimulating.
Prominent terms like “fun,” *hands-on,” “creative,” and “engaging” suggest that students respond best to dynamic, play-based
approaches rather than passive instruction. Words such as “art-based,” “experiments,” “interactive technology,” and “group
projects” reflect a preference for multisensory learning that combines visual, auditory, and kinaesthetic elements, along with
opportunities for collaboration.

Additionally, the appearance of phrases like “real life examples” and “explore topics” highlights the importance of relevance and
autonomy in learning—students are more engaged when content is connected to their everyday experiences and when they can
follow their curiosity. These insights reinforce the need for an Al tutor that goes beyond delivering information; it should offer
personalized, adaptive learning paths, simulate collaborative environments, and make learning an engaging, meaningful journey
tailored to each child’s interests and style.
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Key Observations (from multiple graphs like histogram, correlation matrix):

1) The correlation analysis offers key insights for designing an effective Al tutor. A moderate negative correlation between hands-
on learning and group work (-0.25) suggests that students who enjoy experiential activities may prefer individual tasks over
collaboration. To support this, the Al tutor should include interactive simulations and allow flexible learning modes. A weak
correlation (0.023) between prior Al use and the belief that Al makes learning fun indicates that familiarity doesn't guarantee
enthusiasm—rhighlighting the need for engaging features like gamified feedback and storytelling to win over users. Another
negative correlation (-0.18) between self-paced learning and interactive lessons implies that while interactivity is valuable, it
must be balanced to avoid disrupting individual flow. Finally, the minimal link (0.065) between a preference for real-life
examples and digital tools shows these are independent needs—so the tutor should thoughtfully integrate both relatable content
and supportive tech features to enrich learning.

2) The data analysis reveals several key insights into students' learning preferences, directly informing the design of an effective
Al tutor for K-12 learners. A recurring theme across responses is that children value learning experiences that are engaging,
interactive, and relatable. Words like "fun,” “creative,” "hands-on,” and "real-life examples" were frequently mentioned,
emphasizing a strong preference for immersive, experience-based learning. Students also expressed a desire for exploration,
autonomy, and variety in how content is presented, suggesting that the Al tutor should incorporate multisensory inputs,
gamified elements, and context-rich explanations.

3) Hands-on learning emerged as a particularly popular method, with most students showing a strong preference for activities such
as experiments and model-building. However, some of these learners showed a lower preference for group work, suggesting
that the Al tutor should offer solo, self-directed activities while also supporting collaborative features for those who enjoy peer
interaction. Similarly, many students favoured auditory learning—such as listening to explanations or watching videos—
indicating the value of voice-based interaction and multimedia content in the tutor's design.

4) Students also indicated a preference for learning at their own pace, reinforcing the need for personalized pathways that adapt to
each learner's speed and comprehension level. Self-paced learning was often favoured over fixed schedules, further justifying
the tutor’s adaptive capabilities.

5) In addition to interactivity, learners showed strong support for features like quizzes and games, viewing them as effective tools
for reinforcing concepts. The inclusion of real-life examples was also highlighted as a key factor in keeping students engaged,
signaling the importance of contextualized learning that relates to everyday experiences.

6) There was clear openness to using technology in education. Most students already engage with digital tools and Al-powered
platforms, and many believe Al can make learning more fun and effective. While prior exposure to Al didn’t always correlate
with positive perception, students overwhelmingly agreed that Al has the potential to enhance their educational experience.

7) In summary, the findings strongly support the development of an Al tutor that is personalized, interactive, flexible, and context-
aware. It should support various learning styles—visual, auditory, and kinaesthetic—while providing both independent and
collaborative learning opportunities. By aligning with these preferences, the Al tutor can offer a more engaging, effective, and
inclusive learning experience for children.

IV. NEW FRAMEWORK IMPLEMENTED
This Al Tutor redefines digital education by delivering a learning experience that mirrors the personalized support of a human tutor.
Built on a sophisticated Retrieval-Augmented Generation (RAG) framework, it combines empathetic interaction with adaptive
teaching strategies to support students academically and emotionally.
1) Student-Centered Design
The tutor enables students to communicate naturally—asking questions, expressing confusion, or seeking study guidance. Advanced
Natural Language Understanding (NLU) interprets not just the content but also the student’s emotional state and intent, enabling
deeper, more personalized interactions.

