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Abstract
With market demands for high-quality software, students need to
develop the necessary skills and knowledge to be better prepared
for industry demands. Serious games (SGs) provide a risk-free and
engaging environment that can better motivate students to put
theoretical concepts into practice. Thus, such games can be used
to assist the learning of good Software Engineering practices. This
paper presents a proposal for a SG aimed at teaching the SOLID
principles of software design. The purpose of this game is to intro-
duce students to these principles through an engaging experience
and improve the learning process.
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1 Introduction
Software developers require Software Engineering (SE) skills to
produce reliable, maintainable, and extensible software that is de-
manded by the market. However, undergraduates and recent grad-
uates often lack the skills expected by the industry [6, 14], which
can limit their employment opportunities.

This gap may stem from the predominantly theoretical nature of
many SE courses, where concepts are introduced through lectures
and later applied in course projects. Given the practical nature of SE,
this approach can reduce engagement and hinder the application of
knowledge to real-world problems [6, 8]. Moreover, the complexity
of advanced software design topics may limit their coverage in un-
dergraduate curricula [11], leaving students with few opportunities
to study and practice concepts such as the SOLID principles.

The SOLID design principles [12] promote scalable, maintainable,
and reusable object-oriented software [3]. Learning these principles
can help bridge the gap between students and industry practice.

This paper presents a proposal for a serious game aimed at in-
troducing undergraduate students to the SOLID principles through
code refactoring activities. The game seeks to complement under-
graduate SE courses by providing students with an engaging first
practical experience with software design principles.

2 Theoretical Background
2.1 Serious Games
Serious Games (SGs) refer to games that are designedwith a purpose
other than entertainment [6]. In education, they provide engag-
ing and risk-free environments where students can experiment,

learn from mistakes, and receive immediate feedback, increasing
motivation, engagement, and learning outcomes [6, 8].

In fact, a Systematic Literature Review (SLR) conducted by Kosa
et al. reported mostly positive outcomes of game-based approaches
in SE education [9]. Additionally, another SLR by Silva et al. revealed
that 97% of the studies reviewed report that using games is an
effective way to teach programming concepts [17].

For these reasons, SGs are particularly suitable for Software
Engineering education, where students benefit from repeated prac-
tice in realistic but risk-free scenarios. By combining instructional
objectives with interactive experiences, SGs can encourage experi-
mentation while reducing the fear of making mistakes.

2.2 Game-Based Learning
Game-Based Learning (GBL) is a methodology that integrates ed-
ucational content into games, providing immersive environments
that increase student engagement, promote active learning, and
can lead to more meaningful learning experiences than traditional
approaches [20].

By combining educational objectives with game mechanics, GBL
encourages students to actively participate in the learning process
while receiving immediate feedback in a motivating environment.
In addition to increasing engagement, GBL can improve learning
outcomes, academic performance, and the development of skills
such as problem solving and decision making [20].

Rather than presenting theoretical concepts through passive
instruction, GBL encourages students to construct knowledge by
solving problems, receiving immediate feedback, and reflecting on
the consequences of their actions during gameplay.

2.3 SOLID Principles
The SOLID principles [12] are five object-oriented design principles
intended to improve the modularity, maintainability, and extensi-
bility of software systems. The five principles are described below:

• Single Responsibility Principle (SRP): A class should
have only one reason to change.

• Open/Closed Principle (OCP): Software should be open
for extension but closed for modification.

• Liskov Substitution Principle (LSP): Subclasses should
preserve the expected behavior of their base classes.

• Interface Segregation Principle (ISP): Interfaces should
be smaller and more specific, avoiding unnecessary depen-
dencies.

• Dependency Inversion Principle (DIP): Code should de-
pend on abstractions rather than concrete implementations.
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According to Balim et al., empirical studies indicate that their
application reduces code smells while improving cohesion and
modularity, contributing to more sustainable systems; however,
these principles are still applied inconsistently in practice [3].

