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ABSTRACT

This research centers on the development and validation of a game-based platform for programming learning,
aimed at enhancing student engagement and motivation in introductory programming courses. The platform
integrates live coding features with game elements, including characters, points, badges, leaderboards, and
interactive challenges. Employing a research and development approach through the waterfall model, the
study encompassed stages of requirement analysis, system design, implementation, and testing. Testing
phases included unit testing, system testing, and user testing to ensure technical functionality and user
satisfaction. A total of 276 Informatics students from Universitas Wijaya Kusuma Surabaya participated,
using the platform over a five week period. User satisfaction was assessed with the End User Computing
Satisfaction (EUCS) instrument, evaluating key dimensions such as content, format, ease of use, timeliness,
and accuracy. The findings indicated high levels of user satisfaction, with scores exceeding 4.00, signaling
positive reception and readiness for broader application in programming learning. Game-based platform
presents an innovative approach to programming instruction, promoting student autonomy and motivation
and providing a practical, hands-on learning experience through real time coding challenges.
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INTRODUCTION

In the current digital era, programming skills have become an essential competence across various industrial
sectors, ranging from information technology to business and healthcare. Despite their critical role, programming
learning faces significant challenges in terms of the approaches and methodologies employed. Many students
struggle to grasp programming concepts due to predominantly theoretical and less interactive teaching methods
(Topalli & Cagiltay, 2018). Consequently, student interest and motivation in learning programming are often
low, which may impede their ability to apply this knowledge effectively in real-world contexts (Mohanarajah &
Sritharan, 2022; Yesengazyevna et al., 2022). Within this framework, game-based learning (GBL) has emerged
as a notable pedagogical approach, leveraging game elements to enhance student engagement and motivation
in the learning process (Eltahir et al., 2021; Hernandez-Hernandez et al., 2021).

GBL is designed to provide a more immersive and enjoyable learning experience, encouraging active
participation among students. This approach is believed to create an engaging learning environment,
promoting deeper understanding and improved knowledge retention (Combefis et al., 2016; Lee et al.,
2022). In programming learning, integrating games into the curriculum has proven effective for facilitating
comprehension of complex programming concepts in a more accessible and enjoyable manner (Dallas &
Gogoulou, 2022; Uiphanit et al., 2023). Furthermore, research indicates that using games in programming
language instruction, such as Java and Python, correlates with enhanced student motivation and learning
outcomes, which is crucial for addressing the challenges associated with understanding programming, an
area requiring abstract and logical thinking skills (Mathew et al., 2019; Tsiotras & Xinogalos, 2021).

A primary challenge in programming learning lies in the predominance of theoretical, less interactive
teaching approaches, which hinder many students from thoroughly understanding programming concepts.
This limitation negatively impacts students’ interest, motivation, and practical skills in applying these
concepts. Previous studies indicate that student motivation in learning programming can be significantly
enhanced through interactive and dynamic learning environments that provide immediate feedback and
enable students to apply concepts in practical settings (Keandoungchun et al., 2023; Maryono et al., 2022).

GBL has proven to be effective in enhancing student engagement and motivation across various disciplines,
including programming learning (Dallas & Gogoulou, 2022; Tsiotras & Xinogalos, 2021). Game elements
such as point systems, badges, and leaderboards provide a sense of achievement, which in turn boosts
students’ intrinsic motivation (Gaeta et al., 2019). However, the aspect of autonomy in learning is often
overlooked in the design of GBL platforms for programming. Autonomy in learning is a critical factor that
allows students to learn at their own pace, explore challenges independently, and make decisions when
solving programming tasks (Ryan & Deci, 2020).

According to Self-Determination Theory (Ryan & Deci, 2020), students’ intrinsic motivation to learn
is significantly influenced by the extent to which they perceive autonomy, competence, and relatedness
within the learning environment. The implementation of interactive features such as real-time programming
challenges and live coding can enhance students’ motivation by providing a more immediate and contextual
learning experience (Keandoungchun et al., 2023). In the context of programming learning, studies show
that students are more motivated when they can apply the concepts they have learned through hands-on
experimentation and real-time code exploration (Mathew et al., 2019).