2) Tailored Learning Support

Drawing from a rich, curated knowledge base, the Al Tutor delivers responses aligned with each student’s grade level, subject, prior
knowledge, and learning preferences. It doesn't just retrieve information but intelligently selects and synthesizes the most relevant
content, emulating the thought process of a skilled human tutor.
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3) Holistic and Adaptive Responses

The Al delivers clear, accurate explanations, enriched with examples and analogies. It scaffolds learning using proven pedagogical
strategies like active recall, while also offering emotional encouragement. Its responses are actionable, adaptive, and tailored to
individual learning styles, creating a positive, engaging learning environment.

4) Core Advantage

Unlike basic Q&A systems, this Al Tutor offers a truly personalized, emotionally intelligent, and pedagogically sound learning
experience. Its foundation in RAG technology allows it to combine vast knowledge with empathy and adaptability—empowering
students to learn effectively and confidently.

V. IMPLEMENTATION
This Al tutor uses the RAG approach to answer questions based on specific educational content rather than just general Al
knowledge.
1) Phase 1: Knowledge Base Setup
o File Loader: Loads source material (e.g., textbook chapters) as raw text.
e Text Splitting: Breaks the raw text into overlapping chunks (~1000 characters) to maintain context.
o Embedding Generation: Converts each chunk into semantic numerical embeddings using a local model (Ollama Embeddings).
e Vector Storage: Stores text chunks and embeddings in a local vector database (Chroma DB) for efficient semantic search.

2) Phase 2: Answering User Questions

e User Input: Captures student questions via chat.

e Context Retrieval: Embeds the question and searches Chroma DB to find the most relevant text chunks.

e Prompt Formulation: Combines a predefined Al tutor persona, the user's question, and the retrieved context into a complete
prompt.

e Al Response Generation: Uses a local LLM (llama3 via Ollama) to generate an answer based on the prompt.

o Display Output: Presents the Al-generated answer back to the student in the chat interface. This flow ensures the tutor provides
contextually relevant, accurate, and personalized responses grounded in specific educational materials.

Al Bot Implementation and Analysis

The Al chatbot is designed to create a welcoming and engaging environment for users by starting conversations with friendly, open-
ended greetings. This approach helps establish a positive tone and encourages users to share their needs or interests comfortably. For
example, it asks how it can assist and responds warmly to the user’s replies, often using emaojis or casual language to build rapport
and promote continued interaction.

The bot demonstrates empathy by recognizing and addressing the user's emotional state, such as boredom. It offers personalized
suggestions to re-engage the user, including telling jokes or proposing interesting educational activities. This supportive tone helps
maintain user interest and creates a more enjoyable learning atmosphere.

While the chatbot aims to be an informative assistant capable of answering diverse questions, its knowledge base is sometimes
limited. When asked about popular topics outside its dataset—such as well-known sports figures or current events—it politely
indicates the lack of information and encourages the user to ask about other subjects within its domain. This shows a clear boundary
of the bot’s expertise, highlighting the importance of maintaining an updated and comprehensive knowledge base for better
performance.

When users express specific academic goals, such as dedicating significant time to learning physics, the bot responds by
acknowledging their commitment and providing tailored learning plans. It offers structured guidance that breaks down complex
subjects into manageable units, promoting deep exploration through a balance of theory and practical application. For example, if a
user chooses to study “Motion,” the bot creates a detailed weekly schedule covering various subtopics, helping the learner progress
systematically.

The bot’s explanations are comprehensive and pedagogically sound. It clarifies key concepts like distance vs. displacement, speed
vs. velocity, and acceleration, often providing formulas, examples, and suggested hands-on activities (e.g., experiments with toy
cars, plotting graphs).
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To keep learning engaging, it includes interesting facts and invites further questions or requests for additional examples,
encouraging active participation.

Emotional intelligence is integrated into the chatbot’s design to make interactions feel more human. It responds to emotional cues by
balancing humour and educational content, such as sharing physics-related puns to lighten the mood. When users choose to end the
session, the bot closes the conversation politely and positively, leaving the door open for future engagement.

