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Abstract

Robotics is a discipline gaining in relevance in the last
decades. Although it becomes appealing for students,
undergraduate courses related to robotics involve certain
mathematical and programming skills that usually dis-
courage students. In addition, teaching techniques fol-
lowed by instructors largely affect the engagement of stu-
dents and thus their academic results. A well-studied way
to overcome this situation is applying the so-called Learn-
ing through play paradigm in the form of Game-Based
Learning (GBL), which considers games to improve the
learning experience. In this work, we leverage an ad-hoc
computer video game to increase the students’ engage-
ment and marks in an undergraduate course of robot pro-
gramming using the robotic framework ROS2 and the 3D
simulator CoppeliaSim. The experience was conducted
on the academic year 2024/2025 when 45 students en-
rolled the course. The results have been evaluated using
questionnaires and statistical comparison with the previ-
ous four academic years.

Keywords — Game-Based Learning, Mobile robotics,
ROS2, CoppeliaSim

1 Introduction

Mobile robotics is a dynamic and interdisciplinary field
offered in various undergraduate engineering courses like
mechatronics, computer science, electrical, or mechan-
ical engineering programs (Alimisis, 2013; Siciliano &
Khatib, 2016). It introduces students to the core principles
of designing, programming, and controlling autonomous
and semi-autonomous robotic systems to navigate and in-
teract within diverse, often unstructured, environments.
This discipline provides the foundational programming
and math skills required for robots to sense their surround-
ings, understand their location, and move safely.

As a subject, it is particularly appealing to students,

eager to design and program robots like those seen in
movies (Papert, 1980; Benitti, 2012): fully autonomous
platforms capable of performing advanced and complex
tasks. However, the reality is quite different: on the one
hand, this discipline demands strong skills in math and
programming before tackling anything resembling an au-
tonomous robot, which hinders student progress. On the
other hand, most courses utilize educational kits or sim-
ulated environments to test a limited and isolated set of
robotic behaviors, such as localization or reactive navi-
gation. This notably affects student motivation, as they
become aware of the significant gap between their cur-
rent skills and their initial expectations of controlling real
and autonomous mobile robots (Pintrich & Schunk, 2002;
Deci & Ryan, 1985).

These two aspects, inherent to undergraduate mobile
robotics courses, largely reduce students’ commitment to
the subject, adversely impacting not only their final scores
but, more critically, their comprehension of the mate-
rial. Unfortunately, there is little room for improvement
in those directions: math is math, and simulation tools
are mandatory due to budget restrictions (Ruiz-del Solar,
2010; Eguchi, 2014). However, it has been demonstrated
that some strategies can be used to avoid losing motiva-
tion and interest in the subject (Yu et al., 2021), seek-
ing to enhance engagement, curiosity, and active partic-
ipation in the learning process with hands-on experiences
and challenge-based activities.

One widely used methodology is Project-Based Learn-
ing (PBL) (Kokotsaki et al., 2016), where students work
on comprehensive, real-world projects designed by the in-
structor. PBL emphasizes hands-on experiences, collabo-
ration, and critical thinking, requiring students to apply
their knowledge in practical scenarios. This method fos-
ters a deeper understanding of concepts while allowing
students to work on meaningful, real-world applications
rather than isolated exercises. However, implementing
PBL often involves the use of both hardware (sensors, ac-
tuators, computing units) and software tools, which may
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not always be accessible.

Another approach is gamification (Deterding et al.,
2011), which integrates game-like elements into the learn-
ing process to improve student engagement. For exam-
ple, students may earn rewards or badges for successfully
completing assignments. This method encourages partici-
pation and introduces a competitive element that can boost
motivation. However, gamification often functions as an
alternative grading mechanism rather than fundamentally
changing the learning experience.

A more immersive alternative is game-based learning
(GBL), where actual games (either pre-existing or specif-
ically designed for the course) are used as an integral part
of the teaching experience (Plass et al., 2015). In this ap-
proach, students learn through gameplay, actively design-
ing and implementing their own strategies within a game
environment that is provided by the instructors. Moreover,
when structured as a competitive tournament, game-based
learning further increases student commitment (Lin et al.,
2017; Connolly et al., 2012), encouraging creativity and
problem-solving. Yet, applying this educational method-
ology to certain subjects can be challenging, and develop-
ing the necessary game environment requires significant
preparation.

In this paper, we present our experience in apply-
ing a game-based learning approach to an undergradu-
ate robotics course focused on teaching the fundamentals
of mobile robot programming using the widely adopted
Robot Operating System 2 (ROS2) with C++. Specifi-
cally, the course, "Robot Control and Programming,” is
a one-term subject in the final year of the Degree in Elec-
tronics, Robotics, and Mechatronics Engineering in our
University. This approach not only reinforces key con-
cepts in ROS2-based mobile robotics but also enhances
student engagement by transforming a technically de-
manding subject into a motivating and enjoyable learning
experience. By introducing a competitive, game-like envi-
ronment, students perceive the course as both challenging
and fun, increasing their dedication and fostering a deeper
commitment to mastering the complexities of robot pro-
gramming.

2 Literature Review

In this section, we review the literature on GBL when ap-
plied to robotics education, focusing on those works that
deal with courses on robot programming.

Games are characterized by interactivity, fun, and en-
tertainment. When adapted for educational purposes, they
can create a learning environment that offers more plea-
sure and less pressure to students (Lin et al., 2017). Defi-
nitions of game-based learning mostly emphasize that it is
a type of game play with defined learning outcomes (Plass

et al., 2015), that is, it is not just the inclusion of a video
game in the class, but a tool to facilitate the learning
process of specific, usually complex and abstract, con-
cepts (Malone & Lepper, 1987).

While GBL has demonstrated potential to improve
student motivation and learning outcomes in STEM
fields (Connolly et al., 2012), its effectiveness varies de-
pending on implementation quality, alignment with learn-
ing objectives, and student profile (Boyle et al., 2016).
For instance, some studies report increased engagement
but limited long-term knowledge retention or insufficient
skill transfer (Kebritchi et al., 2010; Vandercruysse et al.,
2012).