Hands-on learning experiences through real-time coding challenges have also been shown to enhance
students’ conceptual understanding and problem-solving skills (Uiphanit et al., 2023). This approach
allows students not only to understand programming syntax but also to develop computational and
algorithmic thinking skills in a more practical and applicable manner. Platforms such as CodeCombat and
CodinGame have demonstrated that integrating game-based coding challenges can improve knowledge
retention and learning effectiveness in an interactive environment (Kroustalli & Xinogalos, 2021;
Xinogalos & Tryfou, 2021).

Although GBL has been widely applied across various disciplines, research on the development of game-
based platforms specifically designed for programming learning, particularly in C++, remains limited. Most
previous studies have focused more on the application of gamification in education in general (Combefis et
al., 2016; Gaeta et al., 2019) or the development of games for beginner-level programming learning such as
Python or Java (Dallas & Gogoulou, 2022; Xinogalos & Tryfou, 2021).
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Furthermore, previous studies have generally focused on evaluating the impact of games on students’ learning
motivation without exploring how game elements such as live coding, leaderboards, and programming
challenges can directly enhance students’ technical skills in text-based programming (Patmanthara et al.,
2019; Tsiotras & Xinogalos, 2021). Platforms that have been developed, such as CodeCombat and Scratch,
emphasize visual and block-based programming concepts, which are less suitable for advanced students
studying text-based programming languages.

However, there is still a gap in the research regarding how game elements can further support students’
autonomy in learning text-based programming. Most available platforms are still based on visual
programming or passive gamification, without accommodating text-based programming challenges that
can be executed in real time. Therefore, this study aims to develop a game-based platform that integrates
live coding features, text-based programming challenges, and real-time feedback systems to enhance student
engagement, motivation, and skills in learning C++ programming. The novelty of this research lies in the
approach that combines interactive game-based elements with text-based programming learning through the
live coding feature, a combination that is expected to address the challenges students face in understanding
and writing code, particularly in C++. The scope of this research includes the design, development, and
testing of the platform using unit, system, and user testing methods to evaluate the platform’s feasibility in
supporting programming learning at the university level.

METHOD
Research Design

This study adopts a research and development model as outlined by Ulfa et al. (2021), with an adaptation
from the waterfall model described by Abba et al. (2019). The waterfall model was chosen due to its systematic
approach to software development, which consists of a series of stages that must be completed sequentially
before moving on to the next phase. This model is highly suitable for the development of a game-based
platform as it ensures that each stage is thoroughly executed before transitioning to the subsequent one. The
waterfall model employed in this study consists of five main stages, which are:

Requirement Analysis

At this stage, a user needs analysis is conducted based on the results of literature review as well as interviews
with faculty and students who have experience in programming learning. The primary features that the
platform must include are identified, such as live coding, real-time programming challenges, real-time
feedback systems, leaderboards, and achievements.

System Design

At this stage, the software architecture is designed, consisting of three main elements: server-side, client-
side, and database management. This is followed by the development of the user interface (UI/UX) based
on interactive design principles that support hands-on learning experiences through real-time coding
challenges. Additionally, the game scenario design is developed, where students will complete levels based
on progressively increasing difficulty.

Implementation

In the implementation stage, the researcher develops the program code for the game-based platform in the
form of a web application, allowing students to access the platform from browsers on various computer
devices. The integration of the live coding feature enables students to write, execute, and receive feedback
on the code they create. Additionally, the researcher develops the back-end system to manage user data and
track learning progress.
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Testing

Testing in this study is conducted using three methods: unit testing, system testing, and user testing. In unit
testing, each system component is tested individually to ensure that features such as live coding, leaderboards,
and achievement systems function correctly. Next, in system testing, the entire system is thoroughly tested
using the black box testing model to ensure that each feature operates according to specifications without
any critical errors. Following this, user testing is conducted with the involvement of 276 computer science
students, who use the platform for five weeks and provide feedback based on five key aspects in the End-User
Computing Satisfaction (EUCS) questionnaire: accuracy, content, ease of use, timeliness, and format, using
a 5-point Likert scale.

Deployment and Evaluation

After the platform is tested, the deployment stage is carried out in an online learning-based programming
class. Evaluation is conducted based on quantitative data from the EUCS questionnaire and qualitative
data from student observations and interviews. The evaluation results are used to provide recommendations
for improvements and further development to enhance the effectiveness of the platform in supporting
programming learning.

