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Abstract: In traditional programming education, teachers typically design fixed questions
and standard answers, manually grading the solutions submitted by students. This process
not only requires significant time and effort from educators but may also fail to provide
timely and personalized feedback due to limited teaching resources. To alleviate these
burdens and enhance teaching efficiency, this study leverages generative artificial intelli-
gence (Al) technology to develop a system capable of automatically generating questions
and grading answers. Students engage in programming exercises through a gamified
approach, with the system providing instant feedback on their answers. Additionally,
student performance is displayed via leaderboards, incorporating peer competition to
boost learning motivation. According to a user survey, the gamified system demonstrates
significant advantages: 56.67% of students found the system easy to use; 40% considered
the system well-integrated; 60% indicated that they quickly mastered the system’s func-
tionality, and over half (53.33%) believed that the leaderboard effectively enhanced their
competitive awareness and motivation. These results suggest that the system not only
reduces teachers” workload but also increases student engagement and learning outcomes
through gamified design.

Keywords: game-based learning; programming education; generative Al; learning motivation;
educational technology

1. Introduction

Recent advancements in information technology, particularly artificial intelligence (Al),
have largely impacted various fields, including programming education. Since the ability of
Al to generate code has made programming more accessible than before, students can rely
on Al to write basic programs. However, this convenience presents challenges: students
become overly dependent on Al, which hinders the facilitation of problem-solving abilities
and the improvement in their programming skills. Moreover, traditional programming
education often involves one-way instruction from teachers, which fails to engage students,
resulting in poor interaction and reduced learning motivation [1,2].

In the current educational landscape, programming education largely relies on con-
ventional teacher-centered approaches where students passively listen to lectures, although
innovative teaching methods such as problem-based learning (PBL) and flipped classrooms
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have been introduced. This lack of such interaction diminishes classroom appeal and fails
to effectively stimulate students’ learning motivation.

This study aims to address these issues by developing a gamified learning system
that integrates programming education with gamification. To ensure user-friendliness,
this system draws inspiration from the popular game Super Mario Bros, known for its
simple controls and intuitive gameplay that minimizes cognitive load for players. By
combining Al technology with immersive gameplay, this system creates an engaging
learning environment where players solve programming problems generated by Al while
avoiding obstacles in the games. This approach encourages students to think critically and
apply their programming knowledge to play the game. Teachers only need to provide
keywords, and the Al automatically generates programming questions and test data,
ensuring students receive personalized and challenging tasks.

To further enhance competitiveness, this system incorporates a scoring mechanism
and leaderboards. Students accumulate points by answering questions correctly and
lose points for incorrect answers, motivating them to review their responses to maintain
their cumulative scores. At the end of each game, scores are calculated to determine if
a new high score is achieved and to rank students on the leaderboard. This motivates
students to improve their performance. Additionally, the system enables teachers to
track students’ progress and learning outcomes, providing valuable insights into their
development. Through this gamified learning process, the system aims to increase students’
interest in programming and enhance overall learning efficiency and educational outcomes.

To systematically evaluate the system’s practicality and effectiveness, we explored the
relationship between system usability and user experience and between learning outcomes
and peer competition. Using the gamified learning system, students’ learning motivation
and engagement were enhanced significantly, and the leaderboard mechanism of the game
positively impacted students’ learning behavior.

2. A Literature Review
2.1. Game-Based Learning

The concept of gamification has been widely applied across various areas, such as
business and marketing. In education, gamification is integrated with digital learning,
becoming a significant part of educational technology. Gamified learning applies the
motivational aspects of games to educational activities, tapping humans’ inherent desire
for communication and achievement while managing students” attention through goal-
setting [3]. Through gamifying learning, mundane content becomes engaging and lively,
attracting students and fostering deeper involvement.

Game-based learning offers numerous advantages over traditional learning ap-
proaches, such as increasing motivation, enhancing learning outcomes, improving memory
retention, and providing immediate feedback. In a gamified learning environment, students
have objectives, which, compared with monotonous examinations, provide immediate
feedback and a sense of accomplishment, fostering enthusiasm for learning. Gamification
significantly improves students’ motivation and academic performance by making learning
more interactive and engaging [4].

However, while gamified learning enhances student engagement and motivation, it
also presents potential challenges. Over-reliance on extrinsic rewards, such as points or
badges, leads students to focus on these external incentives rather than intrinsic learning
motivations [4]. In such cases, when external rewards are reduced or removed, students
lose the drive for continued learning. Additionally, poorly designed games negatively
impact learning. Overly challenging tasks frustrate students and diminish their interest in
learning, while tasks that are too simple may fail to sufficiently motivate them [5].
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Therefore, designing appropriately challenging tasks and personalizing difficulty
levels based on students’ varying abilities are crucial for successful gamified learning. It
is important to integrate gamification with Al and big data technologies. By analyzing
students’ learning behaviors, more personalized learning experiences are ensured, offering
precise feedback on progress and individualized learning paths [4].

