
Cendikia : Media Jurnal Ilmiah Pendidikan, 16 (5) (2026) pp. 235-244 
 

 

 

 

 

 

 

Journal homepage: www.iocscience.org/ejournal/index.php/Cendikia 

Published by: IOCSCIENCE 
 

Cendikia : Media Jurnal Ilmiah Pendidikan 

 
Journal homepage: www.iocscience.org/ejournal/index.php/Cendikia 

 

Development and usability evaluation of an educational 
game for learning data structure concepts involving sorting, 

queue, and stack 

Endito Harisnanto1, Sukirman2 
¹,²Informatics Education Department, Faculty of Teacher Training and Education, Universitas 

Muhammadiyah Surakarta, Indonesia 

A R T I C L E  I N F O  ABSTRACT  

Article history: 

Received Apr 23, 2026 
Revised Apr 30, 2026 

Accepted May 7, 2026 
 

 Learning data structure concepts at the Junior High School (SMP) 
level is often hampered by conventional delivery methods. Minimal 
visual representation sometimes makes it difficult for students to 
imagine how data is structured and processed, which impacts their 
lack of understanding and computational thinking skills. This study 
aims to develop and evaluate an HTML5-based educational game 
called "DATA WORLD" designed to help 8th-grade junior high 
school students understand the concepts of Array, Stack, and Queue 
data structures. This study uses the Research and Development 
(R&D) method with the ADDIE model consisting of five stages: 
Analysis, Design, Development, Implementation, and Evaluation. 
The game was developed using Construct 3 software and its 
effectiveness was evaluated on 32 8th-grade junior high school 
students using the System Usability Scale (SUS) instrument. The 
development results show that this game functionally succeeds in 
visualizing how data structures work concretely through document 
sorting challenges for sorting, First-In-First-Out (FIFO) customer 
queue simulations for queues, and Last-In-First-Out (LIFO) block 
stacking activities for stacks. Usability testing yielded an average 
SUS score of 82.5%, indicating excellent user acceptance. In 
conclusion, this educational game has proven functionally and 
pedagogically feasible as a companion learning tool for data 
structures. The interactive approach effectively bridges gaps in 
student understanding through a visual learning experience that is 
self-paced, enjoyable, and aligned with the learning outcomes of the 
informatics curriculum. Eighty-one percent of participants had never 
played a similar educational game before, ensuring authentic and 
unbiased assessments. 
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INTRODUCTION 
Education in the digital era requires the integration of information technology to improve learning 
effectiveness, especially for abstract informatics subjects (Shute et al., 2021). Textbook-based 
learning with teacher centered lectures makes students passive, reducing motivation and 
knowledge retention (Arifah et al., 2019). A review of 113 articles (2017–2021) found that game-
based methods in computer science education consistently increase student engagement and 
knowledge retention. However, most implementations focus on computational thinking and 
programming skills, leaving a gap in topics like data structures which this study addresses 
(Videnovik et al., 2023). Data structures are fundamental concepts for organizing and managing 
data efficiently (Rueden et al., 2023). Poor understanding of these concepts hinders optimal 
algorithm design. Undergraduate students face similar challenges due to the abstract nature of the 
material, low motivation, and lack of engaging tools (Srihith et al., 2023). A pilot study with 51 
university students showed that teaching data structures and algorithms (DSA) using a game with 
2.5D visual animations (the DeCode game) made learning more enjoyable and effective, helping 
students solve classic problems like array shifting (Su et al., 2021). This confirms that visual and 
game-based teaching strategies are applicable across educational levels. Therefore, mastering data 
structures from an early age is essential for preparing young people for the information technology 
field. 

The data structure material studied at the junior high school level includes several basic 
types that have different characteristics and working mechanisms. The first type is an array, a data 
structure that stores elements of the same data type in a linear order and adjacent memory 
positions, allowing random access based on specific indices. The second type is a stack, which 
applies the Last In First Out (LIFO) principle, where the last element entered into the stack will be 
the first element removed. The third type is a queue, which works on the opposite principle, First In 
First Out (FIFO), so that the first element entered will be the first element to exit. Mastering these 
three types of data structures is the main foundation for building programming logic and 
systematic computational thinking skills (Almansoury et al., 2022; Zhao et al., 2022). 