Participants

The participants in this study consisted of 276 second and fourth semester informatics students from the
Universitas Wijaya Kusuma Surabaya. This research aims to measure student satisfaction with the platform by
engaging a large number of participants, thereby ensuring that the results broadly represent user experiences.
Opver a five week observation period, students utilized the platform in a hybrid learning format, allowing
them to access it both online and offline. During this time, students were given the opportunity to explore
various platform features while completing a range of programming exercises and challenges designed to test
their understanding and skills in programming,.

Data Collection and Analysis

In the fifth week, students will be asked to complete the End-User Computing Satisfaction (EUCS)
instrument, employing a 5-point Likert scale to evaluate their satisfaction with the platform. This EUCS
instrument, designed by Purwanto & Hedin (2020), focuses on five key aspects: content, format, ease of use,
timeliness, and accuracy. As the foundation for the questionnaire, twelve question items from prior research
were adopted and translated into Indonesian to enhance participant comprehension. Table 1 provides
examples of the EUCS questionnaire items used in this study. Additionally, to ensure the instrument’s
reliability, each questionnaire item will be validated by calculating Cronbach’s Alpha. According to Table
2, alpha values for each variable range between 0.7 and 0.8, indicating a high level of reliability in the
instrument.

Table 1. EUCS questionnaire items

Variable Question

Accuracy Are you satisfied with how accurate the system is?
Content Does the system provide the information you require?
Ease of Use Does the system generate sufficient information?
Format Is the displayed output in a helpful format?
Timeliness Is the information provided by the system current?
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Table 2. EUCS questionnaire validation results

Variable Cronbach’s Alpha Alpha Cronbach Result

Accuracy 0.84 0.60 Reliable
Content 0.83 0.60 Reliable
Ease of Use 0.78 0.60 Reliable
Format 0.77 0.60 Reliable
Timeliness 0.73 0.60 Reliable

Upon gathering feedback data from students, analysis was conducted using descriptive statistics for the
quantitative data obtained from validation sheets and questionnaires. Qualitative data, including comments,
suggestions, and students’ work, were also incorporated as discussion materials to enhance the platform’s
quality. The assessment instrument used in the questionnaire evaluates five key aspects content, format,
ease of use, timeliness, and accuracy using a Likert scale, enabling a comprehensive evaluation of users’
perceptions of the platform. Table 3 presents the categories and score ranges associated with each category to
guide the interpretation of results. By combining quantitative and qualitative data, this study aims to provide
a thorough evaluation of user experience and valuable feedback for future platform development.

Table 3. Satisfaction level

Level Score Satisfaction
1 0-1.5 Very Dissatisfied
2 1.6-2.5 Not Satisfied
3 2.6-3.0 Neutral
4 3.1-3.5 Satisfied
5 3.6-4.0 Very Satisfied
FINDINGS

Requirement Analysis

The development of this serious game-based programming learning platform has resulted in a web-based
system specifically designed to support C++ programming learning through an interactive approach. The
platform is structured as a game aimed at enhancing student engagement and motivation in structured
programming courses. In practice, users select a character as their avatar, which they will use to complete
various missions within the game. Each mission or challenge requires students to write code directly (live
coding), with specific instructions and tasks that necessitate the application of programming logic. The game
elements integrated into this platform are based on three core principles engagement, autonomy within a
safe environment, and progress as outlined in Table 4.
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Table 4. Game fundamental principle

Fundamental Principle Contextual Principle ~ System Implementation

Challenge The player will be given problems or cases to solve using programming.

Practice is a valuable feature for helping players apply the concepts they
have learned by writing code. By following the provided instructions,

Space Retrieval players receive immediate feedback. Hints are available if players
Engagement encounter difficulties while working on the tasks.
Character Each player has an avatar that they can control to navigate through
the game.
Retrieval Practice Players can access learning content, review it, and practice the

material they have learned through interactive modules.

Players have autonomy and freedom in their learning process.

Autonomy & Safe .. However, since programming is a subject that builds on previous
; Minimal Control L .
Environment knowledge, players must complete the game material in a sequential
order.
Earning Point Players earn points upon completing the material for each level.
Progression The platform offers a list of available badges, levels, methods to earn

Earning Achievement the badges, and the number of users.

