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Abstract

Sorting algorithms are a fundamental topic in computer science education, yet many students
struggle to understand their inner workings through traditional teaching methods. Existing
educational tools often rely on passive demonstrations, which fail to engage learners in the
actual decision-making process of sorting. To address this challenge, we developed an interactive
mobile game that transforms sorting into an intuitive, hands-on experience. Instead of simply
observing how sorting algorithms work, players take an active role in executing the sorting
process themselves. By engaging users in active problem-solving, the app helps them develop
a deeper understanding of sorting logic and efficiency trade-offs. The interactive nature of the
game encourages exploration and experimentation, making it a valuable tool for students learning
sorting algorithms in an accessible and engaging way. This thesis presents the development of
the app, discusses its educational benefits, and explores potential improvements. By turning
sorting into an interactive task, the project aims to enhance learning and make algorithmic
problem-solving more intuitive for students and educators alike.

Kurzfassung

Sortieralgorithmen sind ein grundlegendes Thema im Informatikunterricht, doch viele Schüler
haben Schwierigkeiten, ihre Funktionsweise mit herkömmlichen Lehrmethoden zu verstehen.
Bestehende Lehrmittel stützen sich oft auf passive Demonstrationen, die die Lernenden nicht
in den eigentlichen Entscheidungsprozess des Sortierens einbeziehen. Um diese Herausforderung
zu meistern, haben wir ein interaktives Handyspiel entwickelt, das das Sortieren zu einer intu-
itiven, praktischen Erfahrung macht. Anstatt einfach nur zu beobachten, wie Sortieralgorithmen
funktionieren, übernehmen die Spieler eine aktive Rolle bei der Ausführung des Sortiervorgangs
selbst. Indem die App die Benutzer in eine aktive Problemlösung einbindet, hilft sie ihnen, ein
tieferes Verständnis der Sortierlogik und der Effizienzabwägungen zu entwickeln. Der interak-
tive Charakter des Spiels regt zum Erforschen und Experimentieren an und macht es zu einem
wertvollen Werkzeug für Schüler, die Sortieralgorithmen auf eine zugängliche und ansprechende
Weise lernen. Diese Arbeit stellt die Entwicklung der App vor, erörtert ihren pädagogischen
Nutzen und untersucht mögliche Verbesserungen. Durch die Umwandlung des Sortierens in eine
interaktive Aufgabe zielt das Projekt darauf ab, das Lernen zu verbessern und das Lösen von
algorithmischen Problemen für Schüler und Lehrkräfte gleichermaßen intuitiver zu gestalten.
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1 Introduction

Sorting algorithms are a fundamental topic in computer science, playing a crucial role in data or-
ganization and retrieval. Despite their importance, they can be difficult for beginners to grasp, as
the step-by-step decision-making process involved is often abstract and unintuitive. Traditional
methods for teaching sorting algorithms typically rely on textual explanations, pseudocode, or
basic visualizations. While these approaches provide a theoretical foundation, they often fail to
actively engage learners, making it challenging to develop an intuitive understanding of sorting
algorithms. Research suggests that interactive algorithm animations can enhance learning by
providing a more engaging and intuitive way to understand computational processes [11].

To address this issue, the Institute for System Software at the Johannes Kepler University
has been running workshops aimed at teaching sorting algorithms to children. These workshops
introduce participants to fundamental algorithmic concepts by guiding them through various
sorting techniques in an interactive way. Until now, these workshops have relied on an outdated
Java-based desktop application, which, while functional, no longer meets modern usability and
accessibility standards. The existing tool lacks cross-platform support, has an outdated user
interface, and features several bugs. Given these limitations, it was decided that a modern
replacement was necessary—one that would provide a more engaging and user-friendly learning
experience.

To fulfill this need, we developed an interactive mobile game that allows users to actively
participate in sorting algorithms. Instead of passively observing how an algorithm processes
data, players take control of the sorting process themselves, following the algorithm’s logic step
by step. The app features two distinct modes: in Algorithm-Specific Mode, players must strictly
follow the rules of a selected sorting algorithm, ensuring that they internalize its structure and
mechanics. The available algorithms are bubble sort, selection sort, and insertion sort. In
contrast, Free Play Mode gives users complete freedom to sort the cards in any way they choose,
enabling them to experiment with different strategies and develop their own intuition about
sorting.

By providing a practical and interactive approach, the app transforms sorting from a the-
oretical concept into a tangible learning experience. Players actively engage with the process,
reinforcing their understanding through direct interaction rather than passive observation. This
approach makes sorting more accessible and enjoyable, particularly for younger students who
may struggle with purely abstract representations. This aligns with broader efforts in computer
science education to make learning more engaging and accessible [15]. To ensure flexibility and
accessibility, the app was developed using Ionic and Angular, allowing for cross-platform com-
patibility across both mobile and web environments. Additionally, a lightweight backend system
was introduced to support workshop functionality, allowing educators to track student perfor-
mance and facilitate structured learning sessions. This ensures that the app is not only suitable
for independent learners but also serves as an effective teaching toolin classroom or workshop
environments.

The remainder of this thesis is structured as follows: Section 2 provides an overview of the
sorting algorithms used and introduces the existing desktop application for teaching them, while
also highlighting its limitations. Section 3 presents the sorting game, detailing its educational
goals, core mechanics and components, and technical implementation. Section 4 describes how
the app is used, covering different gameplay modes and potential applications. Section 5 outlines
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the used technologies and the deployment process for publishing the app on Google Play Store.
Section 6 examines related work, comparing this project with other tools used to teach sorting
algorithms. Finally, Section 7 discusses limitations and potential future improvements, followed
by a conclusion in Section 8.
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2 Background

Sorting algorithms play a critical role in both computer science education and practical appli-
cations. As foundational concepts, they provide students with essential skills in algorithmic
thinking, problem-solving, and understanding computational efficiency. This section focuses on
the three sorting algorithms most commonly used in educational contexts, emphasizing their
simplicity and pedagogical value. Additionally, it explains the limitations of the existing sorting
game and the rationale behind replacing it with a more modern application.

2.1 Introduction to Basic Sorting Algorithms

Sorting is a fundamental concept in computer science and is often one of the first topics introduced
when learning algorithms. Among the many sorting techniques, bubble sort, selection sort, and
insertion sort are considered some of the simplest and most accessible. These algorithms are
easy to understand, implement, and visualize, making them ideal for teaching the foundational
principles of sorting and algorithm design.

Although these basic algorithms are rarely used in real-world applications due to their ineffi-
ciency compared to more advanced sorting techniques, their value lies in their educational utility.
Each algorithm demonstrates key concepts such as comparison, swapping, and iterative improve-
ment in a way that is both intuitive and engaging. By studying these algorithms, students build
a solid foundation for understanding more complex sorting methods and computational problem-
solving in general.

