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A B S T R A C T  
Data Structures and Algorithms (DSA) are essential topics in computer science education, but 
many students experience difficulties in understanding abstract concepts through 
conventional learning methods. This study presents Catch U Bro, an educational detective 
game designed to introduce DSA concepts through interactive gameplay. In the game, players 
investigate suspects using multiple information brokers that represent different data 
structures, including stacks, queues, and hash maps. Each broker applies a different data 
retrieval mechanism, requiring players to interact with the data according to the implemented 
structure. The system was developed as a desktop-based game using the Godot engine with 
randomized suspect data and clue generation to create varied gameplay experiences. The 
implementation demonstrates how DSA concepts can be integrated into detective-style game 
mechanics to provide a more engaging and practical learning medium. Functional (black-box) 
testing confirmed that all broker mechanisms and the investigation workflow operated as 
intended, indicating that the proposed integration is technically feasible as a learning medium. 
Empirical evaluation of its effect on students' conceptual understanding is identified as a 
direction for future work. 

Keywords: Data Structures; Educational Game; Detective Game; Algorithms.
 

1. INTRODUCTION

Data Structures and Algorithms (DSA) are fundamental subjects in computer science 
education and are widely applied in software development and modern computing systems. 
Concepts such as stacks, queues, and hash maps are commonly used in various applications. 
However, many students still experience difficulties in understanding DSA concepts because 
data structures are inherently abstract and dynamic, and students often struggle with 
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misconceptions and insufficient prerequisite programming knowledge [1]. To address these 
challenges, previous studies have explored visualization-based learning approaches that help 
students understand abstract data structures and algorithms more effectively [2].  

The development of educational games has become a promising approach to improve 
interactive learning experiences. Educational games can increase student engagement and 
motivation while enabling students to understand abstract concepts through interactive 
activities and visualizations. In recent years, game-based learning has been increasingly 
utilized in computer science education because it allows students to learn through direct 
interaction and problem-solving activities. Through interactive gameplay and visualizations, 
abstract concepts can be represented more clearly, helping students understand DSA 
concepts more effectively compared to conventional learning methods [3].  

To further understand the potential of educational games in computer science 
education, several studies have explored the implementation of educational games and 
gamification techniques in learning systems. Research on gamification shows that interactive 
learning environments can improve motivation and student participation [4]. Other studies 
also demonstrate that simulation-based learning can help students understand technical 
concepts more effectively through visualization and interaction [4]. However, many existing 
educational games in computer science primarily focus on programming concepts, problem-
solving activities, or individual data structures. Previous studies indicate that educational 
games related to data structures are still less common than those focusing on fundamental 
programming concepts, and existing games often concentrate on a single data structure, such 
as stacks [5], [6].  

Table 1 summarizes this gap by comparing Catch U Bro with related educational games 
and studies on data structures, based on data structure coverage, platform, and the specific 
limitations each leaves unaddressed. 

 
Table 1. Comparison of Catch U Bro with Related Educational Games and Studies 

Study Data Structures Platform / Context Gap Addressed by Catch U Bro 

Su et al. [3], 2021 Algorithms & 
data structures 
(general) 

Visualization-based 
teaching tool 

Focuses on visualization rather 
than a narrative-driven, multi-
structure investigation 

Rojas-Salazar [4], 
2022 

Data structures 
via analogies 

Analogy-based game-
based learning 
(thesis) 

Analogy-based rather than 
direct operational interaction 
(e.g., push/pop, 
enqueue/dequeue) 

Bedreski et al. [6], 
2025 (DELIMITER) 

Stack only Serious game 
(delimiter/bracket-
matching) 

Single data structure; not 
integrated with other 
structures 

Pratiwi & Setiawan 
[17], 2023 
(STANQUE) 

Stack, Queue Android application, 
separate modules 

Two structures taught as 
separate modules, not 
embedded in one cohesive 
scenario; no Hash Map 

https://www.zotero.org/google-docs/?4O5GhW
https://www.zotero.org/google-docs/?Y8jRTF
https://www.zotero.org/google-docs/?yMKi25
https://www.zotero.org/google-docs/?xOMESp
https://www.zotero.org/google-docs/?E2U3y6
https://www.zotero.org/google-docs/?q3WxtA
https://www.zotero.org/google-docs/?yu8R1Y
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Catch U Bro (this 
study) 

Stack, Queue, 
Hash Map 

Godot desktop 
application, detective 
investigation 
narrative 

Integrates three data structures 
into one cohesive gameplay 
loop with a unified narrative 
and consistent operation-based 
interaction 

 
Consequently, there is an opportunity to develop educational games that integrate 

multiple data structures as interconnected gameplay mechanics within a contextualized 
learning environment. This gap motivates the development of Catch U Bro, which incorporates 
stack, queue, and hash map concepts into a detective-based investigation scenario.  

