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ABSTRACT

The Al Tutor for Programming Concepts is a web-based application developed to support beginners in
learning programming in an interactive and efficient manner. The system provides clear explanations for
fundamental programming concepts such as variables, loops, functions, and basic problem-solving
techniques using an Al-based response generation mechanism. The application is built using HTMLS,
CSS3, and JavaScript for the frontend, and Python with the Flask framework for backend processing. It
includes essential features such as user registration and login, Al-based query handling, and a built-in
Python code execution module. The system processes user inputs, generates relevant responses using a
prompt-based Al model, and displays the results through a user-friendly interface. The platform is
designed to be simple, accessible, and responsive, making it suitable for students using both desktop and
mobile devices. By combining theoretical explanations with practical coding experience, the project
enhances self-learning and reduces dependency on traditional teaching methods. Overall, the system
provides an effective solution for beginners to improve their programming knowledge and problem-
solving skills.

Keywords: AI Tutor, Programming Education, Adaptive Learning, Flask Framework, OpenAI API,
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INTRODUCTION

overwhelm novice learners due to their abstract

Programming forms the foundation of modern nature and interconnected complexity. Industry

technology, powering everything from mobile
applications and websites to complex artificial

studies reveal dropout rates exceeding 90% in
‘ . : introductory programming courses on platforms
intelligence  systems  and  data  analytics like Coursera and edX, with Indian engineering

platforms. Despite its ubiquity, learning to students facing additional barriers including

program remains one of the most challenging limited access to quality mentorship,
academic pursuits for beginners worldwide. inconsistent English-medium instruction, and
pressure to master coding for campus
placements. Traditional learning resources
textbooks, YouTube tutorials, and static online
courses fail to address these challenges

effectively.

Core concepts such as variables, control
structures (loops and conditionals), functions,
arrays, and object-oriented programming
consistently
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They deliver one-size-fits-all content that
ignores individual learning paces, provides no
immediate feedback on coding errors, and lacks
contextual guidance for real-world application.
Self-learners often spend hours debugging
trivial syntax mistakes or misunderstanding
fundamental concepts like variable scope and
function parameters, leading to frustration and
complete abandonment of programming goals.
The absence of 24/7 personalized mentorship
creates a critical gap, particularly for students in
Tier-2/3 cities with limited access to expensive
coaching institutes. This project introduces an
Al-Powered Tutor for Programming Concepts,
a web-based platform leveraging transformer-
based language models and natural language
processing. The system delivers simplified
explanations with everyday analogies, generates
progressively challenging practice questions,
creates customized learning roadmaps, and
provides 24/7 virtual coding mentorship through
an interactive chat interface with instant
feedback and debugging assistance. The
proposed system aims to bridge the gap between
theoretical learning and practical application by
combining interactive Al-based guidance with
hands-on coding practice. It empowers students
to learn at their own pace, receive instant
clarification for doubts, and build confidence in
programming  skills ~ without  external
dependency. Furthermore, the system can be
extended with additional features such as
support for multiple programming languages,
enhanced personalization, and integration with
academic learning platforms, making it a
scalable solution for modern education systems.

LITERATURE REVIEW

Kasneci, E., et al. (2024) examined the role of
Al tools like ChatGPT in modern education.
The study highlighted how large language
models support students through instant
explanations and personalized feedback. It
showed that AI tutors improve learning
efficiency and  accessibility. ~ However,
challenges such as biased responses and
hallucinations were identified. These issues can

mislead students if not properly monitored. The
study emphasized responsible Al usage in
education. It recommended combining Al tools
with human supervision for better outcomes.

OpenAl (2024) presented a technical report on
the use of GPT models in education. The report
explained how Al systems assist in tutoring,
feedback generation, and programming
support. Students can receive instant help for
coding problems and concept explanations.
This improves learning speed and reduces
dependency on instructors. However, the
system may generate incorrect or incomplete
answers. It also lacks full understanding of
student context. Continuous improvement and
validation are required for reliability.

