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Abstract

Teaching sorting algorithms to children presents a unique educational challenge, as these concepts
can often seem abstract and complex. To address this, we identified the need for an engaging,
hands-on approach to make learning enjoyable and effective. We developed a browser-based card
game that simulates sorting algorithms, including Bubble Sort, Insertion Sort and Selection Sort,
allowing children to explore and interactively learn these algorithms through gameplay. Built
using the Vue.js framework alongside HTML, CSS and JavaScript, the game ensures compatibility
with modern web browsers and provides a responsive user experience. By combining education
with entertainment, this project simplifies complex sorting algorithms and makes them accessible
to young learners. This work demonstrates the potential of gamified learning within computer
science education and serves as a foundation for future tools aimed at simplifying other complex
topics for a younger audience.

Kurzfassung

Das Vermitteln von Sortieralgorithmen an Kinder stellt eine besondere pädagogische Heraus-
forderung dar, da diese Konzepte oft abstrakt und komplex wirken. Um dem entgegenzuwirken,
entwickelten wir ein browserbasiertes Kartenspiel, das Sortieralgorithmen wie Bubble Sort, In-
sertion Sort und Selection Sort simuliert. So können Kinder spielerisch und interaktiv die Funk-
tionsweise dieser Algorithmen erkunden und verstehen. Das Spiel wurde mithilfe des Vue.js-
Frameworks sowie HTML, CSS und JavaScript entwickelt und gewährleistet eine benutzerfre-
undliche und mit modernen Webbrowsern kompatible Oberfläche. Durch die Kombination aus
Wissensvermittlung und spielerischer Interaktion macht das Projekt komplexe Algorithmen für
junge Lernende verständlich und zugänglich. Diese Arbeit zeigt, wie spielerische Ansätze im
Bereich der Computerwissenschaften genutzt werden können und schafft eine Basis für weitere
Lernwerkzeuge, die komplexe Themen für junge Zielgruppen verständlich machen.
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1 Introduction

Teaching fundamental concepts in computer science to young learners requires innovative and
engaging methods. The Institute for System Software at the Johannes Kepler University is
conducting workshops to introduce children to key topics in the field. In line with these efforts,
the goal of this project was to develop an interactive and educational browser-based card game
that effectively teaches sorting algorithms to kids. We designed the game to offer a variety of
customizable settings to suit players’ skill levels. Players can choose the sorting algorithm they
wish to practice, select the type of cards - whether numbers or letters - and decide on the number
of cards they want to play with. The game’s mechanics simulate the steps of different sorting
algorithms, allowing players to flip two cards at a time, decide whether to swap them, and receive
hints if they make incorrect choices.

Sorting algorithms are a fundamental topic within computer science, providing a basis for
understanding more complex data structures and algorithms. Traditional teaching methods, such
as lectures, videos or textual explanations, often fail to capture the interest of young learners.
Therefore, a more dynamic and playful approach was necessary to make the learning process
both enjoyable and effective. To address these challenges, we developed a solution in the form
of a card-based game that visualizes and demonstrates sorting algorithms, such as Bubble Sort,
Selection Sort and Insertion Sort. Additionally, it includes a "Free Mode" where players can
explore the game mechanics, experiment with different sorting strategies, or practice sorting in
any order they choose. By allowing participants to actively engage with the sorting process and
observe outcomes in real time, the game fosters a deeper understanding of the efficiency and
behavior of sorting algorithms.

We developed the game using the Vue Framework, a progressive JavaScript framework, along
with HTML, CSS and JavaScript to ensure compatibility with modern web browsers and provide
a responsive user experience. The game’s simple design requires minimal instruction, making it
accessible to a wide audience, including those without prior knowledge of sorting algorithms. By
offering a hands-on experience, the game not only introduces sorting algorithm mechanics but
also fosters curiosity in computer science, encouraging further exploration. This project blends
educational content with a user-friendly interface, making sorting algorithms accessible and en-
gaging for children. Emphasizing interactivity and simplicity, the game provides an effective,
enjoyable learning experience that aligns with the Institute for System Software’s mission to
inspire and educate young learners in the field of computer science.

The remainder of this thesis is structured as follows: Section 2 covers the theoretical background
of sorting algorithms. Section 3 provides an overview of the project’s design and objectives.
Section 4 outlines the core technologies used in the project. Section 5 details the core game
mechanics and functionalities, while Section 6 explains the interactive Game Board and visual
feedback. Section 7 explores the role of statistics in tracking player performance. Section 8
provides a step-by-step gameplay walkthrough. Section 9 compares similar educational tools to
the game. Section 10 reflects on key lessons learned during development. Section 11 identifies
limitations and future work. Section 12 summarizes the project’s achievements and potential for
further development.

1



2 Background

To provide a clearer understanding of this project, we begin by exploring the three sorting algo-
rithms featured in the game. Each algorithm will be broken down into a step-by-step explanation,
accompanied by illustrations to help visualize the process. This approach is designed not only to
clarify the algorithms but also to refresh the reader’s knowledge of their core mechanics and rele-
vance in computer science education. The explanations aim to make these algorithms accessible
to a wider audience, especially those new to the concepts. Following the discussion of the algo-
rithms, we will delve into the technical choices behind the development of the game, particularly
the selection of the JavaScript framework Vue. This decision was driven by Vue’s flexibility and
ease of integration with interactive applications. We’ll show a clear example of how Vue is used
in the game to handle key tasks like player interactions, updating information in real-time, and
managing the game logic. This makes development easier while keeping the interface simple and
responsive for users. This combination of algorithmic explanation and technical insight provides
the foundation for understanding both the educational and developmental aspects of the project.
Through this approach, the project aims to bridge the gap between abstract theory and practical
application.

2.1 Algorithms

What exactly is an algorithm? While this may seem like a straightforward question, the answer
is complex due to the variety of perspectives and definitions surrounding it. In the research paper
"What an Algorithm Is," R.K. Hill provides one such definition: "An algorithm is a finite, ab-
stract, effective, compound control structure, imperatively given, accomplishing a given purpose
under given provisions" [1]. Put simply, this means that an algorithm is a precise, step-by-step
set of instructions designed to solve a specific problem or complete a task efficiently. In computer
science, algorithms come in various forms, including searching algorithms, divide-and-conquer
strategies, recursive methods, brute force techniques and many more. These diverse types of al-
gorithms are essential for addressing a wide range of computational problems, such as processing
data, making decisions and executing actions in a logical sequence. They can be simple, such as
sorting a list of numbers, or complex, like finding the shortest path in a network.

This project focuses on three specific sorting algorithms. Within the game, players have the
opportunity to practice and explore Bubble Sort, Insertion Sort and Selection Sort. The follow-
ing subsections will explain how these sorting algorithms function, accompanied by illustrative
examples where the elements are ordered in ascending order. In the figures, each tile is labeled
with both a name (A, B, C, D) and a value (1, 2, 3, 4). The tiles are color-coded to reflect the
sorting process: blue tiles indicate that those elements are currently being compared, while green
tiles signify that an element has been correctly sorted. Solid arrows between tiles show that a
swap will occurr, while dashed arrows indicate that the elements are compared but remain in
their current positions without being swapped. Each figure corresponds to a single pass of the
respective sorting algorithm, offering a visual representation of how the algorithm processes and
sorts the elements step by step.
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2.1.1 Bubble Sort

Bubble Sort’s simplicity makes this algorithm easy to understand and implement, making it a
common choice for educational purposes. However, despite its simplicity, Bubble Sort is highly
inefficient for large datasets. Because of this limitation, other more efficient sorting algorithms
were also selected and implemented in the project to offer a broader understanding of sorting
techniques. In Figure 1, we illustrate how the Bubble Sort algorithm works. The core concept
involves repeatedly 1 comparing two adjacent elements of a array, A and B. If the value of one
element (B) is greater than the value of another element (C), 2 the two elements are swapped.
If not, 3 the comparison moves to the next pair, in this case B and C. This process continues
from the start to the end of the array, after which the algorithm starts again from the beginning.
Through this method, with each iteration moving the largest unsorted element to its correct
position at the end of the unsorted array 4 , much like a bubble rising to the surface.

