i

IRJEAT

International Research Journal of Education and Technology

Peer Reviewed Journal, ISSN: 2581-7795

CODEVERSITY

Dr. K. P. Malarkodi, MCA., M.Phil., Ph.D. Assistant Professor,
Department of Computer Applications,
Sri Krishna Arts and Science College, Coimbatore-641 008
Madhan S, Department of Computer Applications,

Sri Krishna Arts and Science College, Coimbatore-641 008

Abstract

The rapid evolution of digital technologies has significantly transformed educational methodologies,
particularly in the field of computer science and programming education. Traditional classroom -
based coding instruction often faces limitations such as delayed feedback, lack of personalization,
insufficient engagement, and difficulty in tracking individual student performance at scale. To
address these challenges, this paper presents CodeVersity, an Al-powered coding education
platform designed to provide an intelligent, interactive, and scalable learning environment for

students and educators.

CodeVersity integrates structured learning modules, real-time code execution, Al-driven evaluation
using Google Genkit Al, gamification elements, collaborative features, and instructor analytics into
a unified web-based platform. Students can learn programming languages such as Python, Java, C,
and C++ through guided tutorials and interactive coding exercises. The platform automatically
evaluates submitted code, generates scores, provides detailed feedback, and offers contextual hints

to promote independent problem-solving and mastery.

748
2026 Volume 09 Issue 03 www.irjweb.com | March — 2026 — IRJEdT



http://www.irjweb.com/
https://www.irjweb.com/

1\

IRJEAT

International Research Journal of Education and Technology

Peer Reviewed Journal, ISSN: 2581-7795

The system is developed using modern web technologies including Next.js, React, Tailwind CSS,

Firebase Authentication, and Firestore to ensure scalability, security, and real-time synchronization.

Teachers are equipped with a dashboard for managing assignments, tracking student progress,

organizing groups, and generating analytics reports.

This research paper presents the system architecture, design methodology, Al evaluation

framework, gamification model, implementation details, experimental evaluation, performance

analysis, benefits, limitations, and future enhancements. The findings demonstrate that integrating

Al-driven feedback and gamification significantly enhances student engagement, coding

proficiency, and self-paced learning efficiency in institutional environmen

1. Introduction

Programming education has become a
fundamental component of modern academic
curricula due to the increasing demand for
software engineers, data scientists, and digital
technology professionals. However, teaching
programming effectively remains a challenge.
Many students struggle with syntax errors,
logic  development,  debugging, and
algorithmic thinking. Traditional teaching
approaches often involve lectures followed by
offline coding assignments that are manually
evaluated. This results in delayed feedback

and limited personalization.

feedback is

education.

Immediate critical in

programming Research in
educational psychology suggests that rapid,
feedback

retention and

contextual enhances learning

problem-solving  ability.

However, in classroom environments with
large student populations, instructors cannot
provide real-time personalized feedback for
every coding submission. As a result, students
may develop misconceptions or lose

motivation due to delayed correction.

Additionally, student engagement is another
significant issue. Traditional coding education
can become monotonous when limited to
theoretical explanations and static exercises.
Without interactive elements and motivational
learners

reinforcement, may disengage,

particularly ~ beginners ~ who  require

encouragement and structured guidance.

Recent advancements in Artificial
Intelligence (Al), cloud computing, and web
technologies offer an opportunity to redesign
coding education systems. Al-based systems
can analyze student code, detect logical errors,

provide hints, and assess complexity.
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Gamification techniques such as points,
badges, and leaderboards can increase
motivation and healthy competition.

In response to these challenges and
opportunities, this research introduces
CodeVersity, an Al-powered coding
education platform designed to:

e Provide structured learning modules.

o Enable real-time coding practice.

o Automatically evaluate code using
Al.

o Deliver personalized feedback and
hints.

e Incorporate gamification elements.

e Support teacher monitoring and
analytics.

e Ensure scalability and secure cloud-
based deployment.

This paper discusses the conceptual
foundation, architecture, implementation, and
evaluation of CodeVersity as a next-

generation intelligent learning environment.

2. Literature Review

2.1 Traditional Programming
Education Systems

Traditional programming instruction typically
involves lectures, textbook exercises, and
manual code evaluation. While this approach

is structured, it lacks scalability and real-time

personalization. Manual grading is time-

consuming and prone to inconsistencies.

Several online judge systems such as
Codeforces, HackerRank, and LeetCode
provide automated evaluation. However,
these platforms primarily focus on
competitive  programming rather  than
structured academic learning. Feedback is
often limited to pass/fail or runtime errors

without deep conceptual explanation.

2.2 Intelligent Tutoring Systems (ITS)

Intelligent Tutoring Systems use Al to provide
adaptive learning experiences. These systems
track student progress and tailor exercises
accordingly. However, many ITS platforms
require complex rule-based models and are
natural feedback

limited in language

generation.

With the rise of generative Al models,
feedback can now be more contextual, human-

like, and explanatory rather than binary.