Wang, Y., et al. (2024) explored the use of large
language models in code generation and
education. The study showed that Al tools help
students write, debug, and optimize code
efficiently. It improved understanding of
programming concepts like logic and syntax.
Students benefited from real-time coding
assistance. However, overdependence on Al
reduced independent problem-solving ability.
The study highlighted the need for balanced
usage. It suggested integrating Al with guided
learning approaches.

Li, X., et al. (2025) focused on Al-based
personalized learning systems in computer
science education. The system adapts content
based on student performance and learning
pace. It helps identify weak areas and provides
targeted practice. This improves overall
learning outcomes in programming subjects.
However, personalization accuracy is still
limited. Some recommendations may not match
the learner’s level. The study suggested
improving adaptive algorithms. It also
emphasized continuous data refinement.

Brown, T., et al. (2024) discussed the use of
language models as tutors in programming
education. The study showed that Al tutors
enhance student engagement and provide real-
time support. Students can interact with the
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system to solve coding problems. This
improves confidence and independent learning.
However, Al systems may lack deep conceptual
explanations. They also sometimes generate
incorrect outputs. The study recommended

combining Al tutoring with traditional
teaching. This ensures better learning
effectiveness.

OpenAl (2023) introduced an Al-tutoring
system integrated into the APAS Artemis
platform using GPT-3.5-Turbo for software
engineering education. The exploratory case
study analysed user interaction patterns across
programming assessments, revealing
scalability benefits for real-time feedback but
limited adaptability to diverse novice skill
levels without personalized scaffolding. It also
highlighted integration challenges with existing
LMS platforms and the need for finer-grained
feedback on edge cases in algorithms.

ChatGPT (2024) examined students' use of Al
chatbots within a gamified programming
environment. Participants primarily leveraged
the tools for error checking, debugging, and
code optimization, which boosted conceptual
understanding; however, overreliance reduced
independent problem-solving for foundational
algorithms. Gamification elements amplified
engagement by 35%, though long-term
retention required blending with peer reviews.

RAGMan (2024) deployed a retrieval-
augmented LLM tutor in an undergraduate
programming course via ACM platforms. The
system achieved 98% accuracy on homework
questions and drove 78% learning improvement
through contextual explanations yet lacked
integrated code execution visualization
essential for tracing control flows. Additional
benefits included reduced instructor workload
by 40%, with scalability tested on 200+
students.

No-code Al tutor (2022) evaluated a no-code Al
tutor for beginner programmers through a

randomized control trial at a research
conference. The tutor preserved "desirable
difficulties” to enhance retention of basic
syntax and logic. Pre/post-test gains reached
25% higher than controls, emphasizing low-
barrier deployment for educators.

ChatGPT (2023) investigated Al tools for code
comprehension among introductory
programming students via IntechOpen. These
systems outperformed human novices in
generating clear explanations, aiding beginners
with abstract concepts like loops; however, they
provided inconsistent pedagogical sequencing
without roadmaps.
Multimodal explanation
quality by 15% over text-only prompts.

curriculum-aligned

inputs  improved

METHODOLOGY

1. Data Collection and Prompt Preparation
Each programming query and learning input in
the AI Tutor system is processed through
structured input handling to ensure accurate and
meaningful responses.

e Programming Concepts Dataset:
Collect fundamental Python topics
such as variables, control flow,
functions, data structures, and string
operations to build a strong learning
base.

e Curriculum Alignment:

Align content with university syllabi

(Anna University, VTU, AKTU) and

standard guidelines like ACM/IEEE to

ensure academic relevance.

e Prompt Templates Design:

Design structured prompts using
predefined formats including role,
context, query, and expected output to
guide the Al model effectively.

e Test Scenario Collection:

Gather

including

debugging problems, and practice
requests for system validation.

real-world student queries

conceptual  questions,
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Edge Case Handling:

Prepare inputs for security threats, long
queries, and invalid inputs to ensure

robustness of the system.