On the field of robotics education, this methodol-
ogy has been successfully applied in a variety of cases
like (Pareto et al., 2019) or (Hamada & Sato, 2011). A
particular and interesting case is (Sochol & Fazelpour,
2024) in which a commercial and well-known video game
“The Legend of Zelda” is considered in the study and de-
sign (prototype and test) of robot configurations.

When focusing on the programming part of robotics,
works like (Mubarrat, 2024) present experiences on pro-
viding an accessible virtual reality game that combines
elements of puzzle-solving with robotics learning, aiming
to cultivate interest and motivation in robotics, program-
ming, and electronics among individuals with limited ex-
perience in these domains. Similarly, in (Mathrani et al.,
2016) a study demonstrates that a GBL approach to en-
gage students in learning and enhancing their program-
ming skills is feasible, while in (Thanyaphongphat et al.,
2020) GBL is applied to improve students’ comprehen-
sion of loop concept regarding their coding and program-
ming practices in an academic course.

Nevertheless, many of these studies focus primarily
on short-term engagement or self-reported metrics rather
than controlled assessments of learning effectiveness (Vi-
denovik et al., 2023). Moreover, there is limited discus-
sion on cognitive overload or distraction, which some re-
searchers have identified as potential drawbacks of poorly
designed educational games (Wouters et al., 2013).

Although not strictly categorized as GBL, robotic chal-
lenges and competitions have gained popularity as effec-
tive educational tools that share similar objectives with
GBL approaches (Chew et al., 2009). These events pro-
vide a realistic and competitive environment where stu-
dents must design, program, and optimize robotic sys-
tems to outperform other teams, often from different uni-
versities. By incorporating elements of problem-solving,
teamwork, and strategic thinking, these competitions fos-
ter engagement and hands-on learning, reinforcing tech-
nical skills in a dynamic and high-stakes setting.

However, participation in such competitions is often
limited to a select group of students, leaving many oth-
ers without the opportunity to engage in these enriching
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experiences. GBL seeks to bridge this gap by bring-
ing the essence of these challenges into the classroom
through a video game environment, allowing all students
to experience competition, problem-solving, and hands-
on robotics programming in an accessible and engaging
way.

Finally, it must be stressed that while GBL has been
widely adopted in general robotics education, its appli-
cation to mobile robotics, and more specifically to the
teaching/learning of the Robot Operating System (ROS2)
programming (Macenski et al., 2022), is still an emerg-
ing area. ROS2 is a flexible framework for writing robot
software, widely used in both academia and industry.
In this sense, one notable initiative is the ROS2-based
simulation environments (Rohmer et al., 2013; Koenig
& Howard, 2004) that allow students to program virtual
robots in gamified scenarios, facilitating learning in a risk-
free setting. These platforms are the base of GBL ap-
proaches (Zhang et al., 2024), enabling the development
of game initiatives based on robust and versatile robotic
simulators.

However, the use of such simulators also introduces
technical challenges related to setup complexity, hard-
ware requirements, and debugging overhead, which can
hinder learning if not properly scaffolded (Ally & Prieto-
Blazquez, 2014). Additionally, negative outcomes such
as frustration, gaming the system, or superficial engage-
ment have been reported when feedback mechanisms or
assessment criteria are not clearly aligned with learning
goals (Lavoue et al., 2019).

The integration of GBL into robotics education, par-
ticularly in mobile robotics and ROS2 programming, of-
fers promising avenues to enhance student engagement
and comprehension. By contextualizing learning within
interactive and practical scenarios, GBL can bridge the
gap between theoretical knowledge and real-world appli-
cation, preparing students for future challenges in robotics
and related fields.

3 Learning Design

This section details the pedagogical framework and prac-
tical implementation of the game-based learning (GBL)
approach within the ”Robotic Control and Programming”
course. We outline the course structure, the specific learn-
ing objectives targeted by the GBL intervention, the de-
tailed tasks students undertake to achieve these objectives,
and the underlying pedagogical principles guiding this de-
sign.

Concretely, the proposed game: “Battle Royale: Only
One Survives”, is a competitive robotics challenge where
students must program a differential-drive robot using
ROS2 and C++ to survive in a dynamic environment while

competing against other student-programmed robots. The
students are motivated with the following instructions:

Battle Royale: Only One Survives

In a dystopian world, the population is
divided into different clans, whose rivalry
is put to the test every year in the Battle
Royale, a robotic showdown where the best
engineers from each clan must design a robot
to represent them in a battle where only one
can remain standing. The clan represented
by the winning robot will dominate the world
for a year, seizing the resources of the losing
clans, who will be plunged into darkness and
poverty.

Your clan has chosen you for this glorious yet
perilous task. Your mission is to design and
implement the necessary algorithms to ensure
your mobile robot survives on the battlefield,
eliminating all enemy robots.

3.1 Course Overview

The “Robotic Control and Programming” course is a 6
ECTS subject (European Credit Transfer System (Com-
mission et al., 2015)), corresponding to 150 hours of stu-
dent engagement. The course spans 15 weeks, with stu-
dents attending two theoretical sessions and one labora-
tory session per week, each lasting 1.5 hours.

The instructors (authors of this contribution) have been
involved in teaching this subject for over a decade, contin-
uously striving to enhance engagement while keeping the
curriculum aligned with advances in robotics. The course
is divided into two main blocks: Manipulator Robotics,
and Mobile Robotics. It is in the latter block where the
game-based learning methodology has been specifically
applied (although it is projected to include the manipula-
tor part in the next years). In the mobile robotics module,
students delve into the following key areas:

¢ Introduction to Mobile Robotics: Covering funda-
mental concepts, including robot morphologies, ap-
plications, and common sensor types.

* Kinematics and Motion Models: Students explore
holonomic and non-holonomic systems, focusing on
differential-drive robots and the modeling of uncer-
tainty in robotic movement.