Figure 1: One pass of Bubble Sort algorithm step by step.

2.1.2 Insertion Sort

The Insertion Sort is similar to Bubble Sort, but with a key difference in its approach. In Fig-
ure 2 we consider a list of four elements: A, B, C and D. The algorithm begins by comparing
the first element (A) with the second (B). If B is greater than A, 1 they remain in place. The
algorithm then moves to the next element, C, and compares it with B. If C is smaller than B,
2 they are swapped, resulting in 3 the list A, C, B, D. However, Insertion Sort doesn’t stop

there, it continues to check if element C is smaller than element A or not. If C is smaller than
A, 4 it is swapped with A as well, 5 placing C in its correct position. The list is now sorted
as C, A, B, D.
The process continues with each subsequent element. For instance, 6 the next comparison
would be between B and D. If D is greater, no swap is needed, and the algorithm moves on. The
core idea of Insertion Sort is to "insert" each element into its correct position within the already
sorted elements of the list. This method ensures that, with each iteration, the sorted portion of
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the list grows until the entire list is ordered. The name "Insertion Sort" derives from this process
of finding and inserting elements into their correct positions.

Figure 2: One pass of Insertion Sort algorithm step by step.

2.1.3 Selection Sort

The final algorithm implemented in this project is Selection Sort and is illustrated in Figure 3.
This algorithm operates by repeatedly selecting the smallest element from the unsorted portion
of the list and swapping it with the first unsorted element. To achieve this, two pointers are
used: a "smallest-element-pointer", represented by a green arrow in Figure 3, and a "current-
element-pointer", shown as a red arrow.
Consider a list of four elements: A, B, C, and D. The algorithm starts by 1 comparing the
first two elements, A and B. If A is smaller than B, 2 the smallest element pointer is set to
A, while 3 B becomes the current element. The current element pointer consistently indicates
the next card to be compared with the smallest element in the sequence. The algorithm then
continues by 4 moving the current element pointer to C and later D, comparing each with the
smallest element identified so far in the list. If one of the elements in the unsorted portion of
the list, in this case C or D, is smaller than the currently smallest element detected, the smallest
element pointer is updated accordingly. We can see this in the Figure 3 at 5 , where C is now
the smallest element and the current element pointer is moved to D. Once the smallest element
in the entire list is found, 6 it is swapped with the first element, in this example tile A, 7
placing the smallest element in its correct position at the start of the list.
The algorithm then repeats this process for the remaining unsorted elements. It searches for the
smallest element in the unsorted portion of the list and swaps it with the next unsorted position.
By the end of this process, the list is fully sorted, with the smallest elements progressively placed
in order.
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Figure 3: One pass of Selection Sort algorithm step by step.

3 Overview

This chapter provides a high-level overview of the game’s structure to clarify its operation and
organization. The game consists of three main components: the Settings Pane, the Game Board
with the Message Box and the Statistics Pane. Together, these elements create an engaging and
interactive learning environment, allowing players to customize their experience, practice sorting
algorithms and track their progress in real time.
Following an outline of the game’s general layout, this chapter also introduces the Game Flow,
describing how players engage with the sorting algorithms during gameplay. This breakdown
provides insight into the game’s organization and helps illustrate its educational approach.

3.1 Components

The three core components of the game each play a unique role in the interactive experience.
The Settings Pane offers customization, the Game Board with the Message Box provides hands-
on sorting practice and shows guidance during play, and the Statistics Pane offers real-time
performance feedback. Together, these components integrate seamlessly to guide players through
the game’s learning objectives. As illustrated in Figure 4, the Settings Pane 1 is positioned
on the left side of the screen, set against a turquoise background. Opposite it, on the right side,
is 2 the Statistics Pane, providing real-time feedback. At the center of the interface is 3
the Game Board, featuring a blue background with 4 the rounded Message Box at the top,
where the primary interactions occur. In the following subsections, we describe each component
in detail, highlighting its purpose, key features and how it interacts with the other components
to deliver a cohesive gaming experience. This breakdown offers insight into the core elements of
the game and their role in the overall functionality.
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Figure 4: Overview of the interface.

3.1.1 Settings Pane

The Settings Pane allows players to configure various gameplay options, including the algorithm,
card type, number of cards and card range. This four customization options are each accessible
via a dropdown menu beside the respective setting label. These settings determine the initial
conditions and impact how the Game Board behaves during play. Below are the key configura-
tion options available to players.

The first option is the Algorithm dropdown, which offers four choices. The default option is
Free Mode, where players can freely explore the Game Board without restrictions. This mode
is perfect for practicing the mechanics of the game and understanding its core features before
attempting guided modes. In addition to Free Mode, players can choose from three guided
sorting algorithms: Bubble Sort, Selection Sort and Insertion Sort. Next, players can select the
card type, which provides a choice between sorting numbers or letters. This feature adds variety
to the gameplay, as different types of elements can be sorted based on the player’s preference.
Additionally, players can decide on the number of cards, ranging from 5 to 15, to better match
their skill level. This setting directly impacts the size and complexity of the game, as more cards
lead to more comparisons and interactions during the sorting process.
For example, if a player selects Bubble Sort from the Algorithm dropdown, chooses letters as the
card type and sets the number of cards to 7, as in Figure 5, the game will generate a sequence of
7 letters (A, B, C, D, E, F, G). The player then applies the chosen algorithm to sort the mixed
cards containing the letters, as illustrated in Figure 6, which displays the Game Board.

Figure 5: Settings Pane with chosen Settings.
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Finally, the last setting is called Full Range. If the player selects the same settings as in the
previous example but enables Full Range, the game will generate 7 randomly chosen letters from
the entire alphabet, rather than just the default sequence (A to G). The resulting Game Board,
with Full Range enabled, is shown in Figure 7. This setting adds variety by allowing the player
to work with a broader range of letters.

Figure 6: Game Board with Cards containing
settings from Figure 5.

Figure 7: Game Board with Cards containing
settings with Full Range.

Each of these settings directly influences how the Game Board behaves. Once the player has
selected their desired configurations, they can begin interacting with the Game Board, which we
will discuss in the following section.

3.1.2 Game Board

The Game Board is the primary interaction area where players engage with the sorting algo-
rithms. Its visual layout is designed to accommodate the number of cards selected in the Settings
Pane, with cards initially displayed face down and aligned in a grid format. The layout dynam-
ically adjusts based on the number of cards chosen, ensuring a clear and accessible view of all
elements. The Game Board serves as the key interface for implementing the sorting algorithms.
Players can either follow the guided game flow, which leads them step by step through the se-
lected algorithm, or choose a more exploratory approach, where they can freely interact with
the cards and test different sorting strategies. This flexibility makes the game suitable for both
learning and experimentation.

The Message Box provides significant feedback, offering hints, instructions and notifications
based on the player’s actions. This helps guide the player through the sorting process, ensuring
that they understand each step of the algorithm they are working with. Additionally, the Mes-
sage Box displays success notifications and celebratory effects, such as confetti, when the player
successfully completes the sorting task, further enhancing the game’s interactive and rewarding
experience.