System Design

The system design for the platform encompasses three main elements: architecture, database, and interface.
The system architecture is crafted based on prior needs analysis, resulting in a design aligned with the
platform’s intended objectives. Figure 1 presents a visualization of the developed game-based platform
architecture, which reflects the comprehensive system design as established through the initial analysis.

Client Side

Code Execution

GAME ENGINE

Rendering

Engine

Input Handler

o —

Figure 1. Platform architecture
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The system flow within this platform outlines the sequence of operations and interactions, illustrating how
users or players navigate through various components and processes. This flow is divided into four main
categories: user registration and login, access and gameplay, code execution and feedback, and progress
tracking and analysis. In the registration and login phase, players sign up and log in through the interface,
where an authentication service verifies credentials and grants access. During the access and gameplay phase,
players select programming challenges or levels from the game interface; the game logic server retrieves
relevant data and presents the challenge, allowing players to write and submit code through the live coding
editor. In the code execution and feedback phase, the submitted code is transmitted to the code execution
engine via API, executed in an isolated environment, and the results are returned to the player as feedback.
Finally, in the progress tracking and analysis phase, player progress and performance data are stored in the
database, where an analytics service processes this data to deliver personalized insights and recommendations.

Implementation

The implementation phase aims to transform the concepts and designs of architecture, database, and interface
into a functional product ready for user interaction. As shown in Figure 2, the result of this implementation
is a web-based platform that offers pages for selecting maps, characters, levels, and a playground area, all
arranged in alignment with the interface design established in the previous stage. The playground page
serves as a learning environment, presenting C++ programming materials and requiring players to complete
challenges by writing code through live coding. Upon successfully writing the correct code, the level is
marked as complete, allowing the player to progress to the next level. Additionally, game elements such as
characters, points, badges, and leaderboards are integrated into the platform to enhance the user experience.

Locxen

Figure 2. Game-based platform interface

Testing

This study validates the platform through three types of testing: unit testing, system testing, and user testing.
Unit testing involves modeling pseudocode as a flowgraph to examine basic paths, aiming to determine
system complexity and its independent paths. This stage establishes a foundation for understanding the
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platform’s internal structure. System testing follows with a black-box method to verify that all functional
requirements are met, ensuring that each component performs as expected without delving into the internal
implementation details.

User testing is conducted with a group of students to evaluate content, format, ease of use, timeliness,
and platform accuracy. The unit testing results, displayed in Table 5, include three main modules content,
assessment, and leaderboard randomly selected based on game elements. The test report indicates that the
entire system passed without detected weaknesses, providing insight that student usage can be effectively
predicted (Trakunphutthirak & Lee, 2022).

Table 5. Unit testing

Module R N E P VG Result
Material 4 9 10 2 6 Valid
Grading 3 9 10 3 5 Valid
Leaderboards 3 6 7 3 5 Valid

The system testing results, presented in Table 6, utilize the black-box testing method to validate that all
functional requirements have been met as expected. This validation includes testing critical system aspects
such as content delivery, experience point calculations, and player progress tracking, ensuring that each
function operates correctly without errors or discrepancies.

Table 6. System testing

Module Expectations Result

Material The platform is capable of displaying C++ programming materials Valid

The platform can calculate experience points according to the difficulty level being

Experience Points completed.

Valid

Progression The system is capable of calculating player progress as a percentage. Valid

Additionally, user testing was conducted by distributing questionnaires to 276 students participating in a
five week exploration class, where they engaged with programming materials and challenges through the
platform. User satisfaction results, detailed in Table 7, were measured using an instrument with question
variables and analyzed descriptively. These results align with prior research by Pradana et al. (2023), indicating
a user satisfaction level above 4.00, suggesting that the platform is poised to receive positive responses from
users. Consequently, the platform is considered viable for integration into the learning process.