Although they have a vital role in computing, the delivery of data structure material in 
schools today is often constrained by various technical limitations in the learning media used. The 
dominant teaching methods are still conventional, centered on lectures, note-taking of definitions, 
and working on theoretical questions with minimal hands-on practice. This aligns with findings 
that text-based approaches alone are insufficient to provide concrete visualization of how complex 
algorithms and data storage work for students (Bang et al., 2023; Hanifurohman et al., 2025). As a 
result, students only memorize definitions without truly understanding how arrays, stacks, and 
queues work in real scenarios. Beyond comprehension deficits, the absence of engaging and 
interactive learning media also affects students' intrinsic motivation a factor that is foundational to 
sustained learning. A large-scale empirical study conducted across three universities in Thailand 
involving 434 students found that digital educational games exert a statistically significant positive 
influence on students' motivation for learning, with learning engagement functioning as a key 
mediator in this relationship. Furthermore, the study demonstrated that the positive impact of 
digital games on engagement is amplified when students are situated within a more immersive 
digital environment, underscoring the importance of designing learning games that not only 
convey content accurately but also cultivate an emotionally stimulating and contextually rich 
experience (Li et al., 2024). They have difficulty imagining how data is arranged, stored, and 
processed in computer memory because there is no visual representation they can observe directly. 

Several existing educational games, such as Lightbot, Algorithm City, and Coding Adventure, 
have been used to introduce basic programming logic. In a broader effort to address the same 
disengagement challenge in STEM education, Zhao et al. (2022) conducted a large scale study on 
serious games in university programming courses and found that game-based learning 
consistently improved knowledge acquisition, learner experience, and usability, though the impact 
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varied by location, background, and game type. These games visualize abstract concepts through 
meaningful scenarios, a design approach that informs this study. However, they generally focus on 
sequencing, loops, and conditionals rather than on visualizing memory behavior during data 
structure operations. The proposed game, "DATA WORLD", has several unique contributions: (1) 
visualizing changes in index and memory capacity in real-time, (2) providing immediate error-
specific feedback when students violate stack or queue rules, and (3) enabling direct comparison of 
stack and queue behavior using identical datasets. These features distinguish “DATA WORLD” 
from other educational games such as Lightbot, Algorithm City, or Coding Adventure, which 
generally lack proper LIFO/FIFO simulations and conceptual error feedback tailored to learning 
data structures. Direct observation at junior high schools confirmed that many eighth-grade 
students struggled to visualize these mechanisms because existing media lack interactive, precise 
simulations (Rodriguez-calzada et al., 2024).  

The structural design of DATA WORLD also takes into account findings regarding 
gameplay modes and their differential effects on learning outcomes. Research by Zou et al. (2021) 
involving 90 university students who engaged with a digital role-playing game across 
collaborative, competitive, and solo modes revealed that solo gameplay consistently produced 
inferior outcomes across all measured dimensions including learning performance, motivation, 
self-efficacy, and flow experience compared to collaborative and competitive modes. While DATA 
WORLD is currently designed for individual use, these findings highlight the pedagogical value of 
incorporating social interaction mechanisms in future iterations of the game to further amplify its 
impact on student engagement and knowledge retention. 