Features of the Game Board Players can interact with the cards by flipping them to reveal
their values, comparing adjacent cards and performing necessary swaps based on the algorithm’s
requirements. The sorting process unfolds through these interactions as players make strategic
decisions, progressing step by step through the algorithm. Each sorting algorithm brings unique
gameplay mechanics.
In Selection Sort, players use a Pin feature to symbolize the "smallest element" pointer as shown
in Figure 8 1 , to lock in the smallest value after each pass through the array. This feature
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helps visualize the algorithm’s process of identifying and placing the smallest element in each
iteration. When Insertion Sort is selected, a small orange circle appears above the current card
being examined. Looking at the illustration in Figure 9 we can see, that this 1 circle advances
with each new card revealed, indicating which card was last opened. This guiding marker is
essential for tracking progress and ensuring that the player keeps track of where to open the next
card after inserting a card in the sorted portion of the array.
Once cards are sorted correctly, players can use a 2 Checkmark feature to confirm their choices,
marking the cards as sorted as seen in Figure 8. Together, these features make the Game Board
the central and most interactive part of the application, allowing users to actively engage with
and deepen their understanding of sorting algorithms through hands-on gameplay.

Figure 8: Game Board with Pin and Check-
mark feature.

Figure 9: Game Board with Insertion Sort’s
"last opened card" marker.

3.1.3 Statistics Pane

The Statistics Pane serves as a performance tracker, giving players immediate feedback on their
actions throughout the game. As shown in Figure 10, this pane is designed to display a range
of key metrics that enable players to monitor their progress effectively and gain insights into
their card-sorting efficiency. By offering real-time data, the Statistics Pane helps players identify
patterns in their gameplay and make informed decisions to enhance their strategies. This key
statistics include:

• The number of flipped cards 1 tracks how many times cards have been turned over during
the game.

• The number of swaps 2 records the total swaps performed, offering insight into the
player’s decision-making process.

• The count of mistakes 3 monitors incorrect moves, such as unnecessary swaps or incorrect
placements, helping players learn from their mistakes.

Every time a player flips a card, performs a swap or makes a mistake, the corresponding counter in
the Statistics Pane flashes, providing instant visual feedback. This real-time response ensures that
players stay aware of their actions and the impact they have on their performance. Additionally,
the Statistics Pane includes a 4 reset button, allowing players to restart the game at any time
without changing their current settings. When hovered over, it turns green. Upon clicking, all
cards are reset to their closed state, the player’s statistics are reset to zero and the symbol briefly
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flashes white, what reassures the player that their action has been registered. This feature is
useful for players who want to try again with the same configuration or improve their sorting
technique. Overall, the combination of these features creates a more engaging and interactive
experience, encouraging players to refine their skills and enhance their understanding of sorting
algorithms. With an understanding of the individual components, we now explore how they
come together during gameplay in the Game Flow.

Figure 10: Statistics Pane.

3.2 Game Flow

The game flow outlines the player’s journey, from configuring initial settings to completing the
sorting task. The game is designed to be intuitive and user friendly, guiding players through each
step while reinforcing their understanding of sorting algorithms. Upon launching the game, the
player first interacts with the Settings Pane to configure their preferred algorithm, card type,
number of cards and whether to use the Full Range of values. Once these settings are selected,
the chosen algorithm is applied and the player proceeds to the Game Board, where the main
interaction occurs.
At the Game Board the cards are laid out face down and the player interacts by flipping cards,
comparing their values and making swaps according to the selected sorting algorithm. Each
algorithm’s logic is simplified and visualized through animations, ensuring that complex sorting
concepts are broken down into understandable actions. During the gameplay, the Message Box
provides hints if the player makes a wrong choice, while the Statistics Pane allows them to track
their performance throughout the game. As cards are flipped, swapped or mistakes are made,
the corresponding counters are updated and flashed to provide real-time visual feedback. This
allows players to adjust their strategies and learn from their actions as they progress through the
sorting process. Upon successfully sorting the cards and completing the algorithm, players are
rewarded with a celebratory "You won!" message and confetti, reinforcing the learning outcome
in a positive and memorable way. If players wish to restart the game without altering the set-
tings, they can use the reset button in the Statistics Pane. This clears the current game state,
resets the statistics and flips all cards back to their original face-down position, giving players
the chance to retry the same scenario or refine their technique.

The game flow is designed to make learning sorting algorithms intuitive, interactive, and
enjoyable. By combining guided instructions, real-time feedback and flexible gameplay options,
players can engage with the algorithms in a structured yet fun way. This approach ensures
a smooth learning experience, allowing players to not only gain a clear understanding of how
sorting algorithms function but also enjoy the process along the way.
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4 Technological Foundations

The development of the sorting game relies on a range of modern web technologies that facilitate
the creation of a dynamic, interactive and user-friendly experience. This chapter introduces the
primary tools and frameworks used in the project, focusing on how each contributes to achieving
its goals. The key technologies include the Vue.js framework, the Pinia state management library,
and the Vuetify UI framework. Together, they ensure that the application remains modular,
maintainable, and visually appealing.

4.1 The Vue Framework

Vue.js is a popular JavaScript framework that builds on HTML, CSS and JavaScript. Known
for its simplicity and ease of use, making it an excellent choice for projects where clarity and
maintainability are key. One of Vue’s most powerful features is its reactivity system, which au-
tomatically updates the user interface (UI) when the underlying data changes. This reactivity
simplifies development by reducing the need for manual updates to the DOM (Document Object
Model), which represents the structure of the webpage. As a result, developers can focus more
on the application logic instead of handling the complexities of UI updates. In the context of
the sorting game, Vue’s reactivity is particularly beneficial, as it ensures that gameplay events,
such as card swaps or sorting confirmations, are instantly reflected on the screen. This creates a
smooth and dynamic user experience by adapting to the player’s actions in real time.

To illustrate Vue’s simplicity, consider the data-binding example at Listing 1. With just a
few lines of code, you can seamlessly bind data to the UI. In Listing 1 we see a simple Vue.js
component structured using template and script tags, which are common in Vue’s single file
components (SFC). In the template section, the input field on line 2 is bound to the message
property using the v-model directive. This creates two way data binding, meaning that when
the user types something into the input field, the message property is updated automatically
in real-time. On line 3, the updated value of message is displayed within the paragraph tag
using the "{{ message }}" mustache syntax. This ensures that any change in the input field
is immediately reflected in the paragraph. The message property itself is defined in the data()
function within the script tag section on line 9. Initially, it is set to "Hello World!", demon-
strating how easily data binding can be implemented in Vue. While Vue’s reactivity forms the
foundation for creating a responsive user interface, managing complex application state across
multiple components requires a more robust solution. This is where Pinia, Vue’s modern state
management library, becomes essential.
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1 <template >
2 <input v-model="message">
3 <p>{{ message }}</p>
4 </template >
5 <script >
6 export default {
7 data() {
8 return {
9 message: "Hello World!"

10 };
11 }
12 }
13 </script >

Listing 1: Two-way data binding in Vue.js

4.2 State Management with Pinia

Efficient state management is essential for interactive applications like the sorting game. State
management allows data and logic to be shared and synchronized across components, ensuring
smooth and responsive user interactions. In this project, we used Pinia, a modern state man-
agement library designed specifically for Vue.js. Pinia offers a reactive store that centralizes
the application’s state and actions, ensuring real-time updates to the UI when data changes.
One of the challenges in building a game like the sorting game is managing the game’s state,
including the card deck, the player’s actions, and the sorting progress. Without a centralized
state management system, tracking these elements would become complex and prone to errors.
Pinia addressed this by offering a reactive store, enabling all components to access and update
the state without directly manipulating the UI. For instance, Pinia tracked the status of each
card, whether sorted or unsorted, and updated the user interface accordingly.