* Localization Systems: The curriculum includes an
in-depth study of sensors for localization, noisy
measurement handling, and the application of Least
Squares Estimation (LSE) and Particle Filter (PF)
based localization methods.
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¢ Programming and Control via ROS2: This core
component focuses on the practical implementation
of robot control and programming using the widely
adopted Robot Operating System 2 (ROS2) frame-
work (Macenski et al., 2022) with C++.

Historically, the course has encountered common chal-
lenges faced by many robotics subjects. Students fre-
quently experience a decline in motivation as they recog-
nize that the practical work predominantly involves sim-
ulations and simplified exercises, despite the prerequisite
of robust programming and mathematical foundations. Is
at this point where the integration of a competitive game-
based experience aims to transform this technically de-
manding subject into a more engaging and motivating
learning process, thereby fostering sustained student com-
mitment and deeper mastery of essential robotics skills.

Concerning the evaluation criteria, and taking into ac-
count the GBL approach, the final grade of the course is
composed of: (i) quizzes and questionnaires: up to 60%,
(ii) individual projects: up to 15%, and (iii) the game-
based learning activity, conducted as teamwork in groups
of 2-3 students, making up to 25%.

3.2 Student Tasks and Learning Objectives

The game-based experience is meticulously designed to
align with specific learning objectives, requiring students
to complete a series of technical tasks. Through these
tasks, students not only apply theoretical knowledge but
also develop critical problem-solving and programming
skills. The key tasks include:

1. Setting up a ROS2 Development Environment:

* Students must create a functional ROS2
workspace and integrate a provided bridge
package. This package is crucial for enabling
seamless communication between their robotic
code and the game engine.

* They are required to modify predefined project
files to customize their robot’s parameters and
initial configurations within the simulated envi-
ronment.

2. Developing Autonomous Decision-Making Algo-
rithms:

* Students will implement sensor-based naviga-
tion routines, primarily utilizing data from laser
scanners to perceive the environment.

* They must design robust obstacle avoidance be-
haviors to ensure the robot’s safe movement
within the game arena.

* A significant challenge involves programming
sophisticated combat strategies, requiring deci-
sions on when to evade threats or actively en-
gage enemy robots.

3. Interacting with the Game Environment via
ROS2 Communication Mechanisms:

* Students learn to subscribe to ROS2 topics that
broadcast vital sensor data (e.g., laser scans,
odometry) and real-time game state updates
(e.g., enemy positions, power-up locations).

* They are responsible for publishing velocity
commands to control their robot’s movement
(linear and angular velocities) based on their
implemented decision-making logic.

* Effective handling of game mechanics, such
as managing power-ups and optimizing battery
consumption, is also a key programming task.

4. Testing and Refining Robot Performance in Sim-
ulation:

e Students conduct controlled experiments
within CoppeliaSim, the 3D simulator, to
thoroughly evaluate their robot’s behavior and
performance under various conditions.

» To refine their algorithms, they can train by
launching multiple instances of their own robot
for self-play or by testing against the robots
programmed by other teams. This iterative pro-
cess of testing and refinement is crucial for im-
proving robot intelligence and resilience.

3.3 Pedagogical Approach and Theoretical
Foundations

The design of this learning experience is rooted in several
and well established pedagogical theories, primarily GBL,
Constructivism, and Experiential Learning. As high-
lighted in the introduction, GBL leverages the inherent
engagement of games to facilitate learning. Our design
adheres to core GBL principles by integrating an actual
competitive game, “Battle Royale: Only One Survives”,
as a central component of the learning process. This shifts
the focus from traditional problem sets to an immersive,
goal-oriented challenge that intrinsically motivates stu-
dents through competition, immediate feedback, and clear
objectives within a safe, simulated environment. The nar-
rative framework of the game (the dystopian world and
clan rivalry) provides a compelling context that enhances
student commitment and emotional immersion (Plass et
al., 2015).
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Figure 1: Top view of the CoppeliaSim simulated arena
where students must battle with their respective pro-
grammed robots. Obstacles, chargers and power-up boxes
are randomly placed to increase complexity.

Moreover, a Constructivism approach (Amineh & Asl,
2015) posits that learners construct their own understand-
ing and knowledge through experience and reflection on
those experiences. In our approach, students are not pas-
sively receiving information but are actively building their
robot’s intelligence. They experiment with different algo-
rithms, observe the outcomes in the simulator, debug their
code, and iterate on their designs and ideas. The provision
of a base code, which students then customize, also aligns
with constructivist principles (see Section 4.3).

This hands-on, iterative process fosters deeper under-
standing and problem-solving skills, allowing students to
internalize complex ROS2 concepts and robotic behaviors
through direct application and discovery. This method-
ology aligns with experiential learning models (Kolb,
2014), emphasizing concrete experience, reflective obser-
vation, abstract conceptualization, and active experimen-
tation. By observing their robot’s performance against
other teams, students are guided to analyze their successes
and failures, fostering reflective observation.

Finally, the competitive nature of the “Battle Royale”
game naturally embodies challenge-based learning (Gal-
lagher & and, 2023), pushing students to autonomously
seek solutions and optimize their robot’s performance.
The teamwork component (groups of 2-3 students) en-
courages peer learning and collaboration, where students
share ideas, divide tasks, and collectively troubleshoot is-
sues. This collaborative aspect also mirrors real-world en-
gineering practices.

4 Methods

This section outlines the core components of the game-
based learning approach proposed for the ”Robotic Con-
trol and Programming” course. We start with a compre-
hensive description of the proposed game, elucidating the
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Figure 2: Close view of the elements in the battle arena:
(left) power-up box, (middle) unmovable obstacle, (right)
charging station.

rules and objectives of “Battle Royale: Only One Sur-
vives.” Subsequently, we describe the main technologies
involved, including the robotic framework and simulation
environment. Then, a discussion of specific aspects re-
lated to the game implementation is introduced, to end
with some essential information about the participants and
data collection methods used.

4.1 Game Description

As shown in Figure 1, the competition is set in a closed
arena surrounded by high walls, preventing robots from
escaping. The battlefield is populated with (i) randomly
generated obstacles, requiring students to implement ef-
fective path planning and obstacle avoidance strategies,
(ii) charging stations, adding a resource management
component to their strategies, and (iii) power-up boxes
that grant temporary advantages such as protective shields
or offensive weapons, e.g., a hammer to attack opponents.
Figure 2 depicts these elements as shown in the game.