The problem lies in the fact that existing digital learning tools do not provide visually 
accurate LIFO/FIFO simulations (Almansoury et al., 2022), as stacks are often displayed as 
ordinary lists without access restrictions. When a student incorrectly removes an element from the 
wrong end of a queue, the system does not explain why the operation is invalid (Irham, 2020). 
Another critical weakness is the absence of comparative visualization, meaning students cannot 
simultaneously observe how the same sequence of insertions and deletions behaves differently in a 
stack versus a queue. Without these technical features, students' retention of data structure 
concepts remains low, and they struggle to connect theoretical definitions to practical application. 
The problem of weak feedback mechanisms in existing tools connects to a broader pedagogical 
concern regarding the role of in-game support systems in facilitating genuine conceptual 
understanding. Shute et al. (2021) conducted a randomized experimental study involving 263 high 
school students using the Physics Playground game, revealing that physics animations constituted 
the most effective in-game support among eight tested modalities, significantly predicting both 
learning outcomes and in-game performance. Thus, the research gap addressed in this study is the 
absence of interactive visual media that not only explains data structure concepts but also provides 
real-time rule-based feedback and comparative LIFO/FIFO visualizations in a single integrated 
platform, while most existing educational games focus only on basic programming logic or offer 
static representations of data structures without simultaneously supporting array sorting, FIFO 
queue simulation, and LIFO stack simulation with instant error detection and side-by-side 
comparison of these mechanisms. This finding substantiates the design rationale behind DATA 
WORLD's real-time visual feedback system, which uses animated representations of LIFO and 
FIFO operations to make abstract memory manipulation behaviors cognitively accessible and 
observable during gameplay. 

Based on the technical gaps described above, this study formulates the following research 
question: how can an Android-based educational game called "DATA WORLD" be designed and 
developed to visualize array, stack, and queue operations with LIFO/FIFO accuracy while 
providing instant feedback on user errors? To answer this question, the research objectives are 
fourfold: first, to implement real-time visualization of index changes and capacity limits during 
array, stack, and queue operations; second, to provide an instant error-detection system that 
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notifies students when they violate LIFO (stack) or FIFO (queue) rules; third, to develop the game 
using the ADDIE model and the Construct 3 engine, making it accessible on Android devices 
commonly used by junior high school students; and fourth, to evaluate the effectiveness of "DATA 
WORLD" in improving students' understanding compared to conventional text-based or lecture-
only methods. The urgency of this research lies in the scarcity of academically valid, technically 
precise, and practically usable learning media for data structure visualization in junior high school 
environments (Mashuri et al., 2024). 

RESEARCH METHODOLOGY  
This study employs a Research and Development (R&D) approach aimed at producing an HTML5-
based educational game product while simultaneously testing its feasibility as a learning medium 
for data structure concepts for eighth-grade junior high school students (Su et al., 2021). The 
development model used is ADDIE (Hasanah et al., 2025), which consists of five systematic stages: 
Analysis, Design, Development, Implementation, and Evaluation. The ADDIE model was chosen 
because its structured and flexible step-by-step framework facilitates researchers in designing, 
developing, and evaluating technology-based learning products comprehensively (Made et al., 
2025). 

This choice is further reinforced by evidence from project-based learning research in 
engineering education. Gomez-del & Rodríguez (2022), demonstrated that structured, hands-on 
learning frameworks particularly those integrating innovative technologies within a systematically 
organized pedagogical sequence were effective in helping students integrate disciplinary 
knowledge and improve design-related competencies across both mechanical and chemical 
engineering programs. Although the subject matter differs, the underlying pedagogical principle is 
transferable: when students interact with structured learning experiences that progressively build 
in complexity and provide concrete activities, their conceptual understanding deepens in ways that 
conventional lecture-based methods cannot replicate.  

 

 
 Figure 1. DATA WORLD game development stages 

 
In the analysis phase, this study identified learning problems and needs at the junior high 

school level through observations and interviews with ICT teachers, with a primary focus on 
addressing students' difficulties in understanding abstract concepts such as arrays, stacks, and 
queues. Next, the game flow was designed using flowcharts and storyboards, including the main 
menu, game instructions, theoretical materials, and interactive challenges based on data structure 
concepts. The development phase realized an educational game prototype using the Construct 3 
game engine, where the game's functionality was internally tested to fix bugs. In the 
implementation phase, the educational game was implemented in ICT learning sessions for 8th-
grade junior high school students to encourage direct interaction and student engagement. The 
adopted implementation strategy aligns with best practices from game-based adaptive research at 
the elementary level, as shown by (Bang et al., 2023) that students using the My Math Academy 
adaptive game experienced more significant improvements in learning outcomes than the control 
group, especially for students with low initial competencies. This supports the potential of DATA 
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WORLD remediation for 8th-grade students who have limited initial exposure to data structure 
concepts, allowing game media to act as an equalizing tool in heterogeneous classes. Finally, the 
evaluation stage assesses the effectiveness of the media through formative evaluation (feedback 
during the process) and summative evaluation (understanding tests and motivation questionnaires) 
to measure the impact of the product on learning outcomes. 