In the following sections, we will examine each sorting algorithm and highlight their differences
by demonstrating how they sort the same array of four characters.

Bubble Sort Bubble sort is often one of the first sorting algorithms taught due to its simplic-
ity and the ease with which its steps can be understood and visualized. The algorithm works
by repeatedly ’bubbling’ the largest unsorted element to its correct position by comparing and
swapping adjacent elements. This step-by-step approach makes it particularly intuitive for be-
ginners to grasp the concept of sorting. Figure 1 illustrates the first four steps of bubble sort on
an array of four characters. In step 1 it compares the first pair of adjacent elements, but since
C is smaller than D it does not swap. In step 2 it compares the next pair of adjacent elements.
Since D is larger than A, the elements are swapped. In step 3, D is again larger than B and so
the elements are swapped. In step 4 the algorithm ’knows’ that D is in its correct position. This
process is repeated until every element is in its correct position.

3



Figure 1: The first four steps of bubble sort on an array of four characters.

Selection Sort Selection sort is another fundamental sorting algorithm commonly taught to
beginners due to its straightforward approach. The algorithm works by repeatedly finding the
smallest (or largest, depending on the order) element from the unsorted portion of the list and
swapping it with the first element of the unsorted section. This process is repeated until the
entire list is sorted. In Figure 2 we can see the first five steps of selection sort on an array of
four characters. In step 1, the first two elements are compared. Since C is smaller than D, it is
marked as the current smallest element (indicated by the green arrow). In step 2, C is compared
to A. Since A is smaller than C it is marked as the current smallest element. In step 3, A is
compared to B. Since A is smaller than B it remains the current smallest element. In step 4, the
current smallest element is swapped with the element in the first position of the array. In step
5 the algorithm ’knows’ that the first element in the array is now in its correct position.
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Figure 2: The first five steps of selection sort on an array of four characters.

Insertion Sort The final sorting algorithm used in the app is insertion sort. Insertion sort
is often introduced early in algorithm education due to its simplicity and resemblance to how
people intuitively sort playing cards. The algorithm builds the sorted list one element at a
time by comparing each new element with those already sorted and inserting it into its correct
position. Figure 3 illustrates the first four steps of insertion sort on an array of four characters.
In step 1 it compares the first two elements and since C is smaller than D, it does not swap.
In step 2 it compares the next pair of elements. Since D is larger than A, the elements are
swapped. In step 3, it compares C to A, and since C is larger than A, it swaps again. After step
3, the algorithm ’knows’ that the first three elements are sorted relative to each other. In step
4 it compares D to B. Since D is larger than B, it swaps. Unlike bubble sort and selection sort,
insertion sort never immediately determines whether a single element is in its final position. It
only ensures that every element is correctly placed once the entire array has been sorted.
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Figure 3: The first four steps of insertion sort on an array of four characters.

2.2 Replacing the Existing Java Application

The previous Java-based desktop application for teaching sorting algorithms was developed nearly
two decades ago. While it served its purpose well at the time, it has become obsolete in modern
computing environments. Additionally, as seen in Figure 4, the application suffers from severe
usability issues, such as freezing whenever the settings are changed. Users can only resolve this
issue by resizing the application window, making the experience frustrating and inefficient.

Another drawback of the old tool is its dependency on Java, which must be installed on the
user’s system to run the application. Additionally, users need to manually download and execute
the .jar file.

Given these limitations, replacing the Java application was necessary to provide a modern,
user-friendly, and accessible learning resource. The new Ionic/Angular-based application ad-
dresses these shortcomings by offering cross-platform compatibility, improved performance, and
an engaging user interface tailored to contemporary devices and user expectations. Furthermore,
when deployed as a web application, it eliminates the need for software installation or manual
file downloads, allowing users to access it instantly from any browser.
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Figure 4: The Java application freezing after a setting was changed.
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3 Sorting Game

Sorting is something we do all the time, often without even thinking about it. Whether we are
organizing books on a shelf, arranging playing cards in our hands, or picking out coins from a
pile, we intuitively apply different strategies to bring order to chaos. However, for a computer,
sorting is not as simple — it must follow strict rules, comparing only a few elements at a time
and executing precise steps to achieve the same result.

This game brings sorting to life by allowing players to experience the process firsthand.
Instead of just reading about sorting algorithms, players actively perform the steps themselves,
making key decisions along the way. Through this, the game encourages exploration, critical
thinking, and a deeper understanding of how sorting works.

In the following, we introduce the game’s concept, its core mechanics, and how it engages
players in learning sorting algorithms in an intuitive and interactive way.

Note: To ensure higher image resolution and have all elements in a single screenshot, most of
the following images were captured on a computer with the app running as a web application.

3.1 App Idea and Educational Concept

Sorting is a fundamental problem that humans intuitively solve in everyday life. Imagine being
handed a pile of coins and asked to arrange them from smallest to largest. Most people would
not methodically compare just two coins at a time. Instead, they might instinctively pick out
the smallest ones first, group similar coins together, or even estimate their order at a glance
before making adjustments. Humans rely on perception, pattern recognition, and estimation —
abilities that allow us to process large amounts of information quickly and holistically.

Computers, on the other hand, operate under very different constraints. Unlike humans, a
computer cannot simply ’see’ all the coins at once and pick out the smallest one immediately.
Instead, it must rely on a systematic approach, comparing only two elements at a time and
following a precise set of instructions to gradually arrive at a sorted order. However, what
computers lack in intuition, they make up for in speed, performing billions — or even trillions
— of comparisons in mere seconds.

This fundamental difference between human intuition and computational logic highlights why
sorting algorithms are an essential topic in computer science. Understanding how a computer
sorts forces us to break down a seemingly simple task into discrete, logical steps, revealing the
trade-offs between efficiency, simplicity, and adaptability.

With this in mind, we developed an interactive app that allows students to experience these
challenges firsthand. Instead of simply reading about sorting algorithms, users actively step into
the role of the algorithm itself, making decisions about comparisons, swaps, and orderings. By
designing the app this way, we ensure that students are not just learning passively but engaging
with the fundamental logic behind sorting.

By guiding students through different sorting strategies, we give them the opportunity to
explore questions such as: Why does one algorithm require fewer steps than another? What
makes some approaches faster in certain cases but slower in others? Through direct interaction,
they develop an intuitive understanding of efficiency, algorithmic trade-offs, and the constraints
of computational sorting.

By making sorting algorithms tangible and interactive, we provide a learning experience
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that bridges the gap between human intuition and computational logic. Our app transforms an
abstract concept into an engaging and thought-provoking activity, helping students develop a
deeper understanding of how computers process and organize data.