2.2. Programming Questions

The difficulty of programming questions must vary to carefully calibrate difficulty
levels [6]. The difficulty must be adjusted based on their teaching experience or students’
learning outcomes, but such approaches often fall short of accurately reflecting reality [7].
Similarly, when teachers rely on their expertise in the field to set question difficulties, the
inherently subjective nature of cognitive difficulty often results in inaccuracies [8]. This
suggests that neither students” performance nor teachers’” experience and expertise can ensure
precision in question design, let alone tailor difficulty levels for students of varying proficiency.

Program-learning students need to learn diverse skill levels and experiences. There-
fore, by designing appropriately challenging questions, being overwhelmed or disengaged
can be prevented, balancing challenges and progress [9]. Previous research on program-
ming education has examined how question difficulty influenced test-takers, including
its effects on submission behavior, the sequence of difficulty, and cognitive load. Difficult
questions led to fewer overall submissions but increased average submissions per individ-
ual. Additionally, arranging questions in order of difficulty results in better accuracy and
lower cognitive load compared with those in the reverse order. Thus, the order of difficulty
significantly impacts response behavior, confidence, and motivation [10].

When using generative Al to design questions, it is critical to carefully construct
keywords to prevent poor learning outcomes. Additionally, assigning appropriate response
times and attempt limits based on difficulty levels ensures learning effectiveness.

3. Methods
3.1. Experimental Design

We selected students who had completed a minimum number of gameplay sessions
and course learning hours. The students answered programming questions generated by
generative Al in the game. With correct answers, they were awarded points and benefits
(e.g., bonus points or invincibility), while incorrect answers resulted in point deductions. A
leaderboard mechanism provided real-time rankings, fostering a sense of competition to
enhance student engagement and learning motivation.

3.2. Questionnaire Design

The questionnaire was created to assess students’ subjective experiences and learning
perceptions of the gamified learning system from the following aspects:

e  System usability experience: Evaluate whether the system is user-friendly and intu-
itive, including interface design, feature integration, and overall ease of use (e.g., how
quickly students could master the system’s operations);

e Learning motivation and competitive influence: Focus on whether the competitive
mechanisms in the system (e.g., the point system and leaderboard) effectively en-
couraged students’ learning engagement. Questions included evaluations of whether
“competition motivated learning” and “efforts are made to improve ranking”;

e  Subjective evaluation of learning effectiveness: Measure the extent to which the system
improved students’ programming knowledge, such as enhancing logical thinking and
problem-solving skills. Items were rated on a five-point Likert scale (1 = strongly
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disagree; 5 = strongly agree), and open-ended sections were included for feedback on
system improvements.

3.3. Data Collection and Processing

The questionnaire was administered during class, allowing students to reflect on their
overall experience and provide feedback. The data collected were analyzed to evaluate
the system’s features, learning outcomes, and competitive mechanisms as perceived by
students. Metrics such as students” highest scores, the number of questions attempted, and
their answer accuracy rates were calculated to examine usage patterns.

4. Results and Analysis

We analyzed the impact of a generative Al-based gamified programming education
system on students’ learning outcomes and motivation through user surveys. Results and
data analysis were explored across dimensions, including system usability, motivation
enhancement, peer competition, and improvements in learning performance.

4.1. System Usability and Integration
4.1.1. Ease of Use

A total of 56.67% of the students found the system simple and user-friendly, indicating
that the design adequately considered user experience. The intuitive interface and functions
allowed students to quickly adapt and engage in learning. For students unfamiliar with
interface operations, the streamlined workflow significantly reduced technical barriers,
minimizing frustration unrelated to learning (Table 1).

Table 1. Response to statement “I Find the Game System Easy to Use”.

Response Percentage
Strongly Disagree 3.33%
Disagree 13.33%
Neutral 26.67%
Agree 46.67%
Strongly Agree 10%

4.1.2. Functional Integration

A total of 40% of students indicated that the system’s functionality was well-integrated,
showing success in combining gamification elements with learning objectives. Moreover,
60% found the game easy to play, reflecting the effectiveness of the “learning-as-gaming’
model. The game promoted immersive learning, enabling students to acquire programming

7

knowledge during gameplay (Tables 2 and 3).

Table 2. Response to statement “I Feel I Need Experienced Help To Use The Game System”.