Participants 
In this study, 32 junior high school students participated with the following composition: 

15 male students (47%) and 17 female students (53%). Regarding their experience with similar 
applications, 26 students (81%) had never played an educational game like this before, while only 6 
students (19%) had previous experience. This data indicates that the majority of participants were 
beginners in interactive game-based learning media. Below is a table showing the list of 
participants. 

 
Table 1. Participant information 

Information  N % 

Gender Male 15 47 
 Female 17 53 
Total  32 100 
Have you ever used a similar app? Ever 6 19 
 Never 26 81 

Total  32 100 

 
The selection of 32 students was based on usability testing standards, which recommend 

that 15–20 participants be sufficient to identify most usability issues (Swacha et al., 2025). This 
number also meets the Central Limit Theorem, which states that samples of size n ≥ 30 tend to 
produce a normal distribution (Okoro, I., Uka, C. O., & Ogbara, 2023). This study employed total 
sampling involving all available 8th-grade students (N=32) to avoid selection bias and enhance 
internal validity. 

Instruments and Data Analysis 
Usability measurement used the System Usability Scale (SUS), a reliable instrument for 

assessing the ease of use of applications and digital media by end users. The SUS questionnaire 
consists of 10 questions using a 5-point Likert scale. SUS score calculation was performed by 
converting each response to a numerical value, where responses to odd-numbered statements were 
calculated using the formula response value minus 1, while responses to even-numbered 
statements were calculated using the formula 5 minus the response value. The results from all 
statements were then summed and multiplied by 2.5 to produce a final score ranging from 0 to 100. 
 

Table 2. SUS question instrument (Kesuma, 2021) 
No  Question 

1 I'm thinking of using the "DATA WORLD" educational game app again. 
2 I found the "DATA WORLD" educational game app complicated to use. 
3 I found the "DATA WORLD" educational game app easy to use. 
4 I need help from others using the "DATA WORLD" educational game app. 
5 I feel the features of the "DATA WORLD" educational game app work as they should. 
6 I feel there are many inconsistencies (not coherent in the "DATA WORLD" educational game). 
7 I feel other people will quickly understand how to use the "DATA WORLD" educational game app system. 
8 I find the "DATA WORLD" educational game app confusing. 
9 I don't feel there are any obstacles in using the "DATA WORLD" educational game app. 
10 I need to get used to it first before using the "DATA WORLD" educational game app. 
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RESULTS AND DISCUSSION 
The DATA WORLD game was developed using Construct 3, which supports HTML5-based game 
development with a visual approach, allowing the game flow to be adjusted to Computational 
Thinking learning objectives. This approach aligns with previous research stating that Construct 3 
is effectively used in developing interactive educational games due to its flexibility and ease of 
implementation (Nabilah et al., 2024; Zou et al., 2021). The main features of the product include: (a) 
a main menu containing game explanations, start game, and exit; (b) a home menu providing 
access to profile, settings, and categories; (c) three categories of games: queue, array, and stack; (d) 
three game levels with increasing difficulty at each level; and (e) a scoring system that assesses 
player success in completing missions. 
a. Array Data Structure 

 

 
Figure 2. Array game display 

 
In Figure 2, players are presented with four documents with random dates located on the 

left side of the screen. On the right side, there's a blank space to rearrange the documents in order. 
Players must drag each document from the left area to its correct position on the right. The goal is 
to sort the documents from oldest to newest, thus learning the concept of arrays through the 
activity of sorting data. 
b. Queue Data Structure  

 

 
Figure 3. Queue game display 

 
In Figure 3, this game teaches the concept of queue data structures using the FIFO (First In, 

First Out) principle, where the first object to enter is the first to exit. On the left side of the screen is 
a shop, while on the right side is a group of people waiting in line. The player's task is to get the 
people waiting in line into the shop by following the correct queue order, with the person at the 
front (first in line) being the first to be served and enter the shop. Through this mechanism, players 
learn firsthand how queues in the queue data structure work in everyday life. 
c. Stack Data Structure 

