Gamification in a Web-based platform for
teaching robotics engineering

: ‘ : g1 [0009—0008—6777—4285
David Rodriguez-Rives!! I
Ranl Fernéndez-Ruiz![0000—-0001-8325-5372]
Daniel Palacios-Alonso! [0000—-0001-6063—-4898]

Nikola Hristov-Kalamoy![0000—-0002-2194~1112]
José M. Cafias![0000—0003—4179—2211]

, and

Universidad Rey Juan Carlos, Spain

Abstract. An effective approach to enhance the educational experience
is gamification, a methodology that incorporates game-like elements and
mechanics into the learning process to boost motivation and engagement.
This paper describes the integration of gamification into the Unibotics
open web platform, which is dedicated to teaching robotics to univer-
sity engineering students. First, the infrastructure necessary to support
robotics tournaments based on a collection of robotics exercises was de-
signed and programmed. It includes an automated asynchronous exe-
cution of the code from each participant and an automated evaluation
system capable of ranking participants based on their performance in
these exercises. It also automatically generates video summaries of the
execution of the student’s code. This innovation not only enhances the
visibility of participants’ achievements but also fosters a dynamic and in-
teractive learning environment. It uses the latest web technologies such
as Django, React and mainly Selenium, which leverages the task automa-
tion due to its versatility. Second, a pilot experience was implemented
with 26 engineering real students at a Spanish university showing good
results. This work highlights the potential of combining gamification,
robotics and web-based platforms to improve the learning experience,
particularly in higher education, by fostering engagement, competition,
and practical skill development.

Keywords: Distance learning - Engineering education - Web-based and
remote robotics - simulation.

1 Introduction

The rapid advancements in robotics and technology have underscored the need
for innovative and effective methods to teach