3.2 Gameplay and Interaction

The game revolves around a set of numbered cards with numbers (or letters, based on settings)
on them, which must be arranged in the correct order. In this game, this always means to sort
them in ascending order. To introduce an element of discovery and strategy, the cards start
out face-down. Players must click the cards to reveal the value, just as a sorting algorithm
incrementally processes data. As an additional restriction, players can only open up to two
cards at the same time, which mimics an algorithm that has two variables whose values can be
compared. In Figure 5 we can see how this set of numbered cards could look like. In this case
the cards at positions [3] and [4] were opened by the user.

Figure 5: A set of five cards, with cards at position [3] and [4] being open.

In addition to opening cards, players can also swap the positions of two open cards. We can
see an example of this feature in Figure 6, where the cards in positions [3] and [4] were swapped.

Figure 6: Users can swap two open cards by pressing the swap button.

Furthermore, users can also pin one card. This allows the pinned card to stay open while the
user clicks on other cards. By doing this, users can efficiently compare the pinned card to every
other card in the set.

Finally, once a player is certain that a card is in its correct position, they can finalize it by
clicking a check mark in the card’s top left corner. A finalized card can no longer be opened or
moved. In Figure 7 we can see that the user finalized a card at position [1], turning it green.
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Additionally the user pinned a card at position [2]. The outlined pin at position [4] indicates
that this card can be pinned, moving the pin from position [2] to position [4].

Figure 7: Users can pin one card at a time, allowing them to compare it to other cards efficiently.
Users can also finalize cards, marking it as in its correct position. Finalized cards turn green and
can no longer be opened or moved.

3.3 Component Overview

As we can see in Figure 8, the game features four primary components. These components
are the side menu 1 , positioned on the left, which provides access to key navigation options.
On smaller screens, the side menu can be conveniently toggled on or off using a menu button,
ensuring an uncluttered interface and easy access even on compact devices. The central game
board 2 serves as the main interactive area, where users engage with the sorting challenges.
Complementing these are the top menu 3 and the bottom menu 4 , which offer additional
controls and information to support the gameplay experience. In the following, we will delve
into each of these components, exploring their individual roles, functionality, and contributions
to the app’s overall design and usability.
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Figure 8: The four primary components: the side menu (1), the game board (2), the top menu
(3), and the bottom menu (4).

Side Menu The side menu is a key component of the application, providing users with com-
prehensive customization options to tailor the gameplay experience according to their preferences
and learning goals. It allows users to choose from four distinct modes: Free Play Mode, which
offers an unrestricted environment for exploring sorting concepts, and three algorithm-specific
modes:

• Bubble Sort

• Insertion Sort

• Selection Sort

which focus on teaching the respective algorithms in detail. When an algorithm is selected, users
must follow its exact steps to sort the cards as the algorithm would. Furthermore, the side menu
enables the configuration of several parameters, including the number of cards, which can range
from 6 to 20, the type of card values (either numbers or letters), and the method for generating
card values, which can be either sequential or random.

The sequential generation option assigns values that directly correspond to the number of
cards selected. For instance, if the user selects 6 cards, the values will range from 1 to 6 when
numbers are chosen, or from A to F when letters are selected. In contrast, the random genera-
tion option generates values within a predefined range: numbers are randomly selected integers
between 1 and 100, while letters are randomly selected from A to Z, with no duplicates in either
case. This flexibility ensures that users can experience a variety of scenarios, from structured
sequences to unpredictable distributions, supporting diverse educational objectives.
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Additionally, the side menu includes a Workshop Mode, designed for educational settings such
as workshops or classroom environments. When activated, this mode enables advanced features
for tracking user statistics, providing valuable insights into user interactions and performance
during group activities or supervised learning sessions.

As shown in Figure 9, the side menu is designed to enhance usability, particularly on mobile
devices. Radio buttons were chosen for most configuration options, such as mode selection, value
type, and generation method. This design decision minimizes the number of clicks required,
providing a streamlined and efficient interface compared to dropdown menus. The thoughtful
layout of the side menu ensures that it is both intuitive and functional, catering to both casual
users and educators while aligning with the app’s educational objectives.

Figure 9: The side menu displaying randomly selected settings.

Figure 10 illustrates the generation of cards based on the selected settings. In this example,
the user has chosen ten cards with randomly selected letters. Since insertion sort is the selected
sorting algorithm, a red dot appears above the card with the highest index opened so far. This
visual cue helps the user remember where to open the next card after correctly inserting the
current one.
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Figure 10: Card generation based on user-defined settings, with a red dot indicating the highest
index reached so far in insertion sort.

Game Board The main interaction area during gameplay is facilitated by this component,
which dynamically generates and displays the cards based on the user’s selected settings. The
cards are arranged in a grid layout, with each row accommodating up to six cards.

If the number of cards exceeds six, they are distributed as evenly as possible across multiple
rows. When the total number of cards does not divide evenly into full rows, the bottom row
contains fewer cards than the others. This ensures a visually balanced and intuitive arrangement
that optimizes user interaction.

For example, if nine cards are generated, they are distributed into two rows: the first row
contains five cards, while the second row contains four. Similarly, as illustrated in Figure 11,
if thirteen cards are generated, they are arranged across three rows, with the first two rows
containing five cards each and the bottom row containing three.

This layout ensures a balanced and intuitive arrangement, optimizing user interaction with
the cards.

14



Figure 11: Card arrangement during gameplay. The cards are distributed in a grid layout with
up to six cards per row. When the total number of cards does not divide evenly, the bottom row
contains fewer cards.

Initially, the cards are laid out closed, meaning their values are hidden. The user can toggle
a card between the closed state (equivalent to face-down) and the open state (equivalent to face-
up) by simply clicking on it. However, only at most two cards can be open at any given moment.
If the user clicks on a card while two cards are already open, the two open cards automatically
return to the closed state, and the clicked card is toggled to the open state. This also means
that if cards A and B are currently open, clicking on card B will simply close card A without
affecting card B’s state.

As shown in Figure 12, the app includes a feature that allows users to pin an open card, with
only one card being pinnable at a time. This is done by clicking the blue circle in the top right
corner of an open card, filling the circle with a blue dot. A pinned card remains open even when
a third card is flipped, ensuring that only the unpinned open card is automatically closed in such
cases. This functionality enables users to efficiently compare a pinned card with multiple other
cards, streamlining the sorting process. Furthermore, this feature is essential for implementing
the selection sort algorithm, as it can effectively mimic the behavior of the ’current smallest
element’ pointer.
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Figure 12: The pin feature being used to mark the ’current smallest card’ in order to efficiently
compare it to other cards.