Pinia’s modularity allowed us to separate the game’s logic into manageable pieces. We created
individual stores for specific aspects, such as the game settings and the game state. This structure
improved code maintainability and scalability. Pinia’s integration with Vue.js allowed for a clean,
streamlined architecture, reducing code duplication and state inconsistencies. As a result, we
could focus more on gameplay features, contributing to a dynamic and immersive experience for
the player. With a solid architecture for state management, we turned our attention to designing
a user interface that is both functional and visually appealing using Vuetify and Material Design
Icons.
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4.3 Vuetify and Material Design Icons

Additionally, we utilized Vuetify, a powerful Vue component framework, to simplify the de-
velopment of responsive and visually appealing components throughout the project. Vuetify’s
integration with Material Design guidelines allowed us to create a polished and modern user in-
terface with minimal effort, particularly in terms of layout, styling and interactivity. To further
enhance the user experience, we incorporated Material Design Icons (MDI), providing a wide
range of symbols and icons to enrich the game’s interface. For instance in Figure 11 at 1 ,
we used the mdi-reload icon to represent actions such as resetting or refreshing the game state.
While this icon was not heavily customized in terms of styling, Vuetify’s straightforward syntax
made it easy to include and adapt the icon to match the overall design. A simple use of the
reload icon, rendered through Vuetify, contributed to maintaining a clean and consistent visual
language throughout the user interface.

In addition to icons, we leveraged Vuetify’s pre-built components to enhance the functionality
and aesthetics of the game. One such example is the use of the v-chip component, highlighted
in Figure 11 at 2 , with its oval-shaped light green background. This component offered an
elegant solution for displaying compact elements such as tags, labels, or status indicators. The
v-chip’s flexibility allowed for easy customization, such as modifying colors or sizes like we did
in in our project’s statistic pane. By using Vuetify’s rich library of components alongside MDI,
we were able to minimize the complexity of the design process while maintaining a professional
and responsive user interface. By leveraging these tools, we ensured that the user interface not
only looked polished but also supported the interactive features critical to the game. With the
foundation of the interface established, we now turn to the mechanics and functionalities that
define the gameplay experience.

Figure 11: MDI-reload icon and Vuetify v-chip component.
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5 Game Mechanics and Functionalities

In this section, we explore the essential components that shape the gameplay experience, with a
focus on the mechanics and interactive features that drive the game. We will start by outlining the
game rules that govern player interactions, providing a detailed explanation of the basic gameplay
mechanics as well as the algorithm-specific regulations. This will be followed by an examination
of the step-by-step guidance logic that directs the player throughout the gameplay, including a
discussion of the special state changes a player can invoke within the guidance framework. Both
sections will be complemented by illustrative examples to enhance understanding. Finally, we
will review the settings, which outline the user interface elements and interactive features that
enhance usability. This breakdown provides a clear understanding of how the game functions
internally and how it guides the player through the sorting algorithms.

5.1 Game Rules

The game’s objective is to successfully sort the cards according to the selected algorithm, fol-
lowing a set of specific rules and constraints that guide the player through the sorting process.
Below, we outline the key rules that players must adhere to, in order to complete the game
successfully, whether they choose a guided mode or "Free Mode".

Basic Gameplay Players flip two cards at a time. Once the cards are revealed, players can
decide whether to swap them or move on, based on the specific algorithm’s logic.
In Free Mode, players have the freedom to explore the game’s sorting mechanics without needing
to follow strict guidelines. While they can still flip, compare and swap cards, there are no forced
corrections or hints, allowing for open-ended experimentation. The goal is to arrange the cards in
order, no matter the method. In guided modes, the player must follow the step-by-step process
outlined by the sorting algorithm to make progress. Any deviations from the correct algorithmic
steps trigger a hint or correction message, helping players stay on track.

Figure 12: Bubble Sort: Flipped cards 4 and
1.

Figure 13: Bubble Sort: Swapped cards 4 and
1.

Algorithm Specific Rules Each sorting algorithm has its own specific rules and interactions.
Bubble Sort requires players to flip two adjacent cards. If the first card is larger than the second,
they must swap the cards. For instance, if the player flips cards numbered 4 and 1, as shown
in Figure 12, they must swap them since 4 is greater than 1. In Figure 13 1 highlights the
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two cards that have been swapped, while 2 shows the activated swap button used to execute
the swap. This action mimics the swapping step in the Bubble Sort algorithm. Once a card is
correctly placed at the end of the array, the player must mark it with a 3 checkmark to signify
it is in its correct position.

In Insertion Sort, players flip a card and compare it with the previously sorted section to find
its correct position. A small orange dot appears above the last opened card to help track where
the current comparison is taking place. Players can then swap the cards as needed and, once the
sorting is complete, mark the correctly placed cards with a checkmark.
At the last algorithm, the Selection Sort, players open and compare all the cards to identify the
smallest value. The smallest card is "pinned" to lock it in place and remains visible, allowing it
to be compared with non-adjacent cards. Once the smallest card is identified, it is swapped with
the first unsorted card. As in Bubble Sort, players must checkmark each correctly sorted card.
The game ends when all cards are correctly sorted and marked with checkmarks. Once the final
card is sorted, a celebratory message appears, accompanied by a confetti animation to indicate
the player’s success. With each sorting task successfully completed, the game not only reinforces
the player’s grasp of the algorithm but also uses a structured approach, known as steplist logic,
to guide every move along the way.

5.2 Steplist Logic

The steplist logic is a fundamental part of how the game enforces and guides each sorting algo-
rithm, helping players follow each step precisely. Steplist logic refers to the sequence of actions
that the game generates based on the chosen sorting algorithm. This sequence ensures that play-
ers can complete each step in the correct order, reinforcing their understanding of how sorting
algorithms function. Each time a player selects an algorithm and configures the game settings,
the game generates a new set of cards, as well as a customized list of steps, called a steplist.
This steplist contains a detailed breakdown of the specific actions the player needs to perform to
complete the sorting task. For example, if Bubble Sort is chosen, the steplist will include each
comparison and swap action needed to organize the selected cards into the correct order. The
steplist is essentially the algorithm broken down into concrete actions for the player to follow.
These actions are categorized into four types:

• Open (to reveal a card),

• Swap (to exchange the positions of two cards),

• Checkmark (to mark a card as correctly sorted),

• Pin (for locking the smallest value in Selection Sort).

Each action is stored in a specific format, for example: [type: open, index: 1], which instructs
the game to open the card at index 1. By translating each sorting algorithm into a series of clear,
interactive steps, the steplist logic helps players understand and visualize the sorting process.
An example sequence for a Bubble Sort steplist might include instructions like the following:

[open, 1] → [open, 2] → [swap, (1, 2)] → [checkmark, 1]
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The player does not see this steplist directly but instead interacts with the game. The flowchart
in Figure 14 illustrates how the steplist logic operates. Players perform actions and the game
follows a sequence of steps from the steplist. It starts with 1 the initialization of the game,
where the steplist is created based on the chosen algorithm and game settings. The flowchart then
proceeds to 2 check the step type. Based on this type, the player has to 3 execute the action,
such as opening a card or swapping two cards. After execution, the game validates whether the
action was correct. If the player correctly performs an action, the game 4 progresses to the
next step. However, if the player makes a mistake, 5 a hint message appears, showing what
the correct next step should be, based on the current step in the steplist. After correcting the
action or receiving guidance, the game proceeds to the next step in the steplist. The flowchart
continues to 6 check if all steps have been completed. If all steps are completed correctly, the
game ends with a win 7 . If not all steps are completed, the game loops back to the step check
2 to continue guiding the player.

Figure 14: Flowchart of the Steplist Logic.