To address these limitations, this study proposes Catch U Bro, an educational detective 
game designed to introduce DSA concepts through interactive investigation gameplay. 
Previous studies have shown that game-based learning approaches combined with interactive 
visualizations can support the learning of data structures and algorithms by increasing student 
engagement and helping learners understand abstract concepts more effectively [3]. In the 
game, players act as detectives who must identify suspects using information obtained from 
multiple data brokers, where each broker represents a different data structure. For example, 
document archives implement stack behavior using a Last In First Out (LIFO) mechanism, 
interview systems apply queue structures through a First In First Out (FIFO) process, and digital 
databases utilize hash maps for efficient data retrieval based on unique identities. Each broker 
provides distinct interaction mechanics, allowing players to experience contextualized 
implementations of data structures directly through gameplay and problem-solving activities. 
Educational games have also been shown to increase student engagement and support active 
learning within immersive learning environments [7]. 

The proposed game was developed as a desktop-based application using the Godot 
game engine with a data-driven investigation system and interactive broker-based mechanics. 
The main contribution of this research is the integration of multiple data structures into 
detective-style gameplay mechanics as an interactive learning medium for DSA. Unlike 
traditional educational systems that mainly focus on theory and coding exercises, this 
approach provides a practical simulation environment where players can learn data structures 
through exploration, investigation, and decision-making activities [8].  In the game, players 
interact with different information brokers representing stack, queue,and hash map 
structures to obtain clues and identify suspects. Unlike existing educational games that mainly 
focus on isolated visualization or coding exercises, Catch U Bro integrates multiple data 
structures as interconnected gameplay mechanics within a detective investigation scenario. 
Therefore, this study aims to provide an engaging alternative learning medium for DSA 
concepts that is designed to support students' understanding, logical thinking, and problem-
solving skills, consistent with findings from prior game-based learning research [9].   
 
2. RESEARCH METHOD 

2.1. Educational Game Design 
Catch U Bro was designed as an educational detective game that integrates data 

structure learning into an investigation-based gameplay experience. Educational games have 

https://www.zotero.org/google-docs/?tnVb7k
https://www.zotero.org/google-docs/?NHUCrx
https://www.zotero.org/google-docs/?ErLO3c
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been shown to provide active and engaging learning environments that support critical 
thinking, decision-making, and problem-solving through interactive gameplay [10], [11]. 

The game places players in the role of a newly appointed detective who is assigned to 
identify a criminal suspect using fragmented information obtained from multiple information 
brokers. The detective theme was selected to provide a contextual learning environment in 
which data structure concepts can be represented through investigation activities, 
exploration, and clue collection, allowing players to interact directly with learning mechanics 
while solving investigative challenges [11].  

Unlike conventional learning systems that introduce data structures through theoretical 
explanations or programming exercises, Catch U Bro employs a guided learning approach that 
combines narrative elements, tutorial dialogues, and interactive gameplay mechanics. 
Narrative-based game design has been recognized as an important component of digital 
game-based learning (DGBL) and may positively influence learner engagement, motivation, 
and learning outcomes [12]. Furthermore, game-based learning environments support 
experiential learning by allowing learners to acquire knowledge through active participation 
and learning-by-doing activities [13]. Before interacting with the main gameplay features, 
players are introduced to the game environment through a story-driven tutorial involving 
several non-playable characters (NPCs), including a senior detective, police officers, and 
information brokers. These characters provide explanations regarding the investigation 
process and the data structure concepts implemented within the game. 