The game scenario is simulated in Cop-
peliaSim (Rohmer et al., 2013) and interfaces with
ROS2, where students must develop autonomous strate-
gies (without direct manual control) for navigation,
obstacle avoidance, and combat. Each student team
represents a futuristic “clan” whose survival depends
on the effectiveness of their robotic warrior. The goal
is simple: eliminate all opponents and be the last robot
standing. More concretely, the game has been designed
taking into account the following aspects:

* Strategic freedom and fair competition: One of
the key aspects of the game is that students have full
freedom to design and implement their own strat-
egy, choosing between aggressive, evasive, or hybrid
approaches. Teams may opt for a combat-oriented
strategy, actively chasing and attacking opponents,
or may prioritize survival tactics, avoiding confronta-
tion, focusing on recharging and protecting them-
selves by using power-ups to outlast their enemies.
This flexibility in strategic design not only enhances
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the motivational aspect of the game but also allows
students to take ownership of their approach, foster-
ing creativity beyond the inherent complexity of im-
plementing it.

To ensure a fair competition, the robot configuration
is common to all the teams, that is, students program
the control logic of identical robots with the same
physical and sensory capabilities. The challenge lies
not in designing the best robot but in optimizing its
autonomous behavior to surpass opponents. This
levels up the playing field, making success depen-
dent on programming skills, decision-making, and
adaptability rather than hardware advantages'.

Dynamic and unpredictable environments: Every
time the game starts, the battlefield is randomly gen-
erated, guaranteeing a unique scenario for each com-
bat. Several factors contribute to this variability:

— Obstacles, charging stations, and power-up
boxes appear in different locations each round,
preventing students from pre-programming
fixed paths or behaviors.

— Power-up boxes relocate after being ac-
quired, introducing an element of opportunis-
tic decision-making that teams must take into
consideration, continuously scanning the envi-
ronment and reacting dynamically.

— Robots start from randomized initial positions,
ensuring that all strategies must be adaptable
rather than relying on predefined movement se-
quences.

* Robot model and sensor capabilities: The robot
provided to all teams is based on a differential-drive
vehicle, controlled through ROS2 /emd_vel com-
mands (see Figure 3), which set linear and angu-
lar velocities. Their primary sensor is a 2D laser
range finder, which provides distance readings for
walls, obstacles, and enemy robots within a 3-meter
range. Additionally, each robot receives high-level
information about the presence of nearby power-up
boxes and enemy robots within their field of view,
i.e. 3 meters distance, and 360° radius. Additionally,
students must integrate sensory data from the laser
scan in order to develop intelligent decision-making
strategies to interpret and act on the combined low-
level and high-level data.

For example, although the laser scan detects an ob-
stacle, the robot must determine whether it is a

Figure 3: Detailed view of the robotic platform the stu-
dents must program. (left) Basic differential-based robot,
(middle) with the “hammer” as an offensive weapon,
(right) with the protective shield. The top colored sphere
is used for team identification, sequentially assigning a
color to each participant.

power-up box (which should be collected by collid-
ing with it) or an actual barrier (which should be
avoided). Similarly, knowing the location of an en-
emy does not guarantee an accurate attack, as move-
ment patterns, obstacles, and power-ups can influ-
ence engagement success. Interestingly, teams are
notified about the presence of an enemy in the sur-
roundings but not about its state, e.g. whether it holds
a hammer. In this case, students should use the laser
scan data to determine the opponent’s features to im-
prove the decision-making strategy. Therefore, the
success of teams are closely related to the use of both
sources of information to define their tactics.

Moreover, introspective information about their own
robot is provided continuously, including:

— Their robot’s current location in the environ-
ment (i.e. their location)

— Battery level, which must be managed strategi-
cally to avoid running out of power. This is a
very important aspect of the game, as running
out of battery drastically reduces de velocity of
their commanded robot, becoming an easy and

attractive victim for other teams?.

— Active power-ups, such as shields or hammers.
The duration of these abilities is limited and
randomly set. Teams are notified when a new
ability is available for the robot as well as when
it has ended. There is no information about the
duration of such abilities, so students must also
consider this aspect in their decision-making
algorithms.

This combination of robot control mechanics, strategic
decision-making, and environmental randomness creates

IThe authors plan to explore also this possibility in the future, en- %In the game design we opted to not disqualify underpowered robots
abling students to design the robot morphology and hardware compo-  but permitting them to move slowly giving them the possibility to arrive
nents. at a charging station.
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a dynamic and engaging learning experience, where stu-
dents must constantly analyze, adapt, and refine their ap-
proaches to succeed.

4.2 Technologies and Software

The game-based experience presented in this work relies
on two key elements. The robotic framework ROS2 (Ma-
censki et al., 2022) which is the standard programming
framework in academia and has been intensively adopted
in the industry(Katherine & Tully, 2023), and the Cop-
peliaSim robotic simulator (Rohmer et al., 2013).

¢ ROS2 The Robotic Operating System (ROS) is a
meta-operative system that proposes a distributed
and modular philosophy in the implementation of
robotic applications. It integrates a number of pow-
erful tools that allow developers to focus on their
work, avoiding reinventing the wheel. It is open-
source, enabling researchers to share code and hard-
ware drivers.

The current version, called ROS2, has been widely
adopted as a standard by the robotic community
(Daubaris et al., 2024; He et al., 2022). It is re-
markable the figures from the ROS2 metrics report
in 2023 (Katherine & Tully, 2023) that account for
more than 900 companies using ROS2 and 550 mil-
lions of downloaded packages. Given this trend, it
is mandatory to teach ROS2 to students who aim to
orientate their professional career to robotics.