Table 7. User testing
Variable N Min Max Mean Std Dev Level Predicate
Accuracy 0.84 2 5 4.17 0.63 5 Very Strong
Content 0.83 1 5 4.22 0.64 5 Very Strong
Ease of Use 0.78 2 5 4.48 0.65 5 Very Strong
Format 0.67 1 5 4.32 0.50 5 Very Strong
Timeliness 0.73 2 5 4.31 0.50 5 Very Strong
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DISCUSSIONS AND CONCLUSION

The results of this study indicate that the development of a game-based learning platform with features such
as live coding, text-based programming challenges, and a real-time feedback system significantly enhances
students’ motivation and engagement in learning C++ programming. Data from the End-User Computing
Satisfaction (EUCS) questionnaire show that students rated the platform highly in terms of accuracy,
ease of use, timeliness, format, and content. These findings align with previous research, which suggests
that interactive learning environments based on hands-on experience can improve students’ conceptual
understanding and computational thinking skills (Keandoungchun et al., 2023; Mathew et al., 2019).

One of the key factors in the success of this platform is the integration of game elements, which have been
shown to enhance both intrinsic and extrinsic motivation in programming learning. Self-Determination
Theory (Ryan & Deci, 2020) explains that autonomy, competence, and relatedness are the three core
elements that support learning motivation. In the context of this platform, autonomy is provided through
the freedom for students to choose programming challenges according to their level of difficulty and learning
pace. Competence is fostered through the real-time feedback system, allowing students to understand
mistakes in their code and correct them independently. Relatedness is strengthened through leaderboards
and achievement badges, which encourage students to engage in healthy competition and increase their
involvement in the learning community.

These findings align with the studies by Combefis et al. (2016) and Gaeta et al. (2019), which demonstrate
that the implementation of points, badges, and leaderboards in programming learning can significantly
enhance students’ motivation. Furthermore, research by Uiphanit et al. (2023) emphasizes that the inclusion
of real-time challenge elements in games can increase competitiveness and motivate students to complete
tasks more quickly and effectively.

The use of the live coding feature in this platform has significantly contributed to the improvement of
students’ programming skills. Students not only passively learn programming syntax but also apply it directly
in challenge-based programming scenarios. The results of this study confirm that the hands-on learning
approach, based on direct problem-solving, effectively enhances students” understanding of programming
logic and computational thinking skills (Dallas & Gogoulou, 2022; Mohanarajah & Sritharan, 2022).

The live coding feature in this platform enables students to (1) see the results of their code in real time,
accelerating the process of understanding concepts; (2) receive real-time feedback, allowing them to
immediately correct errors in their programming logic; and (3) develop debugging skills, which are crucial
in the professional world.

Research by Tsiotras & Xinogalos (2021) and Xinogalos & Tryfou (2021) shows that the use of text-based
programming simulations and interactive coding environments can enhance students success rates in
solving more complex programming challenges. Additionally, the study by Kroustalli & Xinogalos (2021)
found that challenge-based programming learning platforms improve long-term retention of programming
concepts compared to traditional, more theoretical teaching methods.

One of the main challenges in programming learning is the gap between theory and practice, where students
often struggle to apply the concepts they have learned in real-world environments (Patmanthara et al.,
2019). The results of this study indicate that the GBL approach with real-time coding challenges can be an
effective solution to bridge this gap.

Several previous studies have shown that learning platforms that combine problem-based learning scenarios
with game elements can enhance students’ skills in applying theory to practice (Ekaputra, 2023; Subiyantoro
et al., 2024). In this study, students using the platform were not only able to understand programming
syntax but also successfully completed challenges that simulated real-world programming situations.

In comparison, platforms that only implement passive game elements (e.g., awarding points without direct
interaction) tend to have a lower impact on the development of students’ programming skills. This finding
supports the study by Yesengazyevna etal. (2022), which shows that game-based challenges that simulate real-
world scenarios are more effective in enhancing programming skills compared to merely solving theoretical
problems.
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This study makes an important contribution to the development of a more interactive, experience-based,
and user-centered programming learning model. The findings indicate that (1) the integration of GBL in
programming learning should focus more on hands-on learning elements, providing direct, problem-solving
challenges; (2) programming learning platforms should accommodate varying levels of difficulty, allowing
students to learn at their own pace while remaining motivated; and (3) game elements should not merely serve
as an additional feature, but must be strategically integrated into the learning design, so that students are not
only motivated by achievements but also experience significant improvements in their programming skills.

For future research, it is recommended that this GBL model be tested with other programming languages
such as Python, Java, or JavaScript, and applied in various other educational contexts, including project-based
learning. Additionally, further studies could explore how social factors, such as teamwork and competition
in games, can further enhance students’ learning outcomes.
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