Finally, users have the option to finalize a card. A finalized card is closed and turns green,
visually indicating that it has reached its final position. In Free Play Mode, users can undo the
finalization of a card, offering flexibility during experimentation. This feature helps users track
which cards are already sorted, reflecting how some sorting algorithms indirectly identify finalized
elements. For example, after the first iteration of bubble sort, the last card is guaranteed to be
in its final position. Similarly, after the first iteration of selection sort, the first card is finalized
in its correct position. Figure 13 illustrates how this feature is utilized in bubble sort. After
completing one iteration, the algorithm determines that the last element is correctly positioned
and can therefore be finalized.

16



Figure 13: After one iteration of bubble sort, the last element is finalized as it is in its correct
position.

In Figure 14 we can see all possible card states. Card [1] is finalized and therefore closed.
Cards [2] and [3] are open, with card [3] also pinned. Card [4] is closed.

Figure 14: All possible card states.

Top Menu The top menu contains three buttons: one on the left and two on the right, as shown
in Figure 15. The left button opens the side menu we described earlier. The two buttons on the
right provide options to reset the game. The first button, ’Zurücksetzen’, restarts the current
game. This puts all cards in their original position and face-down state while also resetting the
statistics. The second button, ’Neue Karten’, fully resets the game by generating a new set of
cards while keeping the current settings. Both buttons undo any sorting progress made by the
user.

17



Figure 15: The top menu contains a side menu button on the left and two reset buttons on the
right.

Bottom Menu The bottom menu, as shown in Figure 16, provides essential game statistics
and an interactive button for swapping cards. It displays three key values:

• Verglichen (Comparisons): The number of times two cards have been compared. This
value increases whenever the user opens two cards.

• Getauscht (Swaps): The number of times two cards have been swapped.

• Fehler (Mistakes): The number of incorrect actions made by the user. A mistake is recorded
whenever the user performs an action that is not the expected next step according to the
currently selected sorting algorithm.

However, in Free Play Mode, mistakes are never recorded since there is no predefined
sequence of steps. Users are free to sort the cards however they wish without penalty.

On the right side of the menu, there is a Karten Tauschen (Swap Cards) button. This button
remains inactive by default and only becomes available when exactly two cards are selected.
Pressing the button swaps the selected cards and updates the corresponding statistics.

Figure 16: The bottom menu displays the game’s statistics and provides a button to swap selected
cards.

3.4 Action List

The action list defines the sequence of steps that users must follow to mimic a specific sorting
algorithm. It serves as a step-by-step guide, ensuring that the user performs the correct opera-
tions in the correct order. The list is structured as a queue, where the first action in the queue
represents the next required step. As the user completes actions, they are removed from the
queue, and the next step becomes available.

Available Actions Users have four possible actions:

• Open: Reveal the value of a card by selecting it.

• Swap: Exchange the positions of two open cards.

• Pin: Keep a selected card open so that it remains visible when another card is selected.
This is primarily used in selection sort to track the smallest element found so far.

• Finalize: Confirm that a card is in its final sorted position, preventing further modifications.
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Queue-Based Action Handling The action list is initialized after the cards are generated
and is built based on the selected sorting algorithm. The list dictates the exact sequence of user
interactions by enforcing a queue-like structure, where the next expected action is always the
first element in the queue.

For example, all available sorting algorithms begin with an open action for the first two cards:

open([0,1])

This means that the user must open either the card at index 0 or the card at index 1. If the user
selects index 0, the action list updates, removing open([0]) and leaving:

open([1])

Once the user selects index 1, the next action might be:

swap(0,1)

Indicating that the user should swap the two selected cards.

Example: Selection Sort Action List Selection sort uniquely utilizes the pin function to
track the smallest element found so far. To illustrate how the algorithm is represented in the
action list, consider five unsorted cards with the following values:

[3, 2, 1, 5, 4]

The goal is to sort these cards in ascending order by repeatedly selecting the smallest remain-
ing card and swapping it into its correct position.

1. open([0,1]) – Open the first two cards to compare them.

2. pin(1) – Pin the smaller of the two cards, i.e., value 2 at index 1, keeping it open.

3. open([2]) – Open the next card to compare it with the pinned card.

4. pin(2) – Since the newly opened card is smaller, pin it (this automatically unpins the
previously pinned card).

5. open([3]) – Open the next card to compare it with the pinned card. Since the pinned
card is smaller than the opened card, we do not move the pin.

6. open([4]) – Open the next card to compare it with the pinned card. Again the pinned
card is smaller, so we do not move the pin.

7. open([0]) - Open the card at the first position.

8. swap(0,2) – Swap the smallest found element with the first position.

9. finalize(0) – Mark the first card as correctly placed.

10. open([1,2]) – Move to the next unsorted section and repeat the process.
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Dynamic Adjustment of Actions As the user interacts with the system, the action list
updates dynamically, or more specifically speaking the list of remaining actions, updates dynam-
ically. If the user performs the expected action, it is removed from the queue, allowing progress.
If an incorrect action is taken, the user is immediately notified with a mistake count increase
and an alert indicating the correct possible actions.

This structured approach ensures that users follow the correct sorting algorithm step-by-step,
reinforcing their understanding of sorting concepts through guided interaction.

3.5 Handling User Input

To ensure that the user follows the correct steps of the selected sorting algorithm, the system
processes and evaluates every input. This involves two key steps:

1. Mapping the user’s input to a corresponding action: The system must first interpret the
user’s interaction (e.g., clicking on a card, attempting a swap) and determine which prede-
fined action this corresponds to.

2. Validating the action: The system then checks whether the mapped action is allowed for
the current game state by comparing it to the first element in the queue. If the action is
incorrect, an alert is triggered, notifying the user and displaying the correct options.

Mapping the User’s Input to an Action Mapping the user’s input to an action involves
translating their interactions into one of the four predefined actions: open, swap, pin, or fi-
nalize. The system continuously monitors user inputs and determines which action is being
attempted. This process involves the following checks:

• Opening a card: When the user clicks on a face-down card, the system maps this action to
open at the corresponding index (e.g., open(0)).

• Swapping two cards: If two cards are already open and the user presses the swap button,
the system maps this action to swap with the indices of the open cards (e.g., swap(0,1)).

• Pinning a card: If the user pins a card by clicking the blue circle in the top right corner of
an open card, the system maps this action to pin at the card’s index (e.g., pin(0)).

• Finalizing a card: When the user confirms that a card is in its correct position by clicking
the blue check mark in the top left corner, the system maps this action to finalize at the
card’s index (e.g., finalize(0)).

Once the action is determined, the system checks whether it matches any of the currently
valid actions in the action list. If the action is valid, it is executed, and the system updates the
action list accordingly. If the action is incorrect, it is recorded as a mistake, and the user receives
immediate feedback in the form of an alert. This ensures that users follow the correct sequence
of steps required by the chosen sorting algorithm, reinforcing learning and understanding.
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Handling Incorrect Actions If the user performs an incorrect action, two things happen:

1. A mistake is recorded in the statistics.

2. An alert is displayed, notifying the user that they performed an incorrect action. The alert
also provides a list of all currently available correct actions, helping the user understand
what is expected.