State changes due to player interaction In the sorting game, players have the ability to
influence the order of the steplist through specific actions. Particularly, actions like Open and
Checkmark allow the player to manipulate which steps are executed and in what order. This
flexibility is important because it ensures that the game remains forgiving and adapts to player
actions.
For example, if the sequence requires opening cards at index 1 and index 2, it does not matter
which card is opened first, the result is the same. Similarly, if multiple cards in a row need to be
checkmarked, the order of checkmarking does not affect the overall outcome. This manipulation
is only allowed with action pairs of the same type, open or checkmarked. With a simple example
this process is illustratrated in Figure 15. In this figure, the steps of the steplist are displayed in
yellow boxes, while the corresponding player actions are represented in green boxes. On the left
side, gray rounded boxes indicate the specific actions taking place in each row. Additionally, two
pointers are included: a red pointer denoting the "current step" and a green pointer indicating
the "next step" within the steplist.
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When a player performs an action 1 that deviates from the exact step-order specified in the
steplist, the game 2 searches ahead in the steplist for the "next step". If that 3 "next step"
matches the player’s action, the game 4 swaps the current step with the "next step" in the
sequence to align the steplist with the player’s actions. The game then continues following the
updated sequence. This approach offers the player greater flexibility in executing the required
actions. By allowing for a more adaptable interaction with the game mechanics, players can tailor
their strategies and decision-making processes according to their individual preferences. This
enhanced level of flexibility contributes to a more engaging and personalized gaming experience.

Figure 15: State changes due to player interaction in the Steplist.

5.3 Settings

The game settings provide various interactive features that enhance the player’s experience.
When a player hovers over the dropdown menu to select an algorithm, card type or the number
of cards to play with, the box changes to a dark blue color with a luminous turquoise outline,
effectively highlighting the selection area. This effect can be seen in Figure 16 item 1 . Once
the dropdown is open, hovering over the options highlights the selected item with 2 a light blue
background, making the choice easily noticeable. The Full Range option is visually interactive
as well. When the player hovers over its symbol, it changes 3 to light turquoise and the cursor
switches to a pointer, indicating that it’s clickable. Once clicked, the symbol 4 turns green to
confirm the selection.
Each time any of the game settings are changed, whether it’s the number of cards, the card type,
the algorithm or the Full Range option, the cards are reshuffled to reflect the new configuration.
Additionally, the user interface provides real-time feedback for each selection, allowing players to
instantly see how their changes impact the game without delay. This ensures the settings are easy
to interact with and responsive to the player’s input. By maintaining an intuitive design, players
can confidently explore various configurations and discover optimal strategies. This dynamic
interaction enhances the overall gaming experience.
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(a) (b)

Figure 16: Settings with hover and selection effects.

6 Game Board

The Game Board is the heart of the gameplay experience, serving as the central area where
players interact with the sorting algorithms. Everything within the Game Board is designed to
be intuitive and touch-friendly, making it ideal for both mouse and touchscreen interfaces. This
chapter provides an overview of how the Game Board is designed to facilitate player engagement,
including the layout of the cards, the process of performing actions like Open and Swap cards,
and the use of visual symbols such as Checkmark and Pin. It also covers the animations and
feedback mechanisms that offer real-time responses and enhance the user experience, showcasing
how the Game Board ensures interactive and enjoyable gameplay.

6.1 Layout And Interactions / UI

The Game Board is the central visual and interactive element of the sorting game. It is pre-
sented as a blue-colored box where the rectangular playing cards are neatly centered for ease of
interaction. As shown in Figure 17, the image depicts one closed card with a patterned back
and one open card revealing its number. The cards feature a simple aesthetic: their reverse sides
display 1 a pattern of white and turquoise squares, creating a clean, minimalistic look. To the
left of 2 , a card with a green border indicates it has been sorted, while to the right, a card
with a black border represents an unsorted state. Beneath each card, 3 the index number of
its position in the sequence is displayed, alongside 4 a checkmark symbol that allows players to
confirm a card’s correct placement during gameplay. The number of cards on the board depends
on the player’s settings. More cards automatically narrow to fit without overlap, as shown in
Figure 18.

Figure 17: Open and
closed cards.

Figure 18: Game Board with many cards.
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Players can interact with the cards by clicking on them to open or close them. However,
only two cards can be opened at a time. When two cards are open simultaneously, a "swap"
button appears below them, designed as a yellow-bordered box featuring two arrows pointing in
opposite directions. Clicking the swap button allows the player to exchange the values of the
two cards, mimicking the action required by many sorting algorithms. Above the Game Board,
a blue Message Box is displayed, illustrated in Figure 19, which communicates hints and 1
important game status updates. Whenever a hint is triggered, the box 2 turns orange, drawing
the player’s attention to help them stay on track with the sorting process.

Figure 19: Message Box with game status and hint.

In special cases where Selection Sort or Insertion Sort is selected, unique symbols appear to
assist with gameplay. In Selection Sort, when a card is opened, a pin needle symbol appears
above it. This symbol allows the player to "pin" a card in place, meaning the card remains
open until it is unpinned. In Insertion Sort, a yellow dot appears above the last opened card,
marking it as the card currently being compared with the rest of the deck. These visual cues
provide intuitive support for players to better understand their progress in sorting the cards.
By incorporating visual aids and feedback mechanisms, players are better equipped to grasp the
underlying principles. With the layout and basic interactions established, we move on to explore
the specific actions that players can perform within the game.

6.2 Actions

The game involves four primary actions that players use to interact with the cards: Open, Swap,
Checkmark and Pin. These actions collectively facilitate the sorting process and provide the
necessary interactions for players to effectively implement and experiment with different sorting
algorithms. By allowing players to engage with the cards in multiple ways, the game encourages
active participation and deeper understanding of sorting techniques. Additionally, the clear
and intuitive design of these actions helps to eliminate confusion, enabling players to focus on
developing their problem-solving skills as they navigate through the sorting challenges.

Open Opening a card is performed by clicking on it. The game allows a maximum of two cards
to be open at any given time. If two cards are already open and the player clicks on a third
card, the two currently open cards will automatically close and the newly clicked card will open.
If a player clicks on one of the already open cards, it will remain open while the other card will
close. Typically, players are required to open and compare neighboring cards, following a logical
sequence in the deck. However, when a card is pinned, this standard rule is overridden. In such
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cases, players have the flexibility to open and compare any cards in the deck, regardless of their
position.

Swap The swap action allows players to exchange the positions of the two open cards, facilitat-
ing the reordering necessary for sorting. This feature is crucial for implementing the sorting logic,
as it allows players to reorganize the cards in a step-by-step manner. By giving them control
over which cards to swap, the action promotes an interactive learning experience where players
can practice different sorting strategies. Additionally, the swap action provides immediate visual
feedback, helping players understand the effects of their decisions and reinforcing the underlying
principles of sorting algorithms.

Checkmark Players can apply a Checkmark to both open and closed cards. The Checkmark
serves as a visual confirmation that a card is in its correct place according to the sorting rules.
The timing of when cards should be checkmarked depends on the sorting algorithm being used.
For example, in Bubble Sort, a card is checkmarked once it is correctly positioned at the end of
the array.

Pin The Pin action is specific to the Selection Sort algorithm. Only one card can be pinned
at a time. When a card is pinned, it remains open and visible while the player can open and
compare any other card in the deck. To unpin a card, players can either Checkmark the card,
perform a Swap or Pin a different card. This feature helps in identifying and locking the smallest
card in the sequence.