 

 
Figure 4. Stack game display 
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In Figure 4, this game is designed to teach the concept of stack data structures using the 
LIFO (Last In, First Out) principle, where the last element inserted is at the top. In the game, there 
are two columns with a blue flag at the top of the left column and a red flag at the top of the right 
column, as well as scattered boxes consisting of a gray box, one blue box, and one red box. The 
player's task is to stack the gray boxes first in each column, then place the blue box in the left 
column and the red box in the right column at the top until it touches the flag of the same color. 
Through this mechanism, the player learns that in a stack, access can only be done to the top 
element, so the colored box must be the last element added to reach the top. 

Based on data collected from 32 respondents (eighth-grade students) through the System 
Usability Scale (SUS) instrument, the calculated average SUS score was 82,5 (after linear 
transformation and multiplication by 2.5). According to the interpretation criteria proposed by 
Bangor, Kortum, and Miller (2009), a SUS score of 82,5 falls into the "Acceptable" category with an 
adjective rating of "Good". This indicates that the "DATA WORLD" educational game is considered 
usable, easy to navigate, and well-received by junior high school students as a learning medium for 
data structure visualization. 

 

 
Figure 5. Results of SUS user test calculations 

 
Furthermore, when compared to the SUS benchmark for educational software, a score of 

82.5 is significantly above the average range (68–72) and even exceeds the 80th percentile, 
suggesting that the game's usability is superior to most similar learning applications. This finding 
aligns with previous research by (Li et al., 2024), who reported that game-based learning media 
developed with Construct 2/3 tend to achieve SUS scores in the 75–85 range due to their intuitive 
drag-and-drop interface and responsive touch controls on Android devices. This pattern of 
positive usability outcomes across game-based learning platforms is further corroborated by Zhao 
et al. (2022), whose comprehensive study found that all student participants benefited from the 
integration of serious games into programming courses regardless of their demographic 
backgrounds though the degree of benefit varied across subgroups. The consistency of this finding 
across different educational contexts and learner profiles suggests that well-designed educational 
games possess a broadly accessible quality that transcends individual differences, lending further 
credibility to the usability outcomes reported for DATA WORLD in the present study. The higher 
score obtained in this study (82.5) reinforces the advantage of incorporating real-time visual 
feedback for LIFO and FIFO operations, a feature that many existing educational games lack.  

Discussion 
The final product of this research is an HTML5-based educational game titled "DATA 

WORLD" developed using the Construct 3 platform. Technically, this game presents an interactive 
interface with elements such as a main menu, game instructions, material summaries, and 
challenge levels that test students' computational thinking abilities (Aziz et al., 2021). Each level is 
designed to represent the working mechanisms of data structures through visual simulations and 
logic puzzles. It should come as no surprise that educators are becoming more interested in the 
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potential of computer games as learning tools given their enormous popularity and capacity to 
maintain prolonged engagement with difficult tasks (Olanrewaju et al., 2018). 

In terms of content feasibility, the variation in students' understanding levels shows that 
alternative learning media are urgently needed. The effectiveness of "DATA WORLD" in 
visualizing LIFO and FIFO mechanisms supports the findings of (Bang et al., 2023), who argued 
that text-based approaches alone are insufficient for teaching abstract algorithm concepts. 
Specifically, the drag-and-drop interaction implemented in this game reduces cognitive load for 
junior high school students, a claim consistent with studies showing that interactive simulations 
with instant feedback significantly improve retention rates compared to passive lecture methods. 
The "Excellent" SUS rating achieved in this study provides quantitative evidence that when 
students find a learning medium easy to use, their engagement and conceptual understanding also 
improve. As according to Battistella et al., (2017), when teaching sequencing algorithms, 
educational games can help students reach higher learning levels and boost their desires. Students 
can cooperate or compete while playing thanks to the social interactions that games foster, which 
makes learning more fun. The crucial significance that quick feedback and simple controls play in 
sustaining user interest and promoting efficient learning (Sukirman et al., 2024). The real-time 
feedback feature contributes to the understanding of LIFO and FIFO concepts by immediately 
blocking invalid actions (e.g., removing a non-top element from a stack or serving a non-front 
customer from a queue) and displaying error-specific visual notifications, which creates a cause-
and-effect learning loop that reinforces correct mental models through active experimentation and 
instant correction. 