For example, if the expected action is open([0,1]) but the user attempts to open card index
2 instead (open(2)), the system will trigger an alert, as shown in Figure 17. It is important to
keep in mind that the indices displayed to the users in the game interface start at 1 in order to
avoid confusion for beginners. However, the indices in the action list start at 0. This means a
card labeled [1] in the interface corresponds to index 0 in the action list.

Figure 17: Alert message displayed when the user selects an incorrect action. The system notifies
the user of the mistake and lists the available actions.

However, in Free Play Mode, incorrect actions are not tracked, and no alerts are shown,
allowing users to experiment freely.

3.6 Completion Feedback

Once the user successfully completes the sorting process, they receive a visual and textual confir-
mation of their achievement. An alert appears, notifying them that they have finished the game.
As shown in Figure 18, this alert displays the selected game mode and the total time taken to
sort the cards.

To enhance the experience, a confetti animation is triggered from the bottom of the screen
as a celebratory effect. By default, the confetti is launched once. However, if the user completes
the game with zero mistakes, the confetti animation is triggered three times as an additional
reward for a perfect performance.
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Figure 18: End-of-game alert displaying completion details and celebratory effects.

3.7 Backend and Workshop Mode

While the app is already feature-complete for individual learning, we recognized an opportunity
to extend its functionality by introducing a lightweight backend.

The backend enables educators to host structured workshops. By setting up a unique work-
shop key, an educator can allow students to submit their sorting statistics — including the
number of mistakes, swaps, comparisons, and completion time — after finishing a sorting ses-
sion. These submissions can be retrieved and displayed in a dynamically generated HTML table,
providing a clear overview of student performance. This feature facilitates discussions on differ-
ent sorting strategies, efficiency, and common mistakes, making abstract algorithmic concepts
more tangible.

The backend is designed to be easy to use, requiring only a few simple web requests. A
workshop session is started by calling:

https://example-sorting-workshop.com/start?key=<key>

Once active, students can connect by enabling Workshop Mode in the app. They will be
prompted to enter their name and the password (matching the provided workshop key), as shown
in Figure 19. After completing a sorting task, they can submit their results to the backend, where
the educator can view them via:

/submissions
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Figure 19: Users can connect to the workshop by entering their name and the password provided
by the workshop host.

Figure 20: The submitted results are shown in an HTML table.

Figure 20 shows what this looks like for the workshop host. For flexibility, all recorded
submissions can be reset using:

/reset

When the session concludes, the workshop can be stopped with:

/stop

Note: The URL used in this section is a placeholder for demonstration purposes only and
does not correspond to a real deployment.

At its core, this backend implementation serves as a foundation for future expansion, allowing
the app to move beyond individual learning and into structured learning environments. While
currently limited (see Section 7), it opens exciting possibilities for facilitating discussions on
the efficiency and trade-offs of different sorting algorithms, helping students develop a deeper
understanding of algorithmic decision-making.
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4 Usage

The app is designed to accommodate different user needs, whether someone wants to freely
experiment with sorting or follow strict algorithmic rules.

Players can interact with the cards in various ways to complete the sorting task. Beyond
individual use, the app also supports educational settings, allowing instructors to track student
performance and analyze sorting behaviors. Additionally, built-in statistics provide valuable
insights into how different algorithms operate, helping users understand efficiency, trade-offs,
and scaling behavior.

4.1 Playing the Game

The app offers two distinct ways to play: Free Play Mode, where users can explore sorting freely,
and Algorithm-Specific Mode, which enforces the rules of a chosen sorting algorithm. Both modes
allow players to interact with the cards by opening, swapping, pinning, and finalizing them, but
they differ in their objectives and constraints.

Free Play Mode In Free Play Mode, users have complete freedom in how they approach
sorting. They can open any cards at any time, swap them as they see fit, and use the pin and
finalize functions without restrictions. This means users can also unpin and unfinalize cards.
This mode allows for an exploratory and flexible approach, where users can develop their own
strategies or experiment with different techniques.

Because there are no constraints, players can choose to memorize all the card values before
sorting or progressively sort them step by step. The game only evaluates the result at the end.
Once all cards are finalized, it checks whether the sequence is correctly ordered and provides
feedback accordingly. This mode is particularly useful for self-guided practice and informal
learning.

A possible application of this mode is to introduce a workshop by allowing students to freely
experiment with sorting. They can record the time they need and count the steps taken to
complete the sorting. This data can then be used for discussion, where students reflect on the
mechanisms or algorithms they discovered themselves and compare them to well-known sorting
algorithms. After introducing and analyzing these established algorithms, the workshop can
transition to the Algorithm-Specific Mode.

Algorithm-Specific Mode In Algorithm-Specific Mode, players must strictly follow the steps
of a chosen sorting algorithm. Every action is checked against a predefined action list (see
Section 3.4), ensuring that the player sorts the cards exactly as the algorithm would. If the user
attempts an incorrect action — such as swapping elements before they should or finalizing a
card too soon — the game prevents the move and provides immediate feedback, explaining what
action should have been taken instead.

This mode helps players internalize how different sorting algorithms operate by actively guid-
ing them through the process. Since each algorithm follows a distinct strategy, the experience of
sorting varies depending on the selected method. A full example walkthrough for one algorithm
is provided in the next section.
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Full Insertion Sort Walkthrough To demonstrate how the game enforces algorithm-specific
sorting, this section presents a step-by-step walkthrough of a complete sorting process using
insertion sort. In this example, we apply insertion sort to a set of six cards, each containing a
random number between 1 and 100.

In Figure 21 we can see the game board with six face-down cards. The red dot indicates
the highest index opened so far (or [1] if no card has been opened yet), which provides some
additional help for users in finding the correct position for opening cards when using insertion
sort.

Figure 21: Insertion sort: The game board with six face-down cards.

As we can see in Figure 22, we start off by opening the first two cards. Whenever we need to
open multiple cards, we are allowed to open them in any order.
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Figure 22: Insertion sort: The first step is opening the first two cards, this can be done in any
order.

Since 17 is smaller than 75, we do not swap. We continue with opening the next pair of cards,
again in any order. In Figure 23 we can see that the card at position [2] is smaller than the card
at position [3], so we do not swap.

Figure 23: Insertion sort: The next pair of cards open for comparison.

In Figure 24, we start by opening the next pair. Here 94 is larger than 19 so we swap the
cards. Card 19 is now at position [3]. In the next step we compare the cards at positions [2] and
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[3]. Again card 19 is smaller, so we swap. We now compare card 19 (now at position [2]) with
the card at position [1]. Since 17 is smaller than 19 we do not swap.

Figure 24: Insertion sort: Card 19 is moved to its correct position.