In a nutshell, ROS2 establishes the concept of
workspace that contains a number of packages,
which in their turn, contains nodes. These nodes are
actually executable programs that implement the de-
sired logic, e.g. a reactive navigation behavior, data
processing, etc. The nodes can be interconnected,
transferring data from one to another using different
mechanisms, such as topics (communication one to
many), services (communication one to one with in-
put and output data), and actions (similar to services
with feedback options).

The programming languages used in ROS2 are
mainly C++ and Python. In both cases, the students
must have a certain knowledge of the object-oriented
paradigm. In particular, in this course, C++ is cho-
sen as it is the programming language the students
learn in previous subjects, albeit Python is gaining
relevance and will be introduced in the course in the
future.

e CoppeliaSim The robot simulator Cop-
peliaSim (Rohmer et al., 2013), previously known as
V-REP, is an outstanding robotic simulator that has
largely evolved during the last decade. CoppeliaSim

* Bridge

.

& ROS2 CoppeliaSim

Figure 4: Block diagram of the game. The players (mo-
bile robots programmed by students) communicate with
the game engine (programmed in CoppeliaSim) through
a middleware/bridge that incorporates security and serves
as an access point.

includes several commercial robots, both mobile
and manipulator robots, sensors, and actuators. An
interesting feature of CoppeliaSim is the possibility
of importing standard robotic files, like URDF?, as
well as creating models of customized robots from
scratch. This simulator also implements different
physical engines in realistic scenes, including lights,
cameras, etc.

It must be emphasized that CoppeliaSim is used in
this project as the game engine. That is, the dynam-
ics and the behavior of the different elements present
on the scene are provided to the students as a closed-
game simulator, already implemented by the authors
of this work in collaboration with a bachelor’s thesis.
Therefore, students do not cope directly with Cop-
peliaSim, focusing only on programming their robot
through ROS2 to win the game. A preliminary ver-
sion was published in (Pérez Montes et al., 2024).

4.3 Game Implementation

As shown in Figure 4, the proposed game is structured in
three main components: Players, Bridge, and the Game
Engine. Next, we provide a detailed description of each
of them and their relations within the game.

* Players: Represent the mobile robots programmed
by each team using the provided API. Concretely,
they are implemented as ROS2 nodes programmed
in C++, employing topics and services offered by
the game engine to control their robots. To facili-
tate their development, students receive a base class
implementing a “dumb” or naive robotic warrior as
a starting point. This initial example helps students
understand the structure of the game and provides a

3Unified Robotic Description Format. It is a file that defines the dif-
ferent elements of a robot and their relations using the extensible markup
language (XML)
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foundation for developing an intelligent agent capa-
ble of competing against others in the arena.

Bridge: A middleware that, programmed as a ROS2
package, is in charge of managing the communi-
cations between the players and the game-engine,
adding a security layer and implementing some anti-
cheating measures. It should be noted that ROS2 is
a framework designed to operate and control robots,
but not specifically designed for video games. There-
fore, many of the mechanisms for communication
are open and susceptible to cheating. For exam-
ple, if players were allowed to command the robot
speeds directly to the game engine, they could con-
trol not only their robot, but also the opponents. This
middleware component seeks to avoid this by con-
trolling the flow of information between players and
the game engine. Players do not command their
robots directly but are forced to communicate with
the Bridge which, after checking the validity of the
command, forwards it to the corresponding robot in
the game engine. Concretely, this middleware is in
charge of:

— Registering new players in the game. When
a new team launches the code of their robotic
warrior, the Bridge informs the game engine,
and a new robot is created in the simulator.
Then, a set of private keys is shared with the
team to validate future commands, improving
the security measures.

— Implementing anti-cheating measures. De-
spite the shared keys between players and the
Bridge, it also inspects the communications
(topics) of all teams to ensure no one is trying to
read/write any channel that is not owned. That
is, the Bridge continuously checks if someone
(players or external programs) is trying to read
or write information in another’s team chan-
nels. Students are informed that in the case of
this happening, the Bridge will kick out the cor-
responding Player, finishing its participation in
the battle.

* Game Engine: Embodied by the CoppeliaSim simu-
lator, implements the game and the interaction of the
elements in it (robots, obstacles, chargers, etc.). It is
programmed in LUA as a set of multi-thread scripts
and is where the interaction, visualization, and sim-
ulation of the robots are performed. For example,
when a player is close to a charger, increases its bat-
tery level, else, continuously reduces it; when two
players are close to each other, determines according
to their temporal abilities (shields, hammer, etc.) if a
player kills another, etc.

4.4 Participants and Data Collection

The GBL experience, specifically the “Battle Royale:
Only One Survives” competition, was conducted with un-
dergraduate students enrolled in the "Robot Control and
Programming” course. This course is offered in the final
year of the degree in Electronics, Robotics, and Mecha-
tronics Engineering. A total of 45 students from the aca-
demic year 2024/2025 participated in the course and were
involved in the GBL activity. Of these, 6 were female and
39 were male, a gender distribution typical of engineering
programs. For the competitive game, students collabo-
rated in teams of 2-3 students, grouped in a total of 21
teams, to design and implement their robots’ autonomous
strategies.

Data Collection

To evaluate the impact of the GBL approach on stu-
dent engagement and academic outcomes, data were col-
lected through a combination of quantitative and qualita-
tive methods.

* End-of-Activity Questionnaires: Students com-
pleted questionnaires at the conclusion of the GBL
activity (see Section 5.1). These questionnaires
were designed to gauge their perceptions of engage-
ment, motivation, and the overall learning experience
within the “Battle Royale” game.

* Numeric Evaluation of Battle Performance: The
competitive battles held during the final days of the
mobile robotics component provided direct numeric
data on team performance. This included metrics
such as survival time, robots eliminated, and strate-
gic effectiveness, offering a quantitative measure of
skill application and learning.

