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Abstract: Many students in Kyrgyzstan, especially beginners, face difficulties accessing competitive
programming platforms that are tailored to their needs. Existing systems primarily cater to advanced
users or international audiences, making it harder for newcomers to engage effectively with
algorithmic problem-solving. This project proposes the development of a competitive programming
platform designed specifically for beginner learners. The system includes interactive problem
statements, real-time code execution using external APIs and automated evaluation of submitted
solutions. The platform is built using a modern full-stack architecture with Angular, Spring Boot, and
PostgreSQL, and integrates third-party services such as Judge0 for multi-language code execution.
The goal is to encourage algorithmic thinking and programming skill development through a user-
friendly and localized interface. Future enhancements will include a broader problem set,
gamification elements, and educational resources such as tutorials and solution explanations.
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Introduction

Competitive programming could be a challenging learning process for newcomers if current
platforms cater more to sophisticated users or presuppose previous experience with algorithmic
thinking. Although popular systems provide extensive collections of problems and accommodate
various languages, they do not necessarily come with simple-to-use, streamlined interfaces and linear
learning pathways. That could deter new users, especially those who are just starting to learn data
structures, algorithms, and code optimization techniques.

Emerging trends in web development, cloud APIs, and educational platform design have
enabled the delivery of novel possibilities for interactive programming learning. By combining real-
time code execution, automatic grading, and intuitive interfaces, one can now build platforms that
have the potential to guide step-by-step skill acquisition in programming.

This project is for creating an interactive competitive programming platform for beginners. The
system has problem statements with live interaction, test case feedback, and server-side code
verification logic based on external execute APIs. Angular is on the frontend, Spring Boot as backend
services, and PostgreSQL for storing persistent data in the database. The system is built in such a way
that users will have the ability to gain confidence and problem-solving skills step by step through
guided problem-solving and feedback.

Hypothesis: Real-time feedback and step-by-step guided problem-solving competitive
programming web application for learners will have higher user interaction and quicker learning
outcomes than traditional practices of coding exercises.
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Literature Review

Instructional technology history has witnessed a paradigmatic shift in problem-solving and
programming education. Adaptive learning environments, immediate feedback systems, and
individualized learning have maximized learning and enhanced interactivity, especially for novice
learners. Bloom's (1984) initial research on one-to-one tutoring laid the groundwork for the effect of
personalized learning strategies. Modern adaptive learning platforms like Khan Academy and
Duolingo mirror aspects of this personalization with varying degrees of difficulty aligned to student
performance to facilitate scalable and student-driven learning.

Aside from these innovations, the majority of mass-market platforms cater to broad, global
groups and assume a minimum level of familiarity with ideas and sink many new beginners. This
shortcoming has been recognized by studies invoking adaptive platforms that value learners'
heterogeneous educational backgrounds and unique learning patterns (Choi et al., 2019; Raza &
Alruily, 2021). Adaptive systems not only enhance access but also enhance learner engagement and
satisfaction.

De facto algorithm practice and technical interview preparation coding competition platforms
such as Codeforces, HackerRank, and LeetCode are. However, their steep learning curves, lack of
onboarding assistance, and competitive design scare off beginners (Nguyen et al., 2020). Practice
entails design solutions for new centering, such as problem explanation scaffolding, interactive hints,
and short feedback loops to counteract cognitive loads and facilitate stepwise learning.

The integration of live code execution APlIs like Judge0O and Sphere Engine has helped modern
education software to provide interactive problem-solving sessions. The platforms have facilitated
enhanced automated feedback, verified test cases, and the ability to support multiple languages
within sandbox environments (Kulkarni & Deshpande, 2021). Their integration lowers backend
complexity and enhances the user experience by providing instant feedback and error detection.

Gamification also turned out to be the most powerful impeller of web-based learning. Proof also
indicates that such features such as XP points, achievement badges, progress bars, and streak
counters do significantly increase activity as well as learning frequency on the users' sides (Anderson
et al.,, 2020). Remaining competitive and friendly, however, still remains top notch, particularly in
training environments geared towards new trainees.

In addition, graphical code runtimes like Python Tutor and intelligent tutoring systems (ITS)
offer more support in terms of code behavior explanation and debugging assistance (Guo, 2013;
Alvarado et al., 2022). These types of tools allow deep understanding by bridging the syntax and
logic gap. Furthermore, integrating Al-based adaptive mechanisms into ITS enables content
recommendation, difficulty adjustment, and performance monitoring, which are crucial for
personalization.