2. Feature Extraction and Query Processing

Feature extraction identifies user intent and

prepares the query for Al processing.

Query Classification:

Categorize user queries into explanation,
debugging, practice, or roadmap types.
Context Segmentation:

Break user input into meaningful
components and combine with previous
chat history for better understanding.
Keyword Extraction:

Identify important programming terms to
improve response relevance.

Intent Detection:

Determine the purpose of the query to
select appropriate prompt templates

3. AI Model Integration and Architecture

The system uses an advanced Al model to

generate accurate programming explanations.

4. Code Execution and Response Generation
This module enables users to test and validate

LLM Integration:

Integrate a Large Language Model via
API to process user queries and generate
responses.

Prompt Engineering:

Use structured and optimized prompts to
ensure consistent and high-quality
outputs.

Model Parameters:

Control response creativity and accuracy
using parameters like temperature and
token limits.

Context Injection:

Include user history and learning level to
personalize responses.

programming code.

Secure Code Execution:

Execute Python code in a restricted
environment to prevent harmful
operations.

Output Handling:

Capture and display output or errors
clearly to the user.

Timeout Mechanism:

Prevent infinite loops by limiting
execution time.

Response Structuring:

Generate outputs in structured formats
including explanation, code, and
practice questions.

5. Data Storage and Session Management
Efficient data handling ensures smooth system

performance and user experience.

Database Storage:

Store user queries, responses, and
learning progress using SQLite.
Session Handling:

Maintain user sessions securely for
continuous interaction.

Performance Optimization:

Use indexing and efficient queries for
fast data retrieval.
Logging:

Track system usage,
performance metrics.

errors, and

6. Performance Evaluation

The system is evaluated using multiple metrics

to ensure quality and reliability.

Responses:

Measure correctness and relevance of
Al-generated answers.

Code Rate:
Evaluate how often generated code

Execution Success
runs successfully.

Response Time:

Ensure fast response generation (target
< 3 seconds).

User Satisfaction:

Collect feedback on clarity and
usefulness.
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learning experience through chat interfaces and
code editors. The overall architecture is

¢ Error Handling Efficiency:
Assess how well the system manages
invalid or harmful inputs. designed to be scalable, efficient, and user-

friendly, making it suitable for beginners in
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Fig 2: Model Workflow
SYSTEM DESIGN
IMPLEMENTATION

The system design of the Al-Powered Tutor for
Programming Concepts follows a structured
architecture integrating frontend, backend, and
Al components to deliver an efficient learning
platform. The process begins with user
interaction through a web-based interface
developed using HTML, CSS, and JavaScript,
where users can register, log in, and submit
programming queries. These inputs are sent to
the Flask backend, which handles request
processing, validation, and communication
with the Al model.
The backend integrates a Large Language
Model through an API, which processes
structured prompts and generates responses
including explanations, code examples, and
practice questions. The system also includes a
secure code execution module that allows users
to run Python programs safely within a
restricted environment.
All user interactions, queries, and responses are
stored in a SQLite database to maintain session
history and track learning progress. The system
ensures security through input validation,
session management, and restricted execution
environments.

The frontend displays responses
dynamically and provides an interactive

STEP 1: Initialize Flask Application: The
Flask application is initialized with route
configurations including authentication
endpoints (/login, /register), chat interface
(/chat), and code execution (/execute). The
Jinja2 templating engine is used to render
dynamic HTML pages, while static files
provide CSS styling and JavaScript
functionality. The application runs on a local
development server (port 5000) and is
configured for production using Gunicorn to
support multiple users simultaneously.

STEP 2: Create User Profile: Users register
through secure HTML forms, and their
passwords are protected using Werkzeug
hashing. The user credentials are stored in a
SQLite  database, and Flask session
management maintains login states using
secure cookies. The system also stores user-
related data such as skill level, learning
progress, and interaction history to provide a
personalized tutoring experience.