6.3 Animations and Feedback / UX

User experience (UX), which focuses on the overall interaction and satisfaction of the user, plays
a decisive role in making the game captivating and intuitive. To achieve this, the Game Board
incorporates animations and feedback mechanisms that guide players and make interactions more
seamless. For example, when a player hovers over a card, the card scales up slightly and the
cursor changes to a pointer, indicating that the card is clickable, seen in Figure 20. Similarly,
hovering over the Checkmark or Pin symbols changes their color to light turquoise, paired with
a pointer cursor, hinting at their interactivity. Clicking the Checkmark turns it green, and the
card’s black border transitions to green, reinforcing the action of marking it as sorted. The Pin
symbol turns green and smoothly transitions downward to the card, rotating 45 degrees to signify
that the card has been pinned. The swap symbol also includes interactive feedback displayed in
Figure 21: hovering over it triggers a scaling effect, while clicking it results in a flash effect, with
the arrows turning white and the background transitioning to light yellow. This visual response
helps players understand that the swap action has been performed.

For Insertion Sort, a small yellow dot follows the movement of cards, marking the last opened
and compared card. This helps players keep track of their progress and ensures they do not get
lost in the sorting process. When players make mistakes or fail to follow the steplist correctly,
the Message Box lights up in bright orange. This attention-grabbing color change draws the
player’s attention to the help message, making it more noticeable and easier to address. Once
the player acknowledges the help message, the Message Box returns to its normal state. Upon
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successfully completing the game, a celebratory confetti animation and a win message provide
positive reinforcement, leaving players with a sense of accomplishment and satisfaction.

Figure 20: Scaling effect
when hovering over card.

Figure 21:
Flashing Swap
button.

Why is visual feedback important? During initial playtesting, users struggled with unclear
interface elements, such as frequently overlooking the swap button or misunderstanding its func-
tion. To address this, we implemented scaling effects and other visual cues to highlight interactive
elements, such as flashing animations and color changes, which improved clarity. This experience
emphasized the critical role of visual feedback in interactive applications like this project. By
offering instant responses to user actions, the interface becomes more intuitive and responsive,
enhancing engagement. By offering instant responses to user actions, it makes the interface more
intuitive and responsive. In the context of this educational game, where players are learning
sorting algorithms, clear visual feedback helps reinforce the learning process. By highlighting
selections, interactions and outcomes (like the swap feature or card pinning), players can better
understand the cause-and-effect relationships between their actions and the algorithm’s mechan-
ics. This makes abstract concepts more tangible, helping users grasp the logic of sorting in a
more interactive and enjoyable way.

Incorporating visual feedback also improves user confidence. When users receive clear visual
cues, such as buttons flashing or scaling, they are reassured that the system has recognized
their input. This reduces confusion and increases the fluidity of gameplay, making the learning
process smoother and less frustrating. For this project, visual feedback bridges the gap between
technical learning and interactive play, making the sorting algorithms more accessible to younger
audiences.

20



7 Statistics

In this chapter, we explore the role of the statistics in providing valuable insights into player
performance and algorithm efficiency. In computer science, complexity refers to the amount of
resources an algorithm requires as the input size increases. Specifically, we often measure time
complexity, which looks at how the number of steps (or operations) grows as more elements are
involved [2]. Big O notation is a mathematical framework used to describe the upper bound of
an algorithm’s running time or space requirements relative to the input size [2]. It provides a
standardized way to evaluate and compare the efficiency of different algorithms as the size of
the input data increases. For example, O(n2) indicates that the number of operations required
grows quadratically with the number of elements in the input. This means that doubling the
input size results in a fourfold increase in the number of steps.

Comparing Sorting Algorithms Basic sorting algorithms like Bubble Sort, Selection Sort
and Insertion Sort typically have a worst-case time complexity of O(n2), indicating that their
efficiency decreases significantly as the number of elements (or cards, in this case) grows [3, 4].
Bubble Sort is the least efficient, as it repeatedly compares adjacent elements and swaps them
if they are in the wrong order. This process continues until the entire array is sorted, leading
to many unnecessary comparisons, especially in cases where much of the list is already sorted.
Insertion Sort is more efficient when dealing with nearly sorted data. It builds the final sorted
array one element at a time, moving elements into their correct position. This algorithm performs
fewer swaps and comparisons when elements are already close to their correct order, making
it a better choice for smaller or partially sorted datasets. Selection Sort stands out because it
minimizes the number of swaps. The algorithm repeatedly selects the smallest remaining element
and swaps it with the first unsorted element. Although it makes fewer swaps than Bubble or
Insertion Sort, it requires many comparisons, making it less efficient overall, especially for large
data sets. In summary, while all three algorithms have the same theoretical worst-case complexity
of O(n2), they behave differently in practice. Insertion Sort is generally more efficient for nearly
sorted or small datasets, Selection Sort minimizes the number of swaps and Bubble Sort is simple
but inefficient for larger or unsorted lists [4].

Role of Statisitcs in the Game A key feature of the game is its ability to track and present
statistical data, such as the number of swaps, card flips and mistakes, to aid player learning as
seen in Figure 22. By observing these metrics, players gain valuable insights into the performance
of different algorithms. For example, they may notice that Selection Sort requires fewer swaps
but involves more comparisons than Insertion Sort, encouraging them to think critically about
the trade-offs between operations. This allows players to compare the performance of different
algorithms under the same settings and develop a deeper understanding of their strengths and
limitations.
However, while the tracked statistics provide meaningful insights, they do not fully capture the
complexity of each algorithm. For instance, edge cases or variations in input conditions might
not be entirely reflected in the gameplay metrics. Players should take these limitations into
account when interpreting the data and evaluating algorithm efficiency. Overall, this statistical
feedback helps players refine their strategies, optimize their approach, and build an intuitive
understanding of how sorting algorithms function under varying conditions.
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Figure 22: Tracked statistical data.

8 Usage

In this chapter, we aim to demonstrate how players interact with the game to learn sorting
algorithms, emphasizing the educational objectives of the project. By showcasing a complete
playthrough, we will highlight how the game fosters understanding of sorting concepts through
interactive mechanics. For this demonstration, we will use the Selection Sort algorithm to show-
case key features, such as the Pin mechanism, which plays a vital role in helping players manage
their sorting tasks effectively. Now that we have established the context and purpose of this
playthrough, we will conduct a full walkthrough from start to finish, concluding with the cel-
ebratory confetti that marks the successful completion of the sorting task. Throughout this
section, we will provide detailed screenshots to illustrate key moments in the game, accompanied
by explanations of the important actions taken along the way to enhance clarity. In addition
to the standard playthrough, we will also introduce specific settings that enable the player to
unlock a special ending, adding an extra layer of excitement to the experience. By the end of
this demonstration, players will have a thorough understanding of how to navigate the game and
maximize their engagement with its features.

8.1 Playing the Game

In Figure 23, we begin by configuring the game settings. The algorithm is set to Selection Sort,
the card type is chosen as numbers, the number of cards is set to 6 and the Full Range option is
enabled, allowing for a wider variety of numbers to appear on the Game Board.
Once the settings are applied, the game begins, as shown in Figure 24. The six cards are arranged
horizontally and initially face down. The Message Box displays a welcome message, stating the
selected algorithm mode. This introduction helps set the stage for the upcoming sorting process.

Figure 23: Play through: Chosen Settings. Figure 24: Play through: Game Board and
cards facing down.
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The gameplay starts with the first step of the Selection Sort algorithm, illustrated in Figure 25.
The player clicks on the first card, revealing the number ’56’. Next, they click on the second
card, which reveals a ’32’. Comparing these two values, the player identifies ’32’ as smaller. To
mark this finding, the player clicks the Pin symbol above the ’32’ card, locking it in place as
the smallest value found so far. In Figure 26, we then continue opening the remaining cards
one by one, comparing each new card to the previously pinned card. When we find a card with
a lower value, we pin it, indicating it’s the smallest value so far. The pinned card represents
the "smallest-element pointer" described in the Selection Sort section, while the other opened
card corresponds to the "current-element pointer." This relationship aligns with the step-by-step
comparison process outlined earlier.