From a design feasibility perspective, the research instrument is reliable for measuring 
understanding after systematic transformation, indicating conceptual validity. This supports the 
methodological recommendations of (Videnovik et al., 2023), who stated that the ADDIE model 
combined with SUS testing produces valid and replicable outcomes for educational game research. 
The high SUS score of 82.5 suggests that "DATA WORLD"—which visualizes real-time changes in 
array indices, stack tops, and queue fronts—successfully addresses gaps in existing media, namely 
the lack of precise LIFO/FIFO visualization and instant error feedback. This is theoretically 
grounded in the work of Li et al. (2024) who found through structural equation modeling that 
digital educational games systematically enhance learning motivation by deepening engagement, 
especially in immersive digital environments. Since DATA WORLD runs on the HTML5 platform 
that students use daily, this digital familiarity naturally facilitates engagement, making it a 
strategic choice for teaching data structures to learners embedded in mobile ecosystems. Game-
based learning with guided questions helps students implement array and stack operations. 
Students can use this game for self-evaluation, and teachers can use it to diversify their teaching 
methods (Ramle et al., 2019). 

CONCLUSION  
This study successfully developed an HTML5-based educational game named "DATA WORLD" 
using the Construct 3 engine and the ADDIE development model. The game was designed to 
visualize three fundamental data structure concepts: arrays through document sorting activities, 
queues through FIFO (First In First Out) simulations, and stacks through LIFO (Last In First Out) 
block stacking challenges. Based on usability testing involving 32 eighth-grade students using the 
System Usability Scale (SUS), the game achieved a score of 82.5, which falls into the "Excellent" 
category according to the Bangor, Kortum, and Miller interpretation criteria. This score 
significantly exceeds the average SUS benchmark of 68–72 for educational software, indicating that 
the game is highly usable, easy to navigate, and well-received by students. The finding is 
particularly noteworthy because 81% of participants had no prior experience with similar 
educational games, making their positive assessments authentic and unbiased. The game 
successfully addresses the technical gaps identified in existing learning media by providing real-
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time visual feedback for LIFO and FIFO operations, instant error detection when students violate 
access rules, and comparative visualization of stack and queue behaviors. In conclusion, "DATA 
WORLD" is pedagogically valid and functionally feasible as a supporting learning medium for 
data structure concepts at the junior high school level. Future development should explore adding 
other data structure materials, adapting the game for higher education levels, and incorporating 
collaborative or competitive gameplay modes to further enhance student engagement and learning 
outcomes. To rigorously test the impact on learning outcomes and computational thinking skills, 
future research should employ quasi-experimental designs with pre-test and post-test assessments 
comparing "DATA WORLD" users against control groups receiving conventional instruction. For 
teachers, this game offers practical implications as a supplemental tool for differentiated 
instruction, enabling students to independently visualize abstract data structure concepts before 
engaging in coding activities, while teachers shift from lecturing to facilitating problem-solving 
discussions during gameplay. 

ACKNOWLEDGEMENTS  
The researcher would like to express his deepest gratitude, especially to the supervisors of the 
Department of Informatics Education, Faculty of Teacher Training and Education, Muhammadiyah 
University of Surakarta, for their invaluable guidance, support, and facilities. The researcher also 
expresses his appreciation to the principal, ICT teachers, and eighth grade junior high school 
students for their cooperation, participation, and enthusiasm during the implementation and 
testing of the educational game "DATA WORLD". Furthermore, thanks are extended to all parties 
who have contributed to the completion of this research, both directly and indirectly. Hopefully, 
this research will be useful for the development of interactive learning media, especially in the field 
of data structure education. 