* Statistical Comparison of General Grades: We
compared the final course grades of the current aca-
demic year with those from the previous four aca-
demic years (see Section 5.2). While this paper’s
primary objective is to demonstrate the impact on
student engagement rather than solely an increase in
grades, this comparison helps identify any broader
effects on overall academic performance. Yet, it’s
important to note that the GBL activity only targets
the mobile robotics component of the course, and
accounts for only 25% of the final score. A com-
prehensive statistical analysis of grade impact would
require controlling for various other factors that are
beyond the scope of this particular paper.
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4.5 Experimental Procedure

The game-based experience is presented to students from
the very first moment of the course to catch their attention
and to create expectations. The details of the game are
formally presented when a sufficient part of the course is
covered, i.e., after one month, when the students can start
programming their robotic warriors. In an initial phase,
the students are asked to form groups of two, although in
some cases, groups up to three members are allowed. Af-
ter this phase, students who are not in a group are assigned
manually by the instructors.

The experience continues in parallel with the course.
Groups are working on the design and implementation of
their robots while new concepts and materials are intro-
duced in the course. Students are free to incorporate any
algorithm and/or technique learned in the course, as well
as from any other source, such as GitHub or generative
AL

The deadline is the last day of the course, after approx-
imately two months. By the deadline, the students must
deliver:

* A ROS2 package containing the implemented solu-
tion: the C++ source files ready to be compiled.

* A PDF file with a short description of the design
decisions adopted, as well as the implemented algo-
rithms.

* A PDF file reporting the authorship of the presented
work, indicating the dedication of each component
of the group, as well as the sources consulted during
the development of their work.

* (Optional) A short video illustrating the performance
of the robot in the battlefield.

Competition Preparation

Before the competition, the instructor must prepare all the
submitted material. The ROS2 packages uploaded by the
students are combined in a workspace enabling the execu-
tion of some competitors within the simulation. To facili-
tate this process, the packages’ names and all the code are
identified by the group number.

As a first step, every package (that represents the war-
rior of a given group) must be successfully compiled.
Packages that do not compile are checked to solve minor
errors and name convention issues. In our experience, all
the packages correctly compiled and were ready for the
competition.

Competition Execution

Seven battles were programmed and projected in the
classroom on the last day of class. Students were asked to

attend the complete competition, and not only their battle,
in order to share the experience and learn from the solu-
tions implemented by other students.

In each battle, 3 teams deployed their warriors in the
simulator. The workspace was already prepared to auto-
mate the execution of the three nodes. During the sys-
tem initialization, the instructors interviewed the team
members about the implemented solutions and strategies
adopted.

Once each battle was launched, the three robots com-
peted on the battlefield until the winner was the only sur-
viving robot in the scene. A maximum duration of 10
minutes was set up to avoid long-run battles, in which
robots can run away and avoid any confrontation. Thus,
the result of a battle can be a victorious winner or end in a
draw. Note that due to time restrictions, winners of differ-
ent battles do not face each other in a single-elimination
tournament*.

5 Results and Discussion

The proposed game-based learning experience is engag-
ing for students; however, assessment remains a crucial
factor as they aim to successfully complete the course.
This experience contributes 25% to the final grade, and
the evaluation is based on the following criteria:

* The correctness of the proposed solution, that is, the
code compiles and the robot is able to move without
crashing.

* The techniques and strategies followed by the stu-
dents. The exploitation of all the available robots’
skills, and/or the use of robotic algorithms not cov-
ered in the course is valued.

* The performance of the robot during the competition.
The robot behaves intelligently, for example, target-
ing energy rechargers when the battery is low, chas-
ing enemies when they are armed, etc.

Note that the academic evaluation does not consider
whether a team wins or not. Although this might be frus-
trating for the winners, it is important to note the stochas-
tic behavior of the simulations where skills, like armors or
weapons, are randomly placed, and therefore a particular
team can luckyly get one of these skills at critical mo-
ments of the game. This issue was covered in the ques-
tionnaire described in the next section, revealing that the
students agreed.

4The code used in this experience, as well as a video of a game-
play can be found in https://github.com/ciprigithub/
rosgame
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Question Responses | Mean Score

Q1 | The idea of competing is an incentive for me to learn and 17 9.1
research how to improve my robotic application

Q2 | Ibelieve I have learned more about ROS2 through the 17 7.4
experience than I would have by doing multiple individual
exercises instead.

Q3 | What is your assessment of the experience from a pedagogical 17 8.5
perspective for learning ROS2

Q4 | Should competition between groups be encouraged more, even 17 5.7
by awarding a grade-based prize to the winner?

Q5 | Comments and suggestions 8 -

Table 1: Questionnaire. Students were asked to answer these questions anonymously by the end of the course.
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Figure 5: Histogram of student responses to four eval-
uation questions on the game-based learning experience.
Questions 1-3 received predominantly positive responses,
while Question 4, which addresses the mechanism for
awarding winning teams, exhibited greater variability.
Notably, one student systematically provided a response
of 0, which appears to be an outlier.

5.1 Questionnaire

In the last three weeks of the experience, the students were
asked to answer an anonymous questionnaire. A total of
17 students completed the 4 proposed questions (see Ta-
ble 1). The students used a Likert scale from 0 (low-
est/completely disagree) to 10 (highest/completely agree).
In addition, an optional free-text question was answered
by 8 students who wanted to contribute additional infor-
mation and valuable personal comments.

It must be noticed that the students in this course are
a very homogeneous group regarding age, programming
skills, and mobile robotics knowledge. Therefore, the
designed surveys do not aim to reveal individual differ-
ences among participants. While gender is the only poten-
tial differentiating factor, including it in the survey could
compromise anonymity due to the low number of female

Figure 6: Questionnaires’ Boxplot. The three first ques-
tions confirm the students’ satisfaction with the experi-
ence. The last question exhibits a larger variability of
opinions about awarding the winner in the evaluation with
extra points.

students (13.3%).

Figure 5 depicts the histogram for each question, while
Figure 6 shows a boxplot representation of the results.
As can be seen, the first three questions are related to
the students’ perception of the experience and its impact
in their learning process, reporting, in general, good re-
sponses. The fourth question received the lowest score
because it introduces the controversial issue of awarding
students who win the game, as previously commented.
Although the final goal is to win, some students claim that
this might be unfair given the random nature of the game.
This has also been reflected in the free-text question in
which the students explained this concern. Moreover, in
this free-text question, some comments confirm the satis-
faction and interest of the students in the subject due to the
game experience, while others report improvements in the
game’s dynamic, and/or complain about some bugs found
during the experience. One of the most relevant answers
to this free-text question is:
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Evolution of Course Grades
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Figure 7: Evolution of grades in the last 5 years. Results
of the enrolled students, including students who failed.
Notice the improvement of students’ marks over years.