Figure 25: Play through: Two open cards for
comparison.

Figure 26: Play through: Old pinned card,
new lower card detected.

When the lowest value card is identified, as shown in Figure 27, we swap it with the first card
in the sequence, placing it in its correct position. For instance, if the lowest card is ’12’ and the
first card is ’56’, the swap rearranges these cards so that ’12’ occupies the first position. This
action uses the "swap" button located beneath the cards, which activates when clicked. During
the swap, the arrows on the button turn white, while the button’s background transitions to a
light orange shade, providing visual feedback to enhance the player’s interaction with the game.
In Figure 28, the card is now confirmed as the lowest in the set and is in its correct position. It is
marked with a green Checkmark beneath the card and the card’s border turns green, signifying
that it has been correctly sorted. These visual indicators reinforce the player’s understanding of
the sorting process by clearly signifying that this card is now in its final, sorted position. This
marks the end of the first pass of the Selection Sort. The player then moves on to the next step
by opening the following two unsorted cards to identify the next smallest value. This iterative
process continues until all cards are sorted, allowing players to observe the gradual organization
of the deck.

If a player overlooks a lower card and fails to pin it, shown in Figure 29, a hint message will
appear, guiding them on the next step. For example, if the lowest card is at index 4 and is
overlooked, the message explicitly instructs the player to pin the card at that index, helping
them correct their mistake and continue the sorting process. In Figure 30 the mistake counter
updates to reflect the error and briefly flashes to draw the player’s attention. Additionally, the
statistics box shows the current numbers of flipped and swapped cards, providing a summary of
your ongoing actions.
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Figure 27: Play through: Swapped cards and
activated swap button.

Figure 28: Play through: Checkmarked first
card and two open cards.

Figure 29: Play through: Hint message. Figure 30: Play through: Statistic with
flashing mistakes counter.

Figure 31 illustrates the final steps of the algorithm. After addressing the hint, the algorithm
resumes by finding the lowest value among the unsorted cards, pinning it and swapping it into
its correct position. Once the card is swapped, it is then checkmarked to confirm its placement.
Once all cards are correctly sorted and checkmarked, a winning message appears, accompanied
by a celebratory confetti animation. Additionally, all cards are sequentially reopened to showcase
the sorted sequence. After winning the game, the player is presented with an opened, sorted deck
of cards, allowing them to visually confirm the final result. The game statistics remain static,
allowing the player to review and analyze their performance. At this point, the player can either
reload the game with the same settings to replay the same algorithm and card configuration or
start a new game by choosing different settings, such as selecting a different algorithm or card
type. This flexibility offers an opportunity for further learning and experimentation with the
game mechanics.

8.2 Special Ending

While the primary focus of this project is on providing a solid educational experience, we aim
to add an element of enjoyment to boost player engagement. Therefor, a special ending with a
surprising animation was implemented. When players configure the settings to select any guided
algorithm, choose "letters" as the card type, and set the number of cards to eight, they will
unlock a playful surprise at the end of the sorting process. This feature adds an enjoyable twist
to the end of the game, rewarding players with a delightful experience.
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Figure 31: Play through: Confetti and win message.

When these settings are selected, the player receives a special card deck featuring the word
"RICKROLL". This deck is unique because it includes duplicate cards, such as two "L" cards
and two "R" cards, which also presents an interesting situation for the player sorting the deck.
Duplicate cards never appear in the normal game setting, making this particular scenario a
unique cognitive challenge for the player. It forces the player to adopt a different strategy, test-
ing their problem-solving skills and encouraging deeper thinking beyond the standard gameplay.
This special condition adds an extra layer of complexity, providing a distinct exercise in logi-
cal reasoning. Once sorting is complete, the cards reveal themselves in sequence, showing the
standard win message and the confetti along with the now-sorted letters "CIKLLORR." Shortly
afterward, as shown in Figure 32, the screen dims and a GIF of Rick Astley’s "Never Gonna
Give You Up" begins playing in the center of the screen, accompanied by a brief clip of the
song. This lighthearted moment serves as a playful reward for the player, adding an unexpected
and fun twist to the game’s conclusion. The win message then changes to "You just got RICK
ROLLED!" illustrated in Figure 33.

A "rickroll" is a well-known internet prank where an individual is tricked into clicking a
link that unexpectedly directs them to the music video for Rick Astley’s 1987 hit song "Never
Gonna Give You Up" [5]. The rickroll prank usually involves making a link look like it’s about
something interesting, but when you click it, you’re taken to Rick Astley’s music video instead
[5]. The term "rickroll" combines Rick Astley’s name with the concept of "rolling" someone into
a playful and surprising situation. In our game, there’s no need for the player to click any links.
Instead, when the correct settings are chosen, the special ending triggers automatically. This fun
twist introduces a hidden Rickroll message, delivering a humorous and memorable conclusion to
the sorting process.
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Figure 32: Special Ending: Overlaid GIF. Figure 33: Special Ending: Sorting completed
with special message.

9 Related Work

Teaching algorithms has traditionally relied on methods such as lectures, instructional videos,
textual explanations and hands-on implementation exercises. These approaches provide founda-
tional knowledge and technical insights but often lack interactive elements that engage learners
more deeply [6]. In this context, educational games have emerged as a valuable tool for enhanc-
ing understanding. They offer an interactive and engaging way to explore complex concepts,
making learning more enjoyable and effective [6, 7]. For example, our project builds on previous
work in this area by incorporating game-based learning to teach sorting algorithms [7]. We also
examined existing educational games that focus on algorithms and sorting in particular.

9.1 Previous Card-Based Game

In our development of this project, we drew inspiration from a previous card-based game designed
to teach sorting algorithms. This earlier game, developed in Java, shares several similarities with
our current project, particularly in the algorithms it offers. Players can choose from the same
set of sorting algorithms, although the earlier game labels its "Free Mode" as "Play Mode" and
accommodates a card range of 7 to 15. Instead of a "Full Range" button, players could select
between small or random numbers.
Despite these similarities, there are notable differences in design and functionality as can be seen
when comparing this project with Figure 34, the previous project. The previous game features
a swap button that is centered between the open cards and visually animated card movements
when cards are swapped. However, our current project also features animated card movements,
such as scaling when hovering over cards and flashing the swap button when clicked, providing
more interactive feedback and highlighting the sorting process. Additionally, the prior design
includes sound effects that signal mistakes, contrasting with the design choices of our current
project. When sorting is completed and the player attempts further actions, the system only
informs them with a message stating "No more actions necessary," accompanied by the same
mistake sound effect, without any celebratory or win messages. Unlike the earlier game, our
project incorporates celebratory sound effects, visual feedback like confetti and win messages
when sorting is completed. Another key difference is that players are not required to manually
checkmark sorted cards. This step is not part of the player’s responsibilities and whether or not
they mark the cards, no mistakes are registered.
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One significant drawback of the earlier Java-based game is its requirement for Java instal-
lation on the player’s device. This often posed a barrier, especially during workshops hosted
by the Institute for System Software, where we have no control over the software installed on
participants’ devices. To address this limitation, our project is web-based, offering easier access
with no need for prior installations. Looking ahead, it is also possible to consider developing a
mobile version to further enhance accessibility and user convenience.

Figure 34: Previous card-based game.

9.2 Educational Games

Educational games have become a powerful tool in teaching complex concepts by engaging learn-
ers in interactive and enjoyable experiences. In the realm of computer science education, games
that focus on algorithmic thinking, problem-solving and logic are especially popular, as they offer
a hands-on approach to learning abstract ideas [6] such as sorting algorithms. In this section, we
review related educational games that share a similar goal with our project, focusing on those
that involve card-based mechanics or teach sorting algorithms in innovative ways.