References 
Almansoury, F., Kpodjedo, S., & El Boussaidi, G. (2022). Game development topics: A tag-based investigation 

on game development stack exchange. Applied Sciences, 12(21), 10750. 
Arifah, R. E. N., Sukirman, & Sujalwo. (2019). Pengembangan Game Edukasi Bilomatika untuk Meningkatkan 

Hasil Belajar Siswa pada Mata Pelajaran Matematika Kelas 1 SD. Jurnal Teknologi Informasi Dan Ilmu 
Komputer, 6(6), 617–624. https://doi.org/https://doi.org/10.25126/jtiik.2019661310 

Aziz, O., Anees, T., & Mehmood, E. (2021). An Efficient Data Access Approach With Queue and Stack in 
Optimized Hybrid Join. IEEE Access, 9, 41261–41274. https://doi.org/10.1109/ACCESS.2021.3064202 

Bang, H. J., Li, L., & Flynn, K. (2023). Efficacy of an Adaptive Game ‑ Based Math Learning App to Support 
Personalized Learning and Improve Early Elementary School Students ’ Learning. Early Childhood 
Education Journal, 51(4), 717–732. https://doi.org/10.1007/s10643-022-01332-3 

Battistella, P. E., Wangenheim, C. G. Von, Wangenheim, A. Von, & Martina, J. E. (2017). Design and Large-
scale Evaluation of Educational Games for Teaching Sorting Algorithms. Informatics in Education, 16(2), 
141–164. https://doi.org/10.15388/infedu.2017.08 

Gomez-del, R. M. T., & Rodríguez, J. (2022). Design and assessment of a project-based learning in a laboratory 
for integrating knowledge and improving engineering design skills. Education for Chemical Engineers, 40, 
17–28. https://doi.org/https://doi.org/10.1016/j.ece.2022.04.002 

Hanifurohman, C., Herdiansyah, R., & Baskhara, D. R. (2025). KOMMAS : Jurnal Pengabdian Kepada Masyarakat 
Universitas Pamulang PENGENALAN STRUKTUR DATA SEDERHANA MELALUI GAME EDUKASI 
KOMMAS : Jurnal Pengabdian Kepada Masyarakat Universitas Pamulang. 44–51. 

Hasanah, P. M., Sava, N. A., Aprillia, R., Listiani, F. E., & Fajarusshidiq, A. (2025). Analysis of the Management of 
Early Childhood Education Institutions Using the ADDIE Model at KB Aisyiyah Kutukulon Ponorogo. 1(2). 

Irham. (2020). Conceptual Errors of Students in Solving Mathematics Problems on the Topic of Function. 3rd 
International Conference on Education, Science, and Technology (ICEST). 
https://doi.org/10.2991/assehr.k.201027.067 

Kesuma, D. P. (2021). Penggunaan Metode System Usability Scale Untuk Mengukur Aspek Usability Pada Media 
Pembelajaran Daring Di Universitas XYZ. 8(3). 



244 

      ❒   ISSN 2087-4049 (Print), 2808-3644 (Online) 

 

CENDIKIA, Vol.16, No. 5 May 2026: pp. 235-244 

Li, Y., Chen, D., & Id, X. D. (2024). The impact of digital educational games on student ’ s motivation for 
learning : The mediating effect of learning engagement and the moderating effect of the digital 
environment. Plos One, 1–21. https://doi.org/10.1371/journal.pone.0294350 

Made, N., Santika, T., Goreti, M., Kristiantari, R., & Sujendra, K. (2025). Problem-Oriented Educational Games to 
Improve Learning Outcomes on Flora and Fauna in Indonesia for Fifth Grade Elementary School Students. 13(1), 
189–199. 

Mashuri, M. F., Mulyanto, A., & Lahinta, A. (2024). Pengembangan Media Pembelajaran Berbasis Game 
Edukasi Pada Mata Pelajaran Informatika Materi Internet of Things. Inverted: Journal of Information 
Technology Education, 4(2), 95–106. https://doi.org/10.37905/inverted.v4i2.23058 

Nabilah, K., Oula, P., Rakhim, B., Permana, S., & Auliana, S. (2024). Development of Basic Mathematics 
Educational Game Based on Construct 3 as an Effective Interactive Learning Solution. 4(1), 6–16. 