Response Percentage
Strongly Disagree 10%
Disagree 50%
Neutral 33.33%
Agree 6.67%

Strongly Agree 0%
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Table 3. Response to statement “I Feel The Game System Integrates Its Functions Well”.

Response Percentage
Strongly Disagree 0%
Disagree 10%
Neutral 50%
Agree 30%
Strongly Agree 10%

4.2. Learning Motivation and Peer Competition Effects
4.2.1. Leaderboard

The leaderboard, a key mechanism for encouraging peer competition, demonstrated
significant effects. A total of 53.33% of the students agreed that the leaderboard motivated
their competitive intent and inspired them to improve their rankings. This extrinsic
motivation drove students to focus more on their learning, pay attention to details, and
seek better problem-solving methods (Table 4).

Table 4. Response to statement “Seeing The Leaderboard Rankings Motivates Me To Aim For A

Higher Position”.
Response Percentage
Strongly Disagree 0%
Disagree 0%
Neutral 46.67%
Agree 30%
Strongly Agree 23.33%

4.2.2. Competition

We analyzed the positive impact of competition on learning. The students were more
eager to challenge themselves in the game, frequently checking rankings after completing
generative Al tasks and improving their strategies. This continuous improvement mindset
enhanced short-term learning outcomes and fostered long-term study habits.

4.3. Learning Performance Enhancement Using Generative Al
4.3.1. Dynamic Question Generation and Differentiated Learning

Generative Al dynamically generated programming questions and adapted their
difficulty based on student performance. This made tasks challenging and attainable. For
high-achieving students, the system offered advanced experiences, while for beginners, the
system built confidence through basic tasks. This “differentiated instruction” met diverse
learner needs and mitigated learning fatigue.

4.3.2. Balance Between Challenge and Achievement

Challenging questions effectively boosted engagement and motivation. By successfully
solving moderately difficult problems, students obtained a strong sense of achievement,
further increasing their interest in programming. Additionally, the system’s real-time
feedback mechanism encouraged students to reflect on errors and refine their strategies,
fostering critical thinking skills.

4.4. In-Depth Exploration of Student Learning Behaviors
4.4.1. Changes in Learning Behavior

The gamified learning system prompted changes in student behavior. Compared with
traditional classroom teaching, students displayed enhanced initiative. During gameplay;
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they faced time pressures and were required to think quickly to solve programming
problems. These immediate challenges enhanced focus and problem-solving abilities.

4.4.2. Value of Data-Driven Learning Records

The system’s built-in database was used to track students’ performance, including
answer accuracy and completion time for each question. These records helped teachers
monitor progress and helped students realize their strengths and weaknesses, enabling
targeted improvements on key challenges.

5. Conclusions

We developed an innovative system that integrated generative Al with gamified
learning to enhance students” motivation and programming skills. Based on the results of
the system implementation, the following results were obtained.

The results demonstrated that dynamically generated questions and differentiated dif-
ficulty adjustments, implemented through generative Al, provided students with tailored
learning experiences. This improved learning efficiency, critical thinking, and problem-solving
skills. Additionally, the incorporation of gamification elements, such as point mechanisms,
further boosted learner motivation, establishing a trend of sustained learning progress.

External mechanisms, such as leaderboards, strengthened peer competition. Backend
data and survey feedback helped students to improve their leaderboard rankings. Over half
of the students considered ranking as a key factor in their willingness to continue learning
through the system and competing with peers. This competitive environment facilitated
concept retention and growth through continuous engagement. Therefore, incorporating
external mechanisms into a learning environment can yield significant benefits.

To further enhance the educational value of the system, it is necessary to explore
the integration of gamified learning and generative Al in subjects such as mathematics,
science, or other disciplines, offering diverse learning opportunities to more students.
Team collaboration or competition features also need to be introduced to foster student
interaction and cooperative learning. In addition, occasional misjudgments by generative
Al that may lead to minor data misinterpretations must be addressed. Improved Al model
training significantly reduces such errors, helping teachers track student behavior and
outcomes more effectively and exert immediate teaching interventions.

Compared with previous studies in which the learning system often overly relied on
external rewards (e.g., badges or points) and potentially weakened intrinsic motivation,
the developed system in this study presented a higher level of integration between game
elements and educational content. Students increased their interest in learning while
challenging themselves. Furthermore, the system provided empirical evidence of its
application value in real educational environments, while previous systems with generative
Al in education focused primarily on theoretical discussions.

The developed gamified system demonstrates the potential of combining generative
Al with gamified learning and offers a reference for future development of educational
technology. This innovative system promotes student progress in programming education
and for broader educational applications.
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