3 Related Works
The integration of SGs in SE education has been widely investigated
as an alternative approach to support the learning process and
increase student engagement, thereby improving students’ skills
and knowledge. Castro et al. [6] conducted a tertiary mapping on
how SGs are used for teaching SE. Themapping shows that software
design is among the least explored areas, revealing an unexplored
research field in the application of SGs.

This finding is further supported by Furtado et al. [7], who con-
ducted a Systematic Mapping about the use of SGs in the teaching-
learning process in SE. One of the research questions of their study
pertains to the context of SE in which SGs are applied, and none of
the reported SGs focus on the area of software design. Although the
most recent mapping was published two years ago, it still highlights
a lack of educational games focused on software design concepts.

Nevertheless, some studies have addressed advanced software
design concepts. Refactal [5] teaches software design through an
integrated refactoring environment in which students identify code
smells, reason about software quality using SOLID principles and
GRASP patterns, and apply design patterns to improve existing
code. The game emphasizes the interdependence of these topics
during refactoring tasks, encouraging learners to analyze design
trade-offs and justify their decisions.

Vahldick and Nolli [19] developed Relics of Chaos, a Serious Role-
Playing Game for introducing the Visitor design pattern. Players
complete instructional tasks involving class diagrams, source code
analysis, and identification of pattern elements in code fragments.
The game emphasizes initial understanding of the pattern through
activities aligned with lower cognitive levels of Bloom’s taxonomy
before requiring students to apply their knowledge.

Similarly, Alvarez and Cieza-Mostacero [1] developed a SG for
learning software design patterns through interactive exploration
and assessment activities. Players navigate three environments ded-
icated to creational, structural, and behavioral patterns, accessing
instructional materials and completing quizzes. The game com-
bines pattern descriptions, applicability information, class diagram
examples, and quizzes to support the learning of design patterns.

To the best of the authors’ knowledge, no serious game has
been proposed with the primary objective of teaching the SOLID
principles. While Refactal [5] includes SOLID, it adopts a broader
approach to software design that also addresses GRASP patterns
and code smells. In contrast, SOLID Tanks focuses specifically
on SOLID through code-refactoring challenges integrated into a
programming-and-combat context. Furthermore, SOLID Tanks com-
bines two automated assessment strategies: normalized AST com-
parison for structurally constrained refactorings and SonarQube-
based code-quality analysis for challenges that may allow multiple
valid implementations. This combination of SOLID-focused refac-
toring, gameplay integration, and automated assessment distin-
guishes SOLID Tanks from existing SGs for software engineering
education.

4 Game Design
The game was designed using MEDIEVAL (Method for Designing
Virtual Educational Instruments with a Playful Approach) [15], a
10-step framework to guide the development of serious games. As
part of this process, the Revised Bloom’s Taxonomy [10] was used
to define learning objectives, Endo-GDC [18] to organize the ed-
ucational game concept, and the Short Game Design Document
(SGDD) [13] to document planned features and design specifica-
tions. Figure 1 summarizes the MEDIEVAL steps and the project’s
current development stage.

Figure 1: The ten MEDIEVAL steps. Green, orange, and red
indicate completed, ongoing, and pending steps, respectively.

The learning objectives were defined at the Understand and
Apply levels of the Revised Bloom’s Taxonomy. The first is to un-
derstand the benefits of SOLID by interpreting the consequences of
code modifications, while the second is to apply SOLID principles
through code modifications. In the Endo-GDC, these objectives are
associated with the game’s pedagogical content: the SOLID prin-
ciples and the importance of code flexibility. Thus, students first
examine code that violates a target principle and its consequences
before addressing the design problem through refactoring.

In SOLID Tanks, players assume the role of an engineer responsi-
ble for defending a lunar base from alien attacks. The space-themed
setting was partly inspired by the arcade game Asteroids [2], par-
ticularly its concept of flying saucers appearing from outside the
screen, and adapted to provide context for the tank engineer role.
Designed for students with prior knowledge of object-oriented pro-
gramming, the game is also inspired by Robocode [4]. SOLID Tanks
adopts its programming-and-combat premise, but makes software-
design refactoring the central educational activity rather than tank
programming.