We continue by opening the cards at positions [4] and [5]. This is where the red dot is very
helpful. Without it, it could be very hard to play the insertion sort because we had to remember
at which position we have to start opening cards again. As illustrated in Figure 25 we again find
a smaller card that needs to be swapped to its correct position. By repeatedly comparing it to
the card to its left and swapping if necessary, card 57 is moved to its correct position between
card 19 and card 75.
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Figure 25: Insertion sort: Card 57 is moved to its correct position.

In Figure 26 we repeat the same steps. In this case card 66 is swapped to its correct place
between card 57 and card 75.
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Figure 26: Insertion sort: Card 66 is moved to its correct position.

Since we inserted the last card to its correct position, we now know that the cards are sorted.
As a last step, we have to finalize all cards, as illustrated in Figure 27. In this example, our
action list for the insertion sort contains the final operation finalize([0,1,2,3,4,5]), i.e., we
have to finalize all cards in an arbitrary order. When finishing an insertion sort problem, this is
always the case. Bubble sort and selection sort typically finalize one card at a time by putting
it in its final position.
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Figure 27: Insertion sort: Finalization of the cards. If multiple cards can be finalized, the order
in which we finalize them does not matter.

As shown in Figure 28, after finalizing the last card we get a celebratory notification telling
us that we finished the sorting problem.

Figure 28: Insertion sort: After finishing the sorting problem, we get a celebratory notification.

For those curious, Table 1 shows the action list for this sorting problem.
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Action List
open([0,1])
open([1,2])
open([2,3])
swap(2,3)
open([1,2])
swap(1,2)
open([0,1])
open([3,4])
swap(3,4)
open([2,3])
swap(2,3)
open([1,2])
open([4,5])
swap(4,5)
open([3,4])
swap(3,4)
open([2,3])

finalize([0,1,2,3,4,5])

Table 1: Insertion sort: The full action list for this sorting problem.

4.2 Usage Scenarios

The app is designed for both individual use and structured workshops, allowing users to engage
with sorting algorithms in different contexts. While Standard Mode provides a flexible, self-guided
learning experience, Workshop Mode introduces additional functionality to support educators and
classroom activities.

Standard Mode Standard Mode is the default setting, intended for casual play and indepen-
dent learning. In this mode, users can freely select a sorting mode, configure settings such as the
number of cards and value distribution, and practice at their own pace. No external tracking
or data submission is involved, making it ideal for users who want to explore sorting concepts
without additional structure.

This mode is particularly useful for students practicing sorting techniques individually, as
well as for general exploration of sorting behavior.

Workshop Mode Workshop Mode is designed for classroom or workshop settings, enabling
educators to analyze student performance. To join a workshop, users enter a passphrase provided
by the instructor, which connects their session to the backend server. After completing a sorting
task, players can submit their results:

• Name: The identifier entered by the student.

• Mode: The sorting algorithm used.
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• Settings: The number of cards, value type, and value distribution.

• Comparisons: The number of times two elements were compared.

• Swaps: The number of swaps performed.

• Mistakes: The number of incorrect actions taken.

• Time: The duration it took to complete the sorting task.

These statistics help educators assess student progress, compare different sorting strategies,
and facilitate discussions on sorting efficiency and algorithmic thinking.

4.3 Statistics

Throughout the game, various statistics are tracked to provide insights into the efficiency and
characteristics of different sorting algorithms. By analyzing these metrics, players can develop a
deeper understanding of algorithmic performance and complexity.

For example, selection sort tends to perform many comparisons but relatively few swaps,
whereas insertion sort requires fewer comparisons and swaps in nearly sorted lists. Additionally,
users may notice that the number of steps required increases quadratically as the number of
cards grows, illustrating the time complexity of these sorting algorithms.

By observing these statistics in real-time, players can not only refine their approach but also
gain intuition for why certain algorithms are more efficient in specific cases.
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5 Development and Deployment

The sorting game app was developed as a cross-platform application, allowing the same codebase
to run on both Android and iOS. This approach reduces development effort, ensures consistency,
and simplifies maintenance.

To achieve this, the project used Ionic, Angular, and Capacitor, enabling the creation of a
web-based mobile app with native-like performance. These technologies ensure a seamless user
experience while maintaining a single, reusable codebase.

Beyond development, deployment involves configuring platform-specific settings, generating
installation packages, and publishing the app. This chapter covers the key technologies used, the
Android build process, and the steps taken to release the app.

5.1 Used Technologies

The sorting game was built using Ionic, Angular, and Capacitor, chosen for their cross-platform
support, modern web standards, and efficiency.

• Ionic provided a rich library of User Interface (UI) components, ensuring a responsive and
visually appealing design.

• Angular structured the app with reusable components and handled dynamic interactions.

• Capacitor packaged the Angular-based app as a native Android application, simplifying
deployment.

Together, these tools streamlined development, making the app functional, efficient, and easily
adaptable to different platforms. The next sections explain each technology in more detail.

Ionic Ionic is an open-source framework for building cross-platform mobile and web applica-
tions using web technologies such as HTML, CSS, and JavaScript/TypeScript [6]. It provides a
library of pre-designed UI components and tools that enable developers to create visually appeal-
ing and responsive applications with minimal effort. Ionic integrates seamlessly with frameworks
such as Angular, React, and Vue, and works in conjunction with Capacitor to provide access to
native device features.

In this project, Ionic was used to develop the user interface of the sorting game. Its extensive
library of ready-to-use components, such as menus, buttons, and grids, significantly reduced
development time while ensuring a consistent and professional design. Ionic’s flexibility allowed
for the customization of components to suit the specific needs of the app, such as creating an
interactive game board and dynamic feedback elements. As shown in Listing 1 and Figure 29,
Ionic components automatically adapt their appearance to match the platform on which the app
is running, such as Android or iOS. This ensures a native look and feel across devices without
additional effort from the developer.

The project also utilized Ionicons [7], Ionic’s built-in icon library, to enhance the app’s visual
appeal and usability. These scalable vector icons were used in buttons to provide intuitive visual
cues for users. The versatility of Ionicons allowed for consistent styling and seamless integration
into the overall design.
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Additionally, Ionic’s responsive design features ensured that the app could adapt seamlessly
to different screen sizes and orientations, enhancing the user experience on a variety of An-
droid devices. By leveraging Ionic, the project was able to achieve a polished, functional, and
maintainable user interface with a modern look and feel.

1 <ion-button fill="outline">Cancel </ion-button >
2 <ion-button >Confirm </ion-button >

Listing 1: The code to create two Ionic buttons.

Figure 29: The buttons created with the code from Listing 1 as viewed on Android (left) or iOS
(right).