The tutorial system gradually introduces the operations and behaviors of each data 
structure before players perform the corresponding actions. This design follows the principle 
that game tutorials are most effective when players receive guidance while being given 
opportunities to practice the introduced mechanics and obtain timely feedback [14], [15].  
Through dialogues and guided instructions, players learn how stack operations such as push(), 
pop(), and peek() are implemented through the Stack Broker mechanism, which follows a Last-
In First-Out (LIFO) information retrieval process. Similarly, queue operations such as 
enqueue() and dequeue() are introduced through the Queue Broker mechanism, where 
suspect information is processed according to a First-In First-Out (FIFO) sequence. In addition, 
the Hash Map Broker demonstrates direct information retrieval using suspect identification 
numbers as keys, reflecting the behavior of hash map data structures. After completing the 
tutorial phase, players interact directly with various broker systems to collect suspect 
information. Information considered relevant can be stored in a suspect list and later 
compared with official police records to determine the correct suspect. By combining 
narrative guidance, character-based explanations, and practical interaction, the game aims to 
reduce learning difficulties associated with abstract data structure concepts while maintaining 
player engagement throughout the investigation process. 

Figure 1 illustrates the overall gameplay flow of Catch U Bro. Players begin by completing 
the tutorial phase before interacting with information brokers representing different data 
structures. Information obtained from the brokers can be stored in the Suspect List through 
the Keep mechanism. Players may continue collecting additional information by revisiting the 
broker selection stage until sufficient evidence has been gathered. The collected suspect 
information is then used during the final investigation stage to identify the correct suspect. 

https://www.zotero.org/google-docs/?XtZCHv
https://www.zotero.org/google-docs/?01eljh
https://www.zotero.org/google-docs/?9qJ5dN
https://www.zotero.org/google-docs/?0bNLJO
https://www.zotero.org/google-docs/?HaVRWZ
https://www.zotero.org/google-docs/?Dn17Qr
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The game concludes with either a success or failure ending depending on the player's final 
decision.  

 
Figure 1. Investigation Flow of Catch U Bro 

Figure 1 illustrates the overall gameplay flow of Catch U Bro. Players begin by completing 
the tutorial phase before interacting with information brokers representing different data 
structures. Information obtained from the brokers can be stored in the Suspect List through 
the Keep mechanism and later used during the final investigation stage to identify the correct 
suspect. The game concludes with either a success or failure ending depending on the player's 
final decision.  

2.2 Data Structure Integration 
Catch U Bro integrates several data structures into its gameplay mechanics to help 

players understand their practical applications within a detective investigation scenario. Each 
data structure is represented through a different information broker and interaction system, 
allowing players to learn data structure operations while collecting clues and identifying 
suspects. 
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2.2.1. Stack Broker 
The Stack data structure is implemented through the Stack Broker, an information 

broker responsible for managing investigation documents. Investigation information is 
organized as a stack of document records, where the most recently added document is placed 
at the top of the collection. Players interact with the broker through three primary operations: 
peek(), pop(), and push(). The peek() operation allows players to inspect the top document 
without removing it from the stack. The pop() operation removes the top document and 
reveals the next document underneath. The push() operation allows players to request 
additional investigation information, which is then added to the top of the document stack. 
Through this mechanic, players directly experience the Last In First Out (LIFO) behavior of the 
Stack data structure while searching for investigation clues. The use of visual and interactive 
representations of data structures can support learners in understanding the behavior of data 
structures and related algorithmic concepts more effectively [16].  

2.2.2. Queue Broker 
The Queue data structure is implemented through the Witness Queue Broker. Both 

systems utilize the First In First Out (FIFO) principle but represent different forms of 
information processing. The Witness Queue Broker manages a queue of witnesses waiting to 
provide testimonies. Players can inspect the first witness using the peek() operation and 
remove a witness from the front of the queue using dequeue() after receiving the testimony. 
Additional witnesses may be added through the enqueue() operation. 

Through these mechanics, players learn how Queue structures process information 
sequentially according to the First In First Out (FIFO) principle, where the earliest inserted 
element is the first element to be processed or removed from the queue [17].  

2.2.3. Hash Map Broker 
The Hash Map data structure is implemented through the Hash Map Broker, a 

specialized information broker that provides direct access to a criminal database. Unlike the 
Stack and Queue brokers, which require sequential access to information, the Hash Map 
Broker performs direct searches using unique identification numbers. Players enter a suspect 
identification number obtained from previous clues into the search system. The identification 
number acts as a key, while the corresponding suspect profile stored in the database 
represents the value. After the search operation is executed, the system immediately retrieves 
the associated suspect information if a matching record exists. 