Each level focuses on a specific SOLID principle. Players refactor
C# source code that violates the target principle while preserving its
expected behavior. Once the solution satisfies the assessment crite-
ria, the player advances to a combat scene in which the tank defends
the lunar base. Some levels may also include optional refactoring
challenges involving multiple SOLID principles. These challenges
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are not required to unlock combat and reward players with power-
ups, such as shields or support drones, connecting programming
performance with gameplay rewards.

The game supports two alternative assessment strategies, with
only one assigned to each challenge. The first uses Roslyn, Mi-
crosoft’s .NET compiler platform, to compare normalized Abstract
Syntax Trees (ASTs) from the student’s solution and a reference im-
plementation. The comparison retains syntax node and token types
while normalizing identifier names and string literals, allowing
variations in class, method, variable, and parameter names. Class
signatures are sorted, making declaration order irrelevant. This
strategy assesses structural rather than textual or semantic equiv-
alence and is used for refactorings with a well-defined structure,
such as reorganizing responsibilities for the SRP.

The second submits the student’s source code to an ASP.NET
backend, which executes SonarScanner and retrieves SonarQube
static analysis metrics. ASP.NET provides a C#-based backend that
integrates the external analysis pipeline while separating code anal-
ysis from the game client. For open-ended challenges, configurable
metrics such as cognitive complexity, number of classes and func-
tions, and code smells are combined into a weighted heuristic score,
with weights adjusted per challenge. The resulting score determines
whether the solution satisfies the challenge’s quality criteria. This
strategy is more suitable for complex challenges involving multiple
SOLID principles and structurally different valid implementations.

Because the SonarQube-based strategy evaluates source-code
quality rather than behavior, it does not guarantee functional cor-
rectness. It currently verifies whether open-ended refactorings sat-
isfy the configured criteria, while behavioral testing remains a
limitation.

Unity was selected for its 2D game development support and
native C# environment, facilitating Roslyn integration. Figure 2
shows the programming and combat scenes. The visual indicator in
the programming scene informs whether the current code satisfies
the assessment criteria. The game remains under development, with
software implementation and asset production in progress.

At the current stage, the AST-based comparison and backend
SonarScanner analysis are implemented, together with the basic
tank and alien behaviors, user interface, code editor, and challenges
for SRP and OCP. Remaining work includes the other three SOLID
principles, optional challenges, level-specific combat, and refine-
ment of assessment metrics, tank and alien behaviors, and user
interface.

The remaining MEDIEVAL steps include playtesting and formal
evaluation using MEEGA+ [16]. The evaluation will assess aspects
of player experience and usability and investigate the extent to
which the game supports its intended learning objectives. The final
step will involve publishing the game and its results.

5 Conclusion and Future Work
With the growing demand for high-quality software, students need
skills required by the software market. However, given the practical
nature of SE, approaches centered on theoretical lectures followed
by software projects may reduce engagement and motivation. Edu-
cational games can complement traditional teaching by providing
engaging environments for applying SE concepts in practice.

Figure 2: Code editing and alien fight scenes.

This paper presented SOLID Tanks, a SG designed to introduce
undergraduates to SOLID principles through code-refactoring ac-
tivities. By combining practical programming challenges with im-
mediate feedback and rewards, the game provides an engaging
environment where students can experiment, reinforce their un-
derstanding of software design principles, and receive automated
feedback through the proposed assessment mechanisms, potentially
reducing the need for manual evaluation by instructors.

For future work, we intend to continue the game’s development,
conduct playtesting and formal evaluation according to the re-
maining MEDIEVAL steps, and deliver a fully functional version
implementing the proposed features and game design elements.

Artifact Availability
The game’s code, Endo-GDC and SGDD are available in the first
author’s GitHub: https://github.com/miguelsantosan/SOLID-Tanks
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