In summary, the Al tutor combines a friendly, empathetic conversational style with a focused, adaptive educational approach. It
supports personalized learning journeys with clear explanations, relevant examples, and interactive activities, while maintaining user
engagement through humour and emotional awareness. However, the bot’s effectiveness is influenced by the scope and currency of
its knowledge base, which can limit responses to certain queries.

VI. STUDENT RESPONSES AND INTERPRETATION
The Al tutor was tested by 113 K—12 students, whose feedback highlighted its friendly, intuitive interface that made interactions feel
like “chatting with a friend,” encouraging even shy learners to ask questions freely. This was largely due to the LLM-powered
conversational design fostering a welcoming environment.
Students responded well to the Physics content, particularly the “Motion” chapter, where concepts like displacement, velocity, and
acceleration were clearly explained with definitions, examples, and formulas. The structured weekly learning plan helped students
stay organized and motivated.
The tutor’s personalized responses and emotional intelligence stood out, adapting tone to boredom or confusion by offering jokes,
encouragement, or hands-on activities, making learning engaging and less monotonous.
Limitations included a narrow scope focused on academic content; questions about general topics like sports were politely
redirected. Despite this, 85% found the content helpful, and over 80% would use the tutor again, expressing interest in expanding to
other subjects.
Overall, the Al tutor successfully made Physics more accessible, personalized, and student-friendly.

VII.CONCLUSION
This project aimed to improve K-12 learning, particularly in Physics, by integrating Al as a supportive tool rather than a
replacement for teachers. The Al tutor offers personalized, accessible, and engaging assistance with complex topics like "Motion."
Built on advanced Al technologies—including Retrieval-Augmented Generation (RAG), GPT-based LLMs, LLaMA3 via Ollama,
ChromaDB, and LangFlow—the tutor delivers clear, context-aware, and tailored explanations aligned with curricula.
Its key strength is adaptability, adjusting to each student’s pace, comprehension, and emotions to provide a human-like, encouraging
learning experience. Feedback from 113 students helped enhance usability and relevance.
Despite challenges like digital accessibility and Al limitations, the project demonstrates Al’s potential as an educational ally for
students needing extra support. With ongoing development, the tutor could become a trusted, engaging companion that helps
students learn effectively and enjoyably.

VIIl.  LIMITATIONS
1) Digital Divide
Not all students have access to devices or reliable internet connections, limiting the reach of this tool in underserved areas.
2) Data Privacy
Handling sensitive student data responsibly was a priority, with measures implemented to ensure security and compliance with
privacy regulations.
3) BiasinAl
Efforts were made to minimize biases in responses by training the model on diverse datasets; however, some biases may still persist
due to limitations in data representation.
4) Teacher-Student Balance
While the Al tutor supports learning, it cannot replicate the human connection essential for collaboration and social skills
development in classrooms.
5) Prototype Limitations
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As an early-stage prototype, the system may not fully adapt to every student's unique needs initially but will improve through
iterative updates based on feedback.

IX. FUTURE SCOPE

The Al tutor has made learning Physics more engaging and supportive, but there’s vast potential to expand and improve:

1)
2)
3)
4)
5)
6)
7)
8)

Expand to More Subjects: Adding Math, Chemistry, History, and others to become a comprehensive academic companion.
Visuals & Simulations: Incorporate animations, videos, and interactive diagrams to help visualize complex concepts.

Voice & Multilingual Support: Enable natural voice interaction and support multiple languages to reach diverse learners.
Personalized Progress Tracking: Track student progress, suggest next topics, and motivate with quizzes and rewards.

Offline Accessibility: Develop a lightweight offline version for students without reliable internet or advanced devices.

Teacher & Parent Involvement: Allow guardians and teachers to monitor progress and contribute, fostering collaboration.
Gamification: Add challenges, rewards, and games to make learning fun and encourage regular engagement.

Inclusivity & Responsibility: Ensure fairness, remove biases, offer relatable content, and maintain transparency for
trustworthiness.

Looking Ahead:
With these enhancements, the Al tutor can evolve into a powerful, accessible learning companion that supports millions,
complementing traditional teaching rather than replacing it.
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