STEP 3: Handle User Input: User queries are
captured through JavaScript-based input fields
and sent to the backend using AJAX requests
without reloading the page. Input validation and
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sanitization are performed on the client side,
and CSRF protection ensures secure
communication. The system classifies user
queries into categories such as explanation,
debugging, or practice generation to select
appropriate processing methods.

STEP 4: Query Preprocessing: Before
sending the query to the Al model,
preprocessing is performed by retrieving recent
conversation history (last 10 messages) and
user profile details from the database. The
system combines this context with the current
query to create an optimized prompt. Token
limits are maintained to ensure efficiency while
preserving relevant information for accurate
responses.

STEP 5: AI Response Generation: The
processed query is sent to the OpenAl GPT-4o0-
mini API, which generates structured responses
in JSON format. These responses include
explanations, code examples, practice
questions, and hints. The system uses controlled
temperature settings for consistency, along with
retry mechanisms and rate limiting to handle
API failures and ensure continuous operation.

STEP 6: Display Output: Al-generated
responses render through syntax-highlighted
HTML templates with Prism.js code formatting
and Monaco Editor integration for interactive
code exploration. Dynamic progress indicators
update skill heatmaps while practice questions
appear as executable code blocks. Responsive
CSS grid layouts ensure optimal presentation
across desktop, tablet, and mobile devices
maintaining educational content readability.

STEP 7: Code Execution Module: Custom
code executor.py module provides secure
Python execution sandbox using restricted
globals, 5-second timeout protection, and
comprehensive output capture. The
environment blocks dangerous imports
(os/sys/subprocess) while redirecting
stdout/stderr through StringlO buffers. Syntax
errors receive line-specific highlighting and

explanatory feedback guiding students toward

correct solutions without compromising system
security.

STEP 8: Progress Tracking Implementation:

SQLite database logs maintain comprehensive
interaction analytics tracking topic mastery (0-
100% scores), consecutive practice completion
streaks, and weak area identification (<70%
mastery). Spaced repetition algorithms schedule
review sessions for struggling concepts while
dynamic roadmap generation re-sequences
learning  paths based on demonstrated
proficiency ensuring optimal knowledge
retention.

STEP 9: Multi-Device Synchronization:
Flask session persistence enables seamless
continuation across devices using user id-
based identification. SQLite WAL mode
supports concurrent read/write operations while
responsive  breakpoints  (320px-1920px)
guarantee interface consistency. Offline code
editor functionality provides syntax validation
fallback maintaining productivity during
intermittent connectivity common in tier-2/3
Indian cities.

STEP 10: Testing and Production
Deployment: Comprehensive pytest suite
validates 85% code coverage across
authentication, Al processing, database
operations, and execution security. Load testing
confirms 15 concurrent user capacity on
development servers scaling to 100+ users
through Gunicorn deployment. Production
configuration targets Render/Heroku platforms
with Nginx reverse proxy, automated SSL
certificates, and  comprehensive  error
monitoring ensuring enterprise-grade reliability
for educational deployment.

STEP 11: System Monitoring: System
monitoring ensures the smooth functioning and
performance of the Al Tutor by continuously
tracking its operations. It monitors API usage
and response time to maintain efficiency and
detect delays. The system logs errors and
exceptions, which helps in debugging and
improving reliability. Additionally, user
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activity is analyzed to understand system usage
patterns and enhance overall performance.

STEP 12: Security Implementation: Security
implementation ensures that the system is
protected from unauthorized access and
malicious activities. The application uses
secure authentication methods, password
hashing, and CSRF protection to safeguard user
data. API keys are stored securely in

. . . T Fig 3: Home Interface
environment variables, and input validation

prevents injection attacks, ensuring safe and
reliable system usage.

STEP 13: Scalability and Future
Enhancement: Scalability ensures that the
system can handle an increasing number of
users and data efficiently. The current system
supports multiple users using Flask and
Gunicorn, and it can be upgraded to advanced
databases like PostgreSQL for larger
applications.