"I think it’s a great idea to promote learning ROS2, and in fact 1
believe we learned much more with this than with many other
practical assignments. However, I also think that, on the other
hand, this group project required us to invest much more time
than if they had been regular exercises, and a lot of that time
wasn’t spent on ROS itself, but rather on debugging things like
speed limits, distances to avoid collisions, and behaviors in

response to scene information. .. "

Participants’ comments align to the one presented here
and reveal the engagement and dedication to the project
and the course. The concerns arisen by this comment are
really positive, since they indicate the students have been
faced real problems as they will have to face in the real
life.

It is remarkable that, however, one student was com-
pletely upset with the course and systematically scored 0O
on all questions. This is a spurious value that we suspect
was due to a student who failed to work on his group and
did not submit his implementation by the deadline.

Finally, it must be noticed that our evaluation faced a
significant limitation: only 37.78% of students completed
the questionnaires. Though instructors encouraged partic-
ipation, it wasn’t mandatory, resulting in a limited feed-
back. We suspect that some team members might have
completed the surveys collectively, but without data to
confirm this, we can’t draw further conclusions now that
the experience has concluded.

5.2 Grades Comparison

In addition to the questionnaires, we have studied the evo-
lution of the course’s grades in the last 5 years. Fig-
ure 7 shows the grades of the enrolled students, namely
D (Failed), C' (Pass), B (Merit), A (Distinction) and A+
(Honors). Note that the number of students who fail the

subject is low and stable over academic years, but the
number of students obtaining higher marks is increasing
year after year.

In this work, no control groups were considered within
the course to permit all the students to participate in the
experience. To obtain proper insights into the evalua-
tion, previous academic years were considered as con-
trol groups. Thus, academic years from 2020/2021 to
2023/2024 composed the control groups.

This comparison is possible since the participants in the
experience belong to a homogeneous group in terms of
age range, academic background, and prior exposure to
programming and mobile robotics concepts. Specifically,
the students were all enrolled in the same degree program
and attended the same course during the same academic
term, following an equivalent curriculum. Such homo-
geneity has been maintained along the courses we consid-
ered in the comparisons, and thus, the cohort differences
concerning previous academic years are negligible.

Given these hypotheses, a further analysis of the stu-
dents’ marks can be performed relying on the ANOVA
(Analysis of Variance) statistical method (Day & Fisher,
1937), that can be used to compare the average marks
of the studied academic years (Simpao, 2021; Ahmed
& Hamarai, 2022), in our case from 2020/2021 to
2024/2025. This test will help to understand if there is
any significant difference in the grades of the students of
the year 2024/2025 in which we applied the game-based
learning experience, with respect to the previous ones, in
which we did not use gamification.

The ANOVA test considers three assumptions: i) values
are normally distributed, ii) the variances of the groups
are homogeneous, and iii) values are independent. Condi-
tions 1) and iii) are met given the differences of the groups
of students between years and the normal distribution of
marks. To check the validity of the condition ii) we rely
on the Levene’s test (Levene, 1960) which is a statisti-
cal method that assesses the homogeneity of variances of
groups of data. In our case, the obtained p-value = 0.78
and since it is above the conventional threshold 0.05 we
can conclude that the variances are homogeneous. Once
three conditions are met, the ANOVA test can be applied.

The results of table 2 show that the p-value =
0.026292 for the F-statistic is under the commonly used
threshold of 0.05, and therefore the null hypothesis can be
rejected, concluding that there are significant differences
between the average scores of the considered academic
years.

To provide further insight into these results, we have
also conducted the Welch’s t-test (Welch, 1951) to com-
pare the marks of the last academic year with respect to
the combination of the previous four. The results yield a
t-Statistic t = 2.1 and p-value = 0.0399. This p-value,
under the 0.05 threshold, suggests that there is a statisti-
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Table 2: ANOVA Results

Sum of Squares Degrees of F-Statistic = P-Value
Freedom
Academic Year 25.371032 4 2.835076  0.026292
Residual 357.959127 160

Table 3: Cohen’s d effect sizes comparing Course 24/25
with previous cohorts

Comparison Cohen’s d
Course 24/25 vs Course 23/24 0.11
Course 24/25 vs Course 22/23 0.49
Course 24/25 vs Course 21/22 0.59
Course 24/25 vs Course 20/21 0.30

cally significant difference between the average values of
the grades for the 2024/2025 academic year with respect
to the combined grades from the previous years, i.e., from
2020/2021 to 2023/2024. These results confirm the effec-
tiveness of the presented GBL approach in the learning
process.

In order to study the effect size of the proposed experi-
ence, we have calculated two metrics, namely 72 y the Co-
hen’s d. Using the n? metric, which is appropriate when
ANOVA is considered, we study the effect size compar-
ing the marks of the academic year in which we carried
out the experience with respect to the lumped data from
the previous courses. The effect size calculated yields
n? = 0.066, which indicates a medium effect according to
conventional benchmarks: thus the 6.6% of the variance
in the grades can be explained by the proposed experi-
ence.

Additionally, to study the effect size comparing the last
academic year with respect to each previous year individ-
ually, we also consider the Cohen’s d metric (see Table
3).

Analyzing the results, it can be seen that there are mod-
erate differences between the academic course 2024/2025
with respect to the first three academic years in the com-
parison, i.e., 2020/2021, 2021/2022, and 2022/2023. Dur-
ing these three courses, we followed classical techniques
for teaching, i.e., lab exercises and theoretical classes. In-
terestingly, this difference is clearly reduced when com-
pared with the previous course during 2023/2024. This is
due to the fact that during this course, we started to in-
troduce a PBL experience as an initial step for the current
GBL described in this work.