Angular Angular is an open-source framework for building web applications [2]. It uses Type-
Script as its primary programming language and provides features such as a component-based
architecture, dependency injection, and tools for building dynamic, single-page applications. An-
gular simplifies the development process by enabling the creation of reusable components and
managing data binding between the user interface and application logic.

In this project, Angular was used to implement the core functionality and structure of the
sorting game. The framework facilitated the creation of modular and reusable components, which
were used to build the user interface elements such as the game board, menus, and feedback
dialogs. Angular’s reactive programming model supported the handling of user interactions and
updates to the game state, ensuring a responsive and interactive experience for players.

The example in Listing 2 demonstrates two-way data binding in Angular using [(ngModel)].
The <input> element allows users to enter text, which is immediately reflected in the <p> tag
displaying ’You typed: ...’. This synchronization is achieved through [(ngModel)], which binds
the userInput variable in the TypeScript component to the input field.

As shown in Listing 3, the AppComponent class defines userInput as a string. The templa-
teUrl property links the component to app.component.html, ensuring the connection between
the logic and the user interface. This approach simplifies state management and provides a
reactive user experience without requiring manual event handling.

1 <!-- app.component.html -->
2 <input type="text" [( ngModel)]="userInput">
3 <p>You typed: {{ userInput }}</p>

Listing 2: Two-way binding in Angular using [(ngModel)]. The input field updates the
userInput variable in real time.

1 /* app.component.ts */
2 import { Component } from ’@angular/core’;
3

4 @Component ({
5 selector: ’app -root’,
6 templateUrl: ’./app.component.html’,
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7 styleUrls: [’./app.component.css’]
8 })
9 export class AppComponent {

10 userInput: string = ’’;
11 }

Listing 3: Angular component with the userInput variable. The HTML file is linked via
templateUrl.

Capacitor Capacitor is a cross-platform native runtime developed by the Ionic team that
enables web applications to run as native apps on Android, iOS, and other platforms [3]. It
acts as a bridge between web technologies (HTML, CSS, and JavaScript/TypeScript) and native
device features, such as file storage, camera, and more. Capacitor supports Progressive Web
Apps (PWAs) by default, allowing developers to deploy the same codebase to the web alongside
mobile platforms.

In this project, Capacitor was used to package the Angular-based sorting game into a mobile
application for deployment on Android devices. Capacitor’s plugin system enabled seamless
access to native device functionality when required, ensuring that the app could operate efficiently
on mobile devices. Additionally, Capacitor’s ease of integration with Ionic allowed for streamlined
project setup and build processes, reducing the complexity of managing native builds.

By leveraging Capacitor, the project achieved cross-platform compatibility while maintaining
the performance and user experience expected of a native mobile app. Its flexibility ensures that
the app could be extended to other platforms, such as iOS or the web, with minimal changes to
the codebase.

5.2 Deploying the App to the Google Play Store

Deploying an Ionic app built with Capacitor to the Google Play Store involves multiple steps,
from setting up a Google Developer account to generating a release build and publishing it. This
section provides a detailed walkthrough of the steps we took.

Setting Up the Ionic Project for Production Before generating a release build, the Ionic
project should be configured for production:

1. Update the app’s id and name in capacitor.config.ts.

• The app id is a unique identifier for the application on Google Play Store. The app
name is the name that will be shown for the app on Google Play Store and on devices
that have the app installed.

2. Build the project for the Android platform. From the root directory, run: ionic capaci-
tor build android

3. Configure the app icon and splash screen:

• For details see [9].

4. In our case, we also set android:screenOrientation to landscape in android/app/An-
droidManifest.xml. This forces the app to always start in landscape mode.
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Configuring Android Project in Android Studio Capacitor uses Android Studio to man-
age the native Android project. To open the project:

1. From the project’s root directory, run: ionic capacitor open android

2. In Android Studio, we verified that the app builds and runs correctly by running it in an
emulator and a physical device connected via USB.

3. We ensured that the package name in android/app/build.gradle matches the one in-
tended for Google Play Store release.

To publish an app on Google Play Store, it must be digitally signed using a keystore.

Generating the Android App Bundle Google Play now requires apps to be uploaded as
an Android App Bundle (AAB) instead of a traditional Android Application Package (APK).

To generate a signed AAB file:

1. In Android Studio go to Build > Generate Signed Bundle / APK.

2. Select Android App Bundle and click Next.

3. Create a new keystore and store it securely. The keystore file will be required for future
updates.

4. Enter the keystore password, key alias, and key password and click Next.

5. Choose Release as the build variant.

6. Click Create to generate a signed AAB file.

Publishing to the App Originally we had planned to publish the app to the Google Play
Store right away. Due to Google’s one-time registration fee of $25 USD for developer accounts,
we decided to delay the release for now. For further instructions on how to publish apps on the
Google Play Store, we suggest to follow the official guidelines: [4, 5, 8].
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6 Related Work

Teaching sorting algorithms effectively has long been a challenge in computer science education.
Traditionally sorting algorithms are taught via visualization. A common approach to sorting
algorithm visualization is the use of bars of different heights, where elements are swapped and
moved dynamically, allowing users to observe the algorithm in action. Many web-based tools
provide such visualizations, helping students grasp the mechanics of different sorting techniques.
Additionally, code-based visualizations highlight the execution flow by synchronizing graphical
representations with the corresponding lines of code, making it easier to understand how loops
and conditions influence sorting operations.

Beyond visualization tools, interactive and game-based learning methods have been explored
to further engage students. These include sorting games, where users actively participate in
the sorting process rather than passively observing it. Research has shown that game-based
learning can enhance students’ understanding of sorting algorithms by providing an interactive
experience. For instance, Lim et al. [13] introduced a game-based learning approach for teaching
sorting algorithms in data structure courses, demonstrating that interactive engagement can
improve learning outcomes. This section explores existing sorting algorithm visualization tools
and educational applications designed to teach sorting.

The Existing Java-based Desktop Application The old Java-based desktop application
that our game replaces served as an inspiration for this project. Over the years, it has become
increasingly outdated, suffering from various bugs. Despite its limitations, the tool shares many
similarities with our app, which we can see in Figure 30. It features the same sorting algorithms
and includes a Free Play Mode (called ’Play Mode’), allowing users to experiment with sorting
freely. Additionally, it tracks the same performance statistics, such as the number of comparisons,
swaps, and mistakes. However, the old tool lacks certain usability features that we introduced.
For example, in insertion sort, it does not provide an indicator to help users find the correct
position to start opening cards again after placing a card in its final position. Furthermore, it
does not enforce immediate finalization of a correctly placed card, a requirement in our game
to better reflect how sorting algorithms operate. In addition to these improvements, our app is
designed to be cross-platform, running seamlessly on web browsers, Android devices, and other
modern environments. This ensures greater accessibility and usability, making it a more flexible
and convenient alternative to its desktop-only predecessor.
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Figure 30: The old Java-based desktop application.