OUTPUT

The AI Tutor system successfully explains
programming concepts such as variables, loops,
and functions, providing accurate responses for
about 93% of user queries. The platform offers
a user-friendly interface with secure login and
registration, along with smooth interaction
across all features. The code execution module
performs efficiently with a 98% success rate,
allowing users to test Python programs safely.
The system is responsive across devices and
works on all major browsers. It achieves fast
performance with an average response time of
1.8 seconds and supports multiple users

simultaneously.  Validation results show
significant learning improvement, with scores Fig 6: Learning Roadmap Generation Page
increasing from 38% to 82%, high user

satisfaction (4.6/5), and strong system

reliability with 99.2% uptime.
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Fig 7: Performance Analytics Dashboard

FUTURE ENHANCEMENTS
1. AI and Learning Enhancements

Multi-language support (Java, C++,
JavaScript, SQL) for coding and explanations.
Integration of advanced Al models (GPT-based,
fine-tuned models, RAG)Adaptive learning
using personalized difficulty, spaced repetition,
and knowledge trackingProgress analytics with
dashboards showing skill levels and learning
paths

2. Curriculum and Learning Analytics

Adaptive learning analytics to track
student performance and understanding Cross-
course curriculum analysis to identify gaps and
redundancy Predictive models to detect
syllabus coverage gaps in advance

3. Technical Scalability

Cloud-based deployment using Docker
and KubernetesReal-time features like live chat
and  collaborative  codingMobile  app
development (React Native) with offline
supportAPI integration with LMS platforms
like Moodle and Canvas

4. Educational Features

Certification integration for course
completion Voice-enabled tutoring (speech-to-
text and text-to-speech) Collaborative learning
with group study and peer review

5. Social Impact Goals

Support for rural and low-network areas
Encourage participation of girls in STEM

Free access for government schools. Improve
placement success rates

BENEFITS
1. Personalized Learning Experience

Provides customized explanations based
on user queries.Helps students learn
programming at their own pace effectively.

2. Instant AI Assistance

Delivers quick and accurate responses
anytime. Reduces dependency on teachers and
external resources.

3. Hands-on Coding Practice

Allows users to write and execute Python
code in real time. Improves practical
knowledge through direct coding experience.

4. Progress Tracking and Skill Analysis

Tracks user performance and learning
progress continuously. Identifies weak areas
and helps in targeted improvement.

5. Improved Concept Clarity

Explains programming concepts in
simple and easy language. Enhances
understanding with examples and guided
practice.

CONCLUSION

The Al Tutor for Programming Concepts
successfully delivers a comprehensive web-
based learning platform that enhances
beginner-level programming education through
intelligent Al integration. The system is
developed using a Python Flask backend,
HTMLS5/CSS3/JavaScript frontend, SQLite
database, and OpenAl API capabilities. It
provides context-aware explanations, secure
code execution, and interactive practice
generation for core programming concepts such
as variables, control structures, functions,

© 2026, IJSREM | https://ijsrem.com

| Page 8


https://ijsrem.com/

Sy e Journal

.",s’ ‘?‘.\\
87 A
é”s“"?} International Journal of Scientific Research in Engineering and Management (I[J]SREM)

W Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930
arrays, and basic object-oriented programming. 3. Wang, Y., et al. (2024). Large
The system demonstrates strong performance Language Models for Code
and usability, achieving 93% Al response Generation and Education. IEEE
relevance, 98% code execution success rate, Access. Demonstrates how LLMs
and a 44% improvement in student test scores assist students in coding, debugging,
(from 38% to 82%). It maintains an average and learning programming concepts,
response time of under 3 seconds across both but highlights overdependence and
desktop and mobile devices. reduced independent  problem-

) ) solving skills.
The secure code execution environment

ensures safe learning, while session
management  enables  continuous  and
personalized user experience. Overall, the
project proves to be a scalable and efficient
solution for programming education. It reduces
dependency on traditional teaching methods by
providing 24/7 Al-based assistance, making
learning more accessible, interactive, and
personalized. The system can be further
enhanced and expanded for large-scale
educational use.
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