The search process produces two possible outcomes: FOUND when the identification 
number exists in the database and NOT FOUND when no matching record is available. This 
mechanic demonstrates how Hash Maps utilize key-value pairs to support efficient data 
retrieval without sequential searching. Information collected from the Stack, Queue, and Hash 
Map brokers can be stored by the player through the Keep mechanism and later reviewed in 
the Suspect List. The collected suspect information is then used during the final investigation 
stage, where players compare evidence and determine the most likely suspect. 

2.3 System Architecture 
The system architecture of Catch U Bro was designed using a scene-based architecture 

provided by the Godot Engine. The architecture integrates dialogue-driven tutorials, broker 

https://www.zotero.org/google-docs/?euEHqL
https://www.zotero.org/google-docs/?ERgEFt
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interaction systems, suspect management, and data-driven content management to support 
both gameplay and educational objectives. Consistent with modular software architecture 
principles, which organize system functionality into specialized and interconnected 
components, the system is divided into four primary components: the Dialogue System, 
Broker System, Suspect Management System, and Data Management System [18], [19].  

 
Figure 2. System Architecture of Catch U Bro 

2.3.1 Dialogue System 
The Dialogue System serves as the primary instructional component of the game. Before 

interacting with gameplay mechanics, players receive guidance through conversations with 
non-playable characters (NPCs), including Senior Bram, police officers, and information 
brokers. The dialogue content is stored separately in a structured JSON file and is dynamically 
loaded according to the current game state. A dedicated dialogue interface is responsible for 
displaying tutorial instructions and story progression throughout the game. This approach 
enables educational content to be delivered gradually before players interact with data 
structure mechanics. In addition, the game implements a progressive tutorial mechanism that 
tracks tutorial completion status. Tutorials are displayed only when required, preventing 
repetitive explanations while maintaining a smooth gameplay experience. 

2.3.2 Broker System 
The Broker System represents the core learning environment of Catch U Bro. Players 

obtain investigation clues by interacting with multiple brokers, where each broker represents 
a specific data structure implementation. The Stack Broker simulates document archive 
management using stack operations such as peek(), pop(), and push(). The Queue Broker 
implements witness and report processing using queue operations such as peek(), dequeue(), 
and enqueue(). The Hash Map Broker provides direct suspect information retrieval using 
unique identification numbers as search keys. Each broker is implemented as an independent 
game scene with its own interaction logic while sharing a common objective of providing 
information required for the investigation process. 

https://www.zotero.org/google-docs/?kTC8xC
https://www.zotero.org/google-docs/?xyRqL5
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2.3.3 Suspect Management System 
The Suspect Management System is responsible for storing and organizing suspect 

information collected throughout the investigation. During gameplay, players may decide to 
preserve important information using the Keep mechanism. Selected information is then 
stored and displayed in the Suspect List interface. 

The Suspect List functions as a centralized workspace where players review collected 
evidence and compare suspect profiles before making a final decision. This system supports 
investigative reasoning by allowing players to revisit previously obtained information at any 
time during the game. The final outcome of the investigation depends on the information 
accumulated within this system and the player's ability to identify the correct suspect based 
on available evidence. 

2.3.4 Data Management System 
Catch U Bro adopts a data-driven approach for managing game content. Core game 

information, including dialogue content, suspect profiles, criminal identification records, 
broker-related information, and investigation progress data, is stored in external JSON files 
and loaded dynamically during runtime. This approach separates game content from 
gameplay logic, allowing game data to be maintained and updated without modifying the core 
system implementation. 

The Data Management System provides information to other components of the 
game, including the Dialogue System, Broker System, and Suspect Management System. 
Whenever players interact with brokers, progress through tutorial dialogues, retrieve suspect 
information, or review collected evidence, the required data is obtained through this 
management system. By centralizing data storage and retrieval, the architecture supports 
both educational content delivery and detective-style gameplay while maintaining 
modularity, consistency, and ease of future development, which is consistent with data-
centered system integration approaches commonly used in game-based and learning-
oriented software architectures [20]. 

2.4 Development Method 
The development of Catch U Bro followed a software engineering process consisting of 

analysis, design, implementation, and testing activities. This process was adopted to 
systematically transform educational objectives and gameplay requirements into a functional 
educational game that integrates data structure concepts within a detective investigation 
scenario [21].  