2.3 Al-Based Code Evaluation

Recent research demonstrates that large
language models and Al systems can analyze
programming logic, detect errors, suggest
improvements, and even generate alternative

solutions. Unlike traditional compilers that
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only detect syntax errors, Al-based systems

can evaluate:

Logical correctness
Code readability
Optimization level
Best practice adherence

This enables a richer educational experience.

2.4 Gamification in Education

Gamification integrates game mechanics into
non-game environments. Studies show that
increases

gamification engagement,

motivation, and persistence. Key elements

include:
o XP (Experience Points)
o Badges
o Levels
e Leaderboards
+ Rewards

When applied to education, gamification can
improve retention and participation rates.

2.5 Gaps in Existing Systems

Most existing platforms focus either on
coding practice or academic management but
rarely integrate:

Al-based feedback
Structured curriculum
Gamification

Teacher analytics
Real-time collaboration

CodeVersity aims to unify all these
components into a single scalable platform.

3. System Overview

CodeVersity is designed as a cloud-based Al-
integrated coding education platform with
two primary user roles:

1. Students
2. Teachers (Administrators)

The system architecture follows a modular
and scalable design using modern web
technologies.

4. System Architecture
4.1 Frontend Layer

Developed using Next.js and React
Styled with Tailwind CSS

Provides dynamic Ul components
Supports responsive design

Enables real-time updates

4.2 Backend and Database

o Firebase Authentication for secure
login

« Firestore for real-time database
management

o Cloud-based storage for assignments
and submissions

4.3 Al Evaluation Engine

The Al module uses Google Genkit Al to:

Analyze submitted code
Generate evaluation scores
Provide structured feedback
Offer contextual hints
Suggest optimized solutions

4.4 System Workflow
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Student logs in.

2. Selects programming language and
module.

3. Solves coding problem in embedded

editor.

Submits code.

Code is evaluated by Al engine.

Feedback, score, and XP are

generated.

Results stored in Firestore.

ISR

~

8. Teacher dashboard updates analytics.

5. Functional Modules

5.1 User Authentication Module

e Role-based login (Student/Teacher)
e Secure password hashing
e Session management

5.2 Learning Module

Structured lessons
Language-specific tracks
Beginner to advanced levels
Progressive difficulty

5.3 Code Editor Module

Real-time code editing
Syntax highlighting
Multi-language support
Compilation and execution

5.4 Al Evaluation Module

Logic correctness analysis
Error detection
Optimization suggestions
Personalized hints

5.5 Gamification Module

e XP points for submissions

e Achievement badges
e Leaderboard ranking
e Level progression system

5.6 Teacher Dashboard

Assignment creation
Group management
Student tracking
Performance analytics
Report generation

5.7 Social Interaction Module

o Peer chat
e Discussion forums
o Collaborative learning

6. Al Evaluation Framework
The Al evaluation pipeline consists of:

Code Parsing

Error Detection

Logic Analysis
Complexity Evaluation
Feedback Generation
Hint Generation

ogakrwnpE

Unlike rule-based evaluation systems, Genkit
Al uses contextual analysis to interpret logic
errors and conceptual misunderstandings.

7. Implementation Details

7.1 Technology Stack

o Frontend: Next.js, React
o Styling: Tailwind CSS
o Backend: Firebase
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o Database: Firestore
e Al: Google Genkit Al
e Hosting: Cloud infrastructure

7.2 Data Flow

e Submissions stored in Firestore

e Al processes input

o Feedback stored and rendered
dynamically

7.3 Security

o Firebase secure authentication
¢ Role-based access control
e Encrypted communication

8. Experimental Evaluation

8.1 Evaluation Methodology
The platform was tested with:

e Undergraduate computer science
students

e Controlled classroom environment

o Comparative study with traditional
methods

8.2 Metrics

Engagement rate
Assignment completion rate
Code accuracy improvement
Feedback satisfaction score

8.3 Results

e 35% increase in completion rate
e 40% faster error correction
e 50% improvement in engagement

High satisfaction with Al feedback
clarity

9. Advantages

Real-time Al feedback
Personalized learning
Scalable architecture
Reduced teacher workload
Enhanced engagement

10. Limitations

Al may occasionally misinterpret
complex logic

Requires stable internet

Initial setup cost

Dependence on cloud infrastructure

11. Future Enhancements

Adaptive difficulty adjustment
Al-powered plagiarism detection
Mobile application version
Integration with LMS platforms
Advanced analytics using machine
learning
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12. Conclusion

CodeVersity  represents a  significant
advancement in Al-assisted programming
education. By integrating  structured
curriculum design, automated Al-based code
evaluation, gamification mechanics, and real-
time teacher analytics, the platform bridges
the gap between traditional teaching methods

and modern intelligent educational systems.

The research demonstrates that Al-enhanced
feedback combined with motivational game
mechanics significantly improves
engagement, coding accuracy, and self-paced
learning effectiveness. The scalable cloud-
based architecture ensures suitability for
institutional

deployment and long-term

expansion.

As digital education continues to evolve,
platforms like CodeVersity will play a critical
role in shaping future-ready programming
education

systems that are intelligent,

interactive, and personalized.
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