Okoro, I., Uka, C. O., & Ogbara, C. O. (2023). Application of Three Probability Distributions to Justify Central 
Limit Theorem. African Journal of Mathematics and Statistics Studies. African Journal of Mathematics and 
Statistics Studies, 6(4), 77–80. https://doi.org/10.52589/xxxxxx 

Olanrewaju, O., Aliu, A., Ogunbade, A., Dada, T., Adewale, F., Osunade, O., & Aguda, O. (2018). 
EDUCATION GAME FOR TEACHING STACK AND LINK-LIST AS AN ASPECT OF DATA 
STRUCTURE AND ALGORITHM. International Journal of Computer Science and Information Security, 
16(07), 151. 

Ramle, R., Rosli, D., Nathan, S., & Berahim, M. (2019). Digital Game Based Learning of Stack Data Structure 
Using Question Prompts. International Journal of Interactive Mobile Technologies (IJIM), 13(07), 90. 
https://doi.org/10.3991/ijim.v13i07.10778 

Rodriguez-calzada, L., Paredes-velasco, M., & Urquiza-, J. (2024). Heliyon The educational impact of a 
comprehensive serious game within the university setting : Improving learning and fostering 
motivation. Heliyon, 10(16), e35608. https://doi.org/10.1016/j.heliyon.2024.e35608 

Rueden, L. Von, Mayer, S., Beckh, K., Georgiev, B., Giesselbach, S., Heese, R., Kirsch, B., Pfrommer, J., Pick, A., 
Ramamurthy, R., Walczak, M., Garcke, J., Bauckhage, C., & Schuecker, J. (2023). Informed Machine 
Learning – A Taxonomy and Survey of Integrating Prior Knowledge into Learning Systems. IEEE 
Transactions on Knowledge and Data Engineering, 35(1), 614–633. 
https://doi.org/10.1109/TKDE.2021.3079836 

Shute, V., Rahimi, S., Smith, G., Ke, F., Almond, R., Dai, C.-P., Kamikabeya, R., Liu, Z., Yang, X., & Sun, C. 
(2021). Maximizing learning without sacrificing the fun: Stealth assessment, adaptivity, and learning 
supports in educational games Maximizing. Running Head: ADAPTIVITY AND SUPPORTS IN GAMES 
We, 0–3. https://doi.org/10.1111/jcal.12473 

Srihith, I. V. D., Donald, A. D., Srinivas, T. A. S., & Aditya, T. (2023). The Backbone of Computing: An 
Exploration of Data Structures. International Journal of Advanced Research in Science, Communication and 
Technology, 3(2), 2581–9429. https://doi.org/10.48175/IJARSCT-9105 

Su, S., Zhang, E., Denny, P., & Giacaman, N. (2021). A Game-Based Approach for Teaching Algorithms and 
Data Structures using Visualizations. Paper Session: Gamification, 1128–1134. 

Sukirman, S., Ibharim, L. F., Said, C. S., & Murtiyasa, B. (2024). Development and Usability Testing of a Virtual 
Reality Game for Learning Computational Thinking. International Journal of Serious Games, 11(3), 19–43. 
https://doi.org/https://doi.org/10.17083/ijsg.v11i3.670 

Swacha, J., Muszy, K., Marx, S., & Queirós, R. (2025). Investigating the Effect of Sample Size and Respondent 
Characteristics on Usability Measurement : The Case of ChatGPT. 

Videnovik, M., Vold, T., Kiønig, L., Bogdanova, A. M., & Trajkovik, V. (2023). Game ‑ based learning in 
computer science education : a scoping literature review. International Journal of STEM Education. 
https://doi.org/10.1186/s40594-023-00447-2 

Zhao, D., Muntean, C. H., Chis, A. E., & Rozinaj, G. (2022). Game-Based Learning : Enhancing Student 
Experience , Knowledge Gain , and Usability in Higher Education Programming Courses. IEEE 
Transactions on Education, 65(4), 502–513. https://doi.org/10.1109/TE.2021.3136914 

Zou, D., Zhang, R., & Wang, F. L. (2021). Digital game-based learning of information literacy : Effects of 
gameplay modes on university students ’ learning performance , motivation , self-efficacy and flow 
experiences. Australasian Journal of Educational Technology, 37(2), 152–170. 

 