2.4.1 Analysis 
The analysis stage focused on identifying learning difficulties associated with Data 

Structures and Algorithms (DSA) and determining suitable gameplay mechanics for 
educational purposes. Educational objectives were established to help players understand the 
practical implementation of Stack, Queue, and Hash Map structures through interactive 
investigation activities. During this stage, learning requirements, gameplay requirements, 
tutorial requirements, and suspect investigation workflows were identified. The analysis also 
defined the role of information brokers as learning agents responsible for introducing 
different data structure concepts. 

https://www.zotero.org/google-docs/?f4y7Oy
https://www.zotero.org/google-docs/?CbTDHh
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2.4.2 Design 
The design stage involved the development of tutorial dialogues, broker interaction 

mechanics, learning activities for Stack, Queue, and Hash Map concepts, the Suspect List 
system, and the overall user interface. These components were designed based on the 
investigation workflow defined during the analysis stage and served as the foundation for 
game implementation. 

2.4.3 Implementation 
During the implementation stage, several core components were developed, including 

the Dialogue System, Stack Broker System, Queue Broker System, Hash Map Broker System, 
Suspect Management System, and Data Management System. These components were 
implemented as independent scenes within the Godot Engine and connected through the 
scene management architecture. Game data, including dialogues, suspect information, and 
investigation content, were stored in external JSON files to support a data-driven architecture. 

2.4.4 Testing 
Black-Box testing was conducted to verify the correct execution of Stack, Queue, and 

Hash Map operations. The testing process also evaluated the storage and presentation of 
suspect information, dialogue progression, tutorial delivery, and scene transitions. The results 
confirmed that all major gameplay components operated according to their intended 
functionality. 

The evaluation in this study was limited to functional (black-box) testing of system 
components, as described above. No empirical assessment of learning outcomes, such as pre-
test/post-test measures or standardized usability instruments (e.g., SUS or UEQ), was 
conducted at this stage. This scope was chosen to first establish that the system functions as 
intended before proceeding to learning-outcome evaluation, which is identified as future 
work (see Section 4).  

3. RESULT AND DISCUSSION 

3.1 Game Implementation Results 
The implementation resulted in a fully functional educational game containing tutorial 

interactions, broker-based learning activities, suspect management, and investigation 
mechanics.  The game was developed using the Godot Engine and consists of several 
interconnected modules, including the Dialogue System, Broker System, Suspect 
Management System, and Data Management System. The Dialogue System provides tutorial 
guidance and narrative progression through conversations with non-playable characters 
(NPCs). Tutorial content is dynamically loaded from external JSON files and displayed 
according to the player's progress. To prevent repetitive explanations, tutorial completion 
status is recorded and checked before a dialogue sequence is displayed. The Broker System 
serves as the primary learning environment in which players interact with data structure 
implementations represented by different information brokers. Each broker is implemented 
as an independent game scene with its own interaction logic and educational objectives. 
Through these interactions, players collect suspect information required for the investigation 
process. 
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Figure 3. Main Gameplay Interface  

Information obtained from the brokers can be preserved using the Keep mechanism and 
stored in the Suspect List. The Suspect Management System allows players to review collected 
evidence and compare suspect profiles before making a final decision. The game concludes 
when the player identifies a suspect during the final investigation stage, resulting in either a 
success or failure ending depending on the correctness of the selected suspect. 

3.2 Data Structure Learning Implementation 

3.2.1 Stack Broker Results 
The Stack Broker was implemented as a document archive system that demonstrates 

the Last In First Out (LIFO) behavior of a stack data structure. Suspect information is 
represented as investigation documents arranged in a stack, where the most recently added 
document is positioned at the top of the collection. Players interact with the Stack Broker 
through three primary operations: peek(), pop(), and push(). The peek() operation allows 
players to inspect the document currently located at the top of the stack without removing it. 
The pop() operation removes the top document and exposes the next document beneath it. 
The push() operation adds a new document containing additional suspect information to the 
top of the stack. Through these interactions, players directly observe how stack structures 
process information according to the LIFO principle. 

 
Figure 4. Stack Broker Interface  
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The implementation successfully transforms abstract stack operations into a visual 
investigation activity, enabling players to learn data structure behavior while collecting 
evidence related to criminal suspects. 

3.2.2 Queue Broker Results 
The Queue Broker was implemented as a witness-processing system that follows the 

First In First Out (FIFO) principle. Suspect information is obtained from a sequence of 
witnesses arranged in a queue, where the first witness entering the queue is always processed 
first. Players can inspect the witness at the front of the queue through the peek() operation 
before deciding whether to keep the information. After the information has been processed, 
the dequeue() operation removes the witness from the front of the queue. Additional 
witnesses may be added to the rear of the queue through the enqueue() operation, allowing 
the queue to continue processing information in sequential order. 