Research While researching educational games that teach sorting algorithms, we encountered
a wide variety of approaches. One of the most common methods involved animations where bars
of varying heights visually swapped positions according to the selected algorithm, as shown in
Figure 35 and Figure 37. This animations were often accompanied by pseudocode that helped
users understand the underlying logic, visualized at Figure 36. This visualization technique was
implemented across multiple platforms, such as VisuAlgo [8] or Toptal [9], each offering unique
layouts and user interface designs, while adhering to the same fundamental concepts.
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Figure 35: VisuAlgo animated bars [8]. Figure 36: VisuAlgo pseudocode for Bubble
Sort [8].

Figure 37: Sorting Algorithms Animations [9].

In addition to these animations, we found several interactive games where players were
prompted to engage more directly with the sorting process. For example, in Figure 38 pre-
sented bars for comparison and asked players questions like whether the highlighted bars should
be swapped or if the current pass of the algorithm had reached its end [10]. Players would respond
with a "yes" or "no" decision, effectively testing their comprehension of the sorting algorithm’s
mechanics [10]. These interactive elements introduced a more hands-on learning experience,
pushing players to apply their understanding in real-time.

Figure 38: Interactive Bubble Sort Game [10].
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Other Card-Based Games In exploring existing educational games, a key question emerged:
Are there other card-based games that effectively teach sorting algorithms? During our research,
we identified one card-based game with similar mechanics to our project. Like our game, it
allowed players to open two cards at a time, checkmark the cards and swap them accordingly, as
seen in Figure 39 [11]. However, this game did not apply any specific sorting algorithm, making it
more comparable to the "Free Mode" of our project, where players perform basic actions without
algorithmic constraints. Additionally, only the number of swaps was tracked, offering minimal
feedback on sorting efficiency or algorithmic learning.

Figure 39: Cards Sorting Challenge [11].

In another interactive game, players have the option to select between Quick Sort, Bubble Sort
or a Free Sort mode, with different gameplay options like stopwatch or countdown [12]. The
game incorporated different card types and scenarios such as average, best and worst cases [12].
The visual representation involved blocks with values, all visible to the player, who could choose
to swap or pass using two buttons [12]. However, the game lacked a step-by-step guide, making
it less comparable to this project, which emphasizes structured algorithmic guidance.

We also came across an article discussing a card-based game that implements a similar steplist
function to the one used in our project [13]. In this game, players are guided through sorting
tasks, with hints provided when incorrect moves are made, helping them better understand the
logic of sorting algorithms. The game features seven different sorting algorithms and includes
multiple difficulty levels. As the player progresses, the number of cards increases and card place-
ment becomes more strategic.

Many educational tools rely on visual aids, but few have adopted the specific combination of
cards and algorithms. In conclusion, while there are a variety of educational games that teach
algorithms, card-based games specifically focused on sorting algorithms are relatively rare. This
underscores the uniqueness of our approach, which integrates both a fun card game mechanic
with educational content that teaches sorting with a focus on specific algorithms rather than
free-form sorting in an engaging way. Through this exploration, we can better understand how
our project fits into the broader landscape of educational games and identify potential areas for
future development.
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10 Lessons Learned

This section is written from my personal perspective and serves as a summary of the most im-
portant aspects in which I have grown as part of this project. Throughout this project, I gained
valuable insights and skills that have significantly shaped our development process. I began with
limited knowledge of technologies like HTML, CSS, JavaScript and Vue, but through persistent
learning, I transitioned from beginners to more confident developers. The steep learning curve
in mastering these tools was challenging, yet the progress I made was highly rewarding. Problem
solving was another crucial area of growth. For example, creating the "steplist" functionality
forced me to break down difficult tasks into manageable parts, enhancing my ability to solve
complex problems. There were moments, especially when developing the Selection Sort steplist,
where I didn’t have immediate solutions. Through research, experimentation and iteration, I
learned to be patient and persistent, realizing that software development is often non-linear and
involves overcoming various roadblocks.
As the project evolved, I also gained a deeper understanding of the importance of planning. Early
design choices that lacked forethought made me realize the importance of carefully structuring
components thoughtfully and build maintainable, extendable code from the outset. Addition-
ally, working with Vue.js reactivity and Pinia state management helped me refine the game’s
communication between components, allowing smoother gameplay. Adaptability was key as I
frequently adjusted our designs based on feedback and experimentation. Rather than sticking
rigidly to our initial ideas, I embraced iteration, learned to use tools like DevTool to refine the
game continuously and improve the user experience.

11 Limitations and Future Work

In this chapter, we discuss the limitations encountered during the development of the project
while highlighting opportunities for future improvement. Although all the initial project require-
ments were successfully implemented, there are still areas where enhancements could significantly
improve the overall experience. One key challenge is improving the onboarding process for new
users. Currently, the absence of a "How to Play" tutorial makes it difficult for beginners to grasp
the difference between "Free Mode" and "Guided Algorithm" modes, potentially causing early
confusion. Adding an algorithm-specific introduction could also help users better understand
the purpose, principles, and applications of each algorithm. The game layout, another area for
improvement, does not fully adapt to smaller screen sizes and requires further CSS optimization
to ensure smooth gameplay across devices, including mobile. Additionally, the lack of a struc-
tured feedback mechanism prevents the collection of valuable user insights, such as gameplay
intuitiveness, layout issues, or visual preferences. While the game tracks basic statistics, such
as flipped cards, swaps and mistakes, more advanced metrics like time taken to complete the
sorting or personal best performances could provide a more in-depth analysis of player progress.

To address these limitations, several enhancements are proposed. Developing a thorough
"How to Play" tutorial tailored to each algorithm would help users navigate the game with
confidence. Visual updates, including additional card designs and animations, could enhance
the user experience, while layout optimization would make the game more accessible on smaller
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screens. Expanding the game’s educational scope by introducing advanced sorting algorithms,
such as Quick Sort or Merge Sort, would deepen its value. Adding options like sorting in descend-
ing order would provide further flexibility. Moreover, multiplayer or competitive modes could
engage players by challenging them to complete sorting tasks faster and with fewer mistakes,
adding a social and competitive dimension.

In conclusion, refining the onboarding process, improving accessibility, and expanding the
range of algorithms are key priorities for enhancing the game. By incorporating user feedback
and focusing on these areas, the project can evolve into a more engaging and educational platform
for learning sorting algorithms.

12 Conclusion

In conclusion, this project successfully developed an educational browser-based game designed to
demystify sorting algorithms for users of all skill levels. By integrating engaging gameplay with
educational content, the card game not only makes complex concepts more accessible but also
enhances the overall learning experience. Through the various modes of play, users can explore
sorting algorithms at their own pace, deepening their understanding while enjoying the process.
By simplifying complex concepts and providing visual, hands-on learning, the game makes sort-
ing algorithms accessible to a younger audience. While the initial objectives have been met, the
project has identified several areas for future improvement. Enhancing the onboarding experi-
ence, optimizing the interface for mobile devices and incorporating advanced sorting algorithms
will further enrich the web game. Additionally, gathering user feedback will be crucial in refining
the game and ensuring it meets the evolving needs of its audience. Looking forward, this project
lays a solid foundation for future developments in educational gaming. By consistently innovat-
ing and adapting, we can foster a greater appreciation for algorithmic thinking. This approach
improves problem-solving skills and equips users to address more complex computational chal-
lenges. The core achievement lies in creating an enjoyable learning experience that helps users
grasp fundamental algorithmic concepts with ease.
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