The effect sizes indicate a small impact with respect
to the 2023/2024 and a medium impact with previous
courses. Although these values might be seen as reduced,
our results align with findings in educational research,

where modest effect sizes are common due to the com-
plexity of the learning environments (Hattie, 2009).

6 Ethical Considerations

The integration of competitive elements, such as the ”Bat-
tle Royale: Only One Survives” game, into an educational
setting introduces specific ethical considerations that war-
rant discussion. While competition can be a powerful
motivator, it also carries potential risks related to student
well-being, equity, and the true objectives of learning.
This section addresses these implications and outlines the
measures taken to mitigate potential negative outcomes.

Mitigating the Pressure of Competition

A primary concern in competitive GBL is the potential
for added pressure and anxiety among students, particu-
larly for those who may struggle or perceive themselves
as “losing”. To address this, it was explicitly communi-
cated to students that winning or losing individual battles
was not the ultimate objective of the game, nor did it di-
rectly translate into higher scores for the GBL component
of their final grade. The assessment for the GBL activity
(25% of the total score) was primarily based on the quality
of the submitted ROS2 package, the design documenta-
tion, and the authorship report, reflecting the effort, tech-
nical understanding, and problem-solving demonstrated
through the implementation process, rather than battle
outcomes. This approach aimed to shift the focus from
a win/lose binary to one of learning, iteration, and mas-
tery.

Student perception of this balance was also explored
through the end-of-activity questionnaires. Analysis of
responses concerning the competitive aspect revealed a
high variability in opinions, with some students embrac-
ing the competitive challenge as a motivator, while oth-
ers expressed concerns about performance pressure or the
perceived fairness of the battle outcomes. This variability
underscores the importance of acknowledging students’
diverse responses to competitive environments and rein-
forces the need for clear communication about evaluation
criteria.
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Promoting Fair Play and Preventing Unethical Behav-
ior

Competitive environments can, in some cases, inadver-
tently encourage unethical behavior, such as plagiarism
or excessive reliance on external resources without proper
attribution. To counter this, the submission requirements
included a detailed PDF file reporting the authorship of
the presented work, explicitly indicating the dedication of
each component of the group.

Similarly, another requirement was to list all sources
consulted during the development of their work, includ-
ing publicly available code (e.g., GitHub) or generative
Al tools (e.g., ChatGPT). This emphasis on transparency
and attribution was designed to uphold academic integrity
and ensure that the learning process remained centered on
individual and collaborative effort. Again, the goal was
not to win the battles, but to learn while playing.

Furthermore, the design choice to provide identical
robot configurations for all teams (as mentioned in Sec-
tion 4) was an ethical decision to ensure a fair playing
field. Success in the "Battle Royale” was therefore depen-
dent on the quality of programming skills, strategic think-
ing, and adaptability, rather than any inherent hardware
advantage or external resource disparity among teams.

Addressing Equity and Inclusion

While competition can motivate some, it may disengage
others, particularly those from underrepresented groups
or those with different learning styles who might prefer
collaborative or less high-stakes environments. The for-
mation of groups of 2-3 students was intended to foster
collaboration and peer learning, allowing students to sup-
port each other and distribute tasks. This structure aimed
to provide a more inclusive environment, mitigating the
isolation or pressure that might arise from purely individ-
ual competition.

Additionally, the opportunity for students to train and
test their robots against their own instances or other
teams’ robots in a simulated environment before the com-
petition aimed to reduce performance anxiety during the
final event. This allowed for iterative improvement in a
low-stakes setting, ensuring that all teams had ample op-
portunity to refine their strategies and code.

7 Conclusions

This work presents and evaluates a Game-Based Learning
(GBL) experience designed and implemented within an
undergraduate robotics course for learning ROS2 in a mo-
bile robotics context. At its core, the experience centered
around a competitive game where students developed and
programmed mobile robots to achieve specific objectives.

This GBL approach was carefully articulated throughout
an academic year, aiming to leverage the inherent moti-
vational aspects of competitive play in a technical learn-
ing environment. Our findings, particularly from student
feedback, resonate strongly with the observed benefits of
GBL approaches, highlighting improved motivation, ac-
tive participation, and deeper engagement, all characteris-
tic outcomes of well-designed GBL interventions.

Statistical analyses and metrics indicate positive differ-
ences in course marks for the cohort that participated in
the GBL experience. Beyond these quantitative outcomes,
the qualitative feedback from questionnaires was particu-
larly encouraging. We especially highlight how the free-
text responses underscored a deep level of student engage-
ment in the development of a competitive robot.

Our findings align with existing literature (Plass et al.,
2015; Lin et al., 2017; Mathrani et al., 2016) that empha-
sizes the benefits of integrating game-based learning to
enhance motivation, active participation, and the retention
of complex technical knowledge. This study contributes
to the field by applying GBL specifically within the con-
text of ROS2 programming in mobile robotics, an area
where detailed literature remains relatively sparse.

8 Limitations and Future Work

While our findings are promising, it’s important to ac-
knowledge that this study has certain limitations that
should be considered. First, the sample size is confined
to a single cohort from one course in a single university,
which may limit the direct generalization of these results.
Second, while the quantitative outcomes demonstrate sta-
tistically significant differences, the effect sizes are mod-
est. The latter is, however, common in educational re-
search (Hattie, 2009). Third, our analysis did not com-
prehensively control for potential external variables such
as students’ prior gaming experience, individual learning
styles, or gender, all of which could have influenced en-
gagement and performance.

This experience is viewed as an ongoing endeavor.
Looking ahead, we plan to continue with enhanced ver-
sions of the game, incorporating bug fixes reported by stu-
dents and new features, such as periodically shrinking the
battlefield to encourage direct engagement. Additionally,
we aim to conduct further iterations with larger and more
diverse groups to strengthen the validation of our findings.
We also intend to collect more qualitative data through in-
terviews or focus groups to gain deeper insights into stu-
dents’ perceptions and motivations, and to investigate the
long-term impact of GBL on knowledge retention and the
application of practical skills in real-world robotics con-
texts.
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