 
Figure 5. Queue Broker Interface   

The broker visually displays front and rear positions within the queue, helping players 
understand how queue structures organize and process data. This implementation provides a 
practical demonstration of FIFO behavior within the context of an investigation workflow. 

3.2.3 Hash Map Broker Results 
The Hash Map Broker was implemented as a suspect database search system. Unlike the 

Stack Broker and Queue Broker, which require sequential access to information, the Hash Map 
Broker enables direct retrieval of suspect records using identification numbers. Players enter 
a suspect identification number obtained from previous clues into the search system. The 
identification number acts as a key, while the corresponding suspect profile stored in the 
database represents the value. Hash Maps are widely used for efficient data storage and 
retrieval, allowing information to be accessed directly through a key-value mapping rather 
than sequential searching [22].  
 

https://www.zotero.org/google-docs/?PYLI5F
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Figure 6. Hash Map Broker Interface   

The implementation demonstrates how hash maps utilize key-value relationships to 
support efficient data retrieval. By associating identification numbers with suspect records, 
players experience direct access to information without traversing multiple entries 
sequentially. The information collected from the Stack Broker, Queue Broker, and Hash Map 
Broker can be stored through the Keep mechanism and transferred to the Suspect List. This 
integration allows educational interactions involving different data structures to contribute 
directly to the investigation process. 

3.3 Investigation Gameplay Results 
The gameplay of Catch U Bro follows an investigation-oriented learning process in which 

players progressively gather evidence before identifying a criminal suspect. The investigation 
begins with a tutorial phase that introduces gameplay mechanics, learning objectives, and 
data structure concepts through narrative dialogues. After completing the tutorial, players 
interact with the available information brokers. Each broker provides suspect information 
through a different data structure implementation. During the investigation, players may 
choose to preserve important information using the Keep mechanism. Stored information is 
then transferred to the Suspect List, where collected evidence can be reviewed and compared. 
The investigation process continues until players determine that sufficient evidence has been 
gathered. At this stage, players proceed to the final investigation phase and select the suspect 
considered most likely to be responsible for the crime. The selected suspect is then verified 
against the predefined solution stored within the game. 

The gameplay produces two possible outcomes. If the selected suspect matches the 
correct criminal record, the player receives a success ending. Otherwise, a failure ending is 
displayed. This investigation workflow integrates educational content with gameplay 
progression by requiring players to repeatedly apply data structure operations while collecting 
and evaluating evidence. 

3.4 Educational Contribution 
The discussion in this section reflects the design rationale underlying Catch U Bro, 

informed by findings from prior game-based learning literature. As the evaluation in this study 
was limited to functional testing (Section 3.5), the following points describe the intended 
educational mechanisms of the system rather than empirically confirmed learning outcomes 
for this specific implementation.  
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Catch U Bro demonstrates how fundamental data structure concepts can be integrated 
into an interactive investigation-based learning environment [23], [24]. Rather than 
presenting Stack, Queue, and Hash Map concepts through conventional lectures or 
programming exercises, the game introduces these structures as gameplay mechanics that 
directly support the investigation process [23], [24]. 

Each broker represents a different data structure and requires players to interact with 
its operations while collecting suspect information. The Stack Broker introduces Last In First 
Out (LIFO) behavior through document archive management, the Queue Broker demonstrates 
First In First Out (FIFO) processing through witness information handling, and the Hash Map 
Broker provides direct information retrieval using identification numbers as search keys. This 
design is intended to help players learn data structure behavior through practical interaction 
rather than memorizing theoretical definitions alone [25], [26]. 

The integration of data structure operations into gameplay also supports contextual 
learning [25], [27]. Information obtained from the brokers contributes directly to the 
investigation objective, allowing educational activities to remain connected to meaningful 
gameplay tasks [25], [28]. Players repeatedly apply data structure concepts while searching 
for evidence, organizing suspect information, and making investigative decisions. 

In addition, the narrative-driven tutorial system helps reduce the complexity often 
associated with introductory data structure learning [26], [29]. Educational content is 
delivered gradually through dialogues and guided interactions before players perform the 
corresponding operations independently [25], [26]. This approach is intended to enable 
learners to understand both the purpose and practical usage of each data structure within a 
problem-solving context.  