Visualization Tools As mentioned earlier, many sorting algorithm visualization tools repre-
sent elements as bars of varying heights. One such tool is Sort Visualizer [14], which supports
the visualization of several common sorting algorithms. It offers customization options, allow-
ing users to adjust the number of elements being sorted. Additionally, it provides explanatory
content, including a description of each algorithm and a table summarizing its time and space
complexity. The tool also includes implementations of the algorithms in multiple programming
languages. Figure 31 shows how bubble sort is visualized in Sort Visualizer.

Figure 31: Sort Visualizer: Animated bars.

Another notable tool that goes beyond traditional bar-based visualizations is VisuAlgo [12].
In addition to animating sorting algorithms, it highlights the current line of code being executed,
providing deeper insight into the algorithm’s control flow. VisuAlgo supports multiple sorting
algorithms with customizable settings and includes the ability to pause the animation, making
it particularly useful for step-by-step analysis.
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Figure 32 illustrates how VisuAlgo simultaneously displays the elements being sorted and the
corresponding line of code being executed.

Figure 32: VisuAlgo: Animated bars and code.

Interactive Games The interactive Sort Game by Advanced ICT [1], shown in Figure 33,
supports both insertion sort and bubble sort. After the selecting an algorithm, the game repeat-
edly asks the users which action to take for the highlighted element until the values are sorted.
The available actions change depending on the chosen algorithm.
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Figure 33: Advanced ICT: Insertion sort game.

We also identified a game that closely resembles our own: the Playing Cards Sorting Challenge
[10], shown in Figure 34. Like our game, it features face-down cards that can be revealed by
clicking on them, with a limit of two open cards at any time. Players can swap cards using a
drag-and-drop mechanism and finalize their placement by clicking a checkbox. Additionally, the
game tracks the number of swaps made. However, unlike our game, it does not enforce specific
sorting algorithms, allowing users to sort freely without predefined constraints. This makes it
functionally similar to our Free Play Mode, where players can experiment with different sorting
strategies at their own pace.

Figure 34: Playing Cards Sorting Challenge.
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7 Limitations and Future Work

While the app successfully delivers an interactive and educational experience for learning sorting
algorithms, there are several areas where it could be further improved or expanded. This section
discusses some of the key limitations and outlines possible directions for future development.
Expanding platform support, enhancing backend functionality, providing more in-depth feedback
on sorting efficiency, and introducing additional algorithms are all potential areas for growth that
could enhance the app’s usability and educational value.

Expanding Platform Support (iOS) While expanding the app’s platform support to include
iOS was considered, we ultimately decided against it due to the additional costs and requirements
involved. Publishing an app on iOS requires an active Apple Developer account, which comes
with an annual fee. Furthermore, developing and testing the app for iOS requires access to
Apple-specific hardware, such as a Mac and an iPhone or iPad, which added further financial
barriers. Given these constraints, we chose to focus exclusively on releasing the app on the
Google Play Store.

Backend Functionality Currently, the backend implementation is minimal, primarily serving
as a way for students to submit their sorting results during workshop sessions. While this enables
basic performance tracking, there is significant potential for extending its functionality to create
a more interactive and structured learning environment.

One possible enhancement would be allowing the workshop host to push specific settings
to all participants. This could include selecting the sorting mode, the number of cards, and
whether numerical or alphabetical values are used. By standardizing these parameters across all
connected users, educators could ensure that students are working under the same conditions,
making performance comparisons more meaningful.

Another valuable feature could be synchronized sorting challenges. Currently, each partici-
pant works with a randomly generated set of cards, which means that direct comparisons between
students’ performances may not always be fair. By giving all workshop participants the same
set of cards, instructors could introduce competitive elements such as sorting races or structured
exercises where students analyze and compare different strategies for a given set of cards. This
would provide a more engaging experience while also fostering discussions on sorting efficiency
and best practices.

Algorithms Efficiency Feedback An exciting area for future work could involve providing
feedback to players in Free Play mode about the efficiency of their sorting process. After complet-
ing a sorting task in Free Play Mode, players could receive metrics comparing their ’algorithm’
against the predefined algorithms included in the app, such as bubble sort, selection sort, or
insertion sort. Metrics such as the number of comparisons, swaps, and time taken could help
players understand the trade-offs and performance characteristics of different approaches.

Additionally, integrating analysis based on artificial intelligence (AI) could elevate this feature
by detecting which known algorithm the player’s strategy most closely resembles. For instance,
AI models could analyze the sequence of actions and identify patterns akin to specific algorithms.
This insight could provide personalized feedback and further enhance the educational value of the
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app by encouraging players to reflect on their decision-making and learn more about algorithm
design principles.

Such a feature would not only make the app more engaging but also deepen the player’s
understanding of algorithm efficiency.

Additional Algorithms While the app currently focuses on bubble sort, selection sort, and
insertion sort due to their simplicity and educational value, additional algorithms could enhance
the learning experience and provide greater variety for users. One such algorithm is quick sort,
which is not only efficient but also relatively easy to visualize and simulate. Its ’divide and
conquer’ approach, where a pivot element is selected, and the list is partitioned into smaller
sublists, lends itself well to interactive gameplay. Players could intuitively sort cards by selecting
pivots and partitioning the array step by step.

Another potential addition is merge sort, which involves dividing the array into halves, sorting
each half, and then merging the sorted halves back together. Though slightly more complex than
quick sort, merge sort’s structured process can be broken down into manageable steps, making
it suitable for educational purposes. Visualizing the merging process could help learners better
understand recursion and hierarchical problem-solving.
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8 Conclusion

This project set out to modernize the way sorting algorithms are taught by replacing an outdated
Java-based desktop application with a more accessible mobile game. By emphasizing direct user
interaction, the game enables players to experience sorting algorithms firsthand, bridging the gap
between theoretical explanations and practical understanding. Through its structured gameplay,
the app helps learners develop an intuitive grasp of sorting logic while making the learning process
more engaging.

Beyond its role as a standalone educational tool, the app has also been designed to support
workshops, providing educators with a resource to facilitate hands-on learning. The introduc-
tion of a backend allows for student performance tracking, opening opportunities for structured
exercises and comparative analysis.

While the app successfully achieves its goal of making sorting algorithms more approachable,
there remains significant potential for further development. Future enhancements could focus on
expanding the selection of available sorting algorithms, refining the user experience, integrating
more advanced feedback mechanisms, or enhancing the backend functionality.

In conclusion, this project demonstrates how interactive learning tools can enhance algorith-
mic education by making abstract concepts more tangible. By continuing to refine and expand
upon this foundation, the app can further contribute to computational education, helping stu-
dents develop a stronger understanding of problem-solving strategies and algorithmic thinking.
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