An iterative design-science approach has been used in earlier education platform research to
incrementally improve user interface and functionality with real-world feedback. Agile development
cycles like sprint releases allow platforms to evolve based on user needs effectively. Feedback from
stakeholders during ongoing development ensures critical requirements like usability, offline
capability, content organization, and analytics for learning are addressed at different stages of the
development lifecycle.

Finally, knowledge management systems—storing and showing to be reused subsequent
material —allow scalability and ongoing improvement. Material gathered anonymously concerning
students' performance can be used to make training strategies more subtle and reveal root
misconceptions.

In summary, the combination of the features of personalized learning, gamification features,
instant feedback mechanisms, and adaptive development procedures forms a firm basis to form an
efficient rival of a learning coding portal for new coders. According to data from existing portals and
research studies, the targeted system will provide new coders with an attractive, motivating, and
friendly interface to learn coding.
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Methods

This subsection describes the system architecture, development process, and testing

methodologies used in building the competitive programming platform.
1. System Architecture and Technology Stack

The platform has been developed as a full-stack web application with modular architecture. The
backend has been developed using Spring Boot (Java) and Angular 18 with components separated
for the frontend. PostgreSQL has been used as the database to keep users, problems, submissions,
and performance stored.

Code execution is managed by the integration of Judge0 API, which provides feature-rich real-
time evaluation of code provided by the user in a variety of programming languages. RESTful
interaction enables communication between frontend, backend, and external code execution service.

2. Implementation Steps

Backend Development

The backend consists of multi-layered architecture consisting of:
e Controller Layer for handling HTTP requests.

e Service Layer for business logic like test evaluation and grading.
e Repository Layer based on Spring Data JPA for data storage.
If utilized as microservices, inter-service communication relies on FeignClient and Spring Cloud
Eureka for load balancing and service discovery.
Frontend Development
Angular frontend includes:
e Dashboard: Available coding problems and user stats are shown.
e Code Editor: Code editor within a web application to write code and run it.
e Result Panel: Test case outcome, instantaneous feedback, and run status are rendered.

Angular reactive properties and routing modules manage the state and navigation across the
platform with ease.

3. User Interface Design

Principles of user-centered design, which are founded on usability research, were used to create the
interface (Ismailova & Ermakov, 2024). Paper sketching and wireframes were used to create the initial

structure, pattern of navigation, integration of the editor, and areas for giving feedback on the results.
Readability, simplicity, and features for new users were assured to provide a new face. Syntax
highlighting enforced new face with attractive designs which were desktop as well as mobile
friendly.
Polish was established through initial prototypes and refined through refinement by small user
groups so as to increase usability and readability visually. Feedback loops helped increase the
readability as well as the responsiveness of workflows.

4. Evaluation Methods

Pilot test was given to students lacking competitive programming experience. The following were
tracked:

e First problem time.

e Attempt/submits.

e Subjective difficulty and user satisfaction.

Surveys and observation were utilized for measuring the effectiveness of the platform to engage
learners and anchor problem-solving. Long-term retention, learning analytics, and adaptive content
delivery will be tested in future studies.
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Results

The product that was built is an interactive, guided environment to code and learn with
submission of on-the-fly code and comments. Focusing on usability and responsiveness, the product
enhances learning efficacy for new and intermediate students.

The key achievements are:

e Ergonomic Submission of Code: The users are able to code, execute, and submit solutions
using one unified editor, and the result is displayed almost in real time.

e Feedback-Driven Learning: The mechanism identifies errors and defective test cases, allowing
users to gradually enhance their code.

e Scalable Content Management: Problem sets can be authored, tagged, and mapped along axes
of difficulty, subject, or language and easily scaled by admins.

Though formal usability testing has yet to be undertaken, initial user response has pointed
towards ease of use, clear Ul, and instant feedback that will go a long way towards making the
learning process simpler. These early indicators are supported by findings of more recent research
into education technology, which have suggested that instant reward and visual simplicity lead to
more engagement and better retention of problem-solving strategies.

Conclusion

This project demonstrates how technology can organically enhance programming education
through the use of an interactive and dynamic competitive programming environment. The
environment is suitable for real-time code reviewing, learning through problem sets, and gameful
interaction to facilitate intense user interaction.

With its user-friendly front-end and performance-based back-end, the site bridges the gap
between learning from textbooks and coding exercises. As it is, before the chance for official usability
testing, the design concept—a user-centered design concept based on best practices of education
technology —demonstrates great potential for student engagement, problem-solving recall
improvement, and general interest in computer programming.

This project illustrates the tremendous potential of composite tools and feedback systems to craft
an organic, interactive world for students to learn fundamental and advanced programming
principles.
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