The implementation of Catch U Bro demonstrates the potential of educational game 
mechanics to transform abstract data structure concepts into interactive learning experiences 
[23], [28], [30]. By combining narrative guidance, investigation activities, and data structure 
operations within a single environment, Catch U Bro provides an alternative approach for 
introducing fundamental Data Structures and Algorithms concepts to beginner learners. 

3.5 Functional Testing Results  
Functional testing was conducted to verify that the main gameplay components of Catch 

U Bro operated according to their intended functionality. The testing process focused on 
validating dialogue delivery, data structure operations, suspect information management, and 
final investigation mechanisms. Each component was tested through predefined gameplay 
scenarios and evaluated based on whether the expected behavior was successfully executed.  

Table 2. Functional Testing Results  

Component  Test Scenario Result  

Dialogue System  Display tutorial dialogues and story progression  Pass 
Stack Broker  Execute push(), pop(), and peek() operations  Pass 

Queue Broker  
Execute enqueue(), dequeue(), and peek() 
operations  

Pass 

Hash Map Broker  
Search suspect information using identification 
number  

Pass 

https://www.zotero.org/google-docs/?IZUaJ2
https://www.zotero.org/google-docs/?ada6Wd
https://www.zotero.org/google-docs/?CKqyXO
https://www.zotero.org/google-docs/?LkQIHt
https://www.zotero.org/google-docs/?WjnO2r
https://www.zotero.org/google-docs/?pq7HXo
https://www.zotero.org/google-docs/?nrE1tI
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Suspect List  Store and display selected suspect information  Pass 

Data Management System  Load dialogue and suspect data from JSON files  Pass 
Scene Navigation  Transition between game scenes correctly  Pass 

Final Investigation  
Verify selected suspect and display ending 
result  

Pass 

 
The testing results indicate that all major components operated successfully during 

gameplay. Dialogue content was displayed correctly, broker systems executed their respective 
data structure operations as expected, and suspect information was properly stored and 
retrieved throughout the investigation process. In addition, scene transitions and final suspect 
verification functions performed without errors. These results confirm that the implemented 
systems support the intended educational and gameplay objectives of Catch U Bro. 

  
4. CONCLUSION AND RECOMMENDATIONS 

This study presented Catch U Bro, an educational detective game designed to introduce 
Data Structures and Algorithms (DSA) concepts through interactive investigation-based 
gameplay. The game integrates multiple data structures, including Stack, Queue, and Hash 
Map, into detective-themed information broker systems that require players to interact with 
data according to the behavior of each structure. The system was successfully developed using 
the Godot Engine with a modular architecture consisting of the Dialogue System, Broker 
System, Suspect Management System, and Data Management System. 

The implementation results demonstrate that data structure operations can be 
effectively transformed into meaningful gameplay mechanics. The Stack Broker successfully 
represents Last In First Out (LIFO) behavior through document archive management, the 
Queue Broker demonstrates First In First Out (FIFO) processing through witness and report 
handling, and the Hash Map Broker enables direct information retrieval using identification 
numbers as keys. These mechanics are designed to allow players to learn data structure 
concepts through practical interaction rather than relying solely on theoretical explanations, 
though this learning effect has not yet been empirically measured. The investigation workflow, 
supported by narrative tutorials and evidence collection activities, also provides a contextual 
learning environment that encourages logical thinking and problem-solving skills. 

Overall, the implementation demonstrates that the objectives stated in the introduction 
were achieved. Catch U Bro successfully integrates multiple data structures into a single 
educational game environment while providing an engaging alternative learning medium for 
introductory DSA education. The game demonstrates the potential of game-based learning 
approaches to improve learners’ understanding of abstract computer science concepts 
through interactive and contextualized experiences. 

For future work, a priority is to conduct controlled experimental evaluations involving 
students, using instruments such as pre-test/post-test assessments and standardized usability 
questionnaires (e.g., SUS or UEQ), to empirically measure learning effectiveness, engagement, 
and knowledge retention compared with conventional teaching methods. In addition, the 
scope of the game could be expanded to incorporate additional data structures such as trees, 
graphs, linked lists, and heaps, and adaptive learning features or performance analytics could 
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be implemented to support personalized learning experiences. Such developments would 
strengthen the educational value of Catch U Bro and support its application as a 
complementary learning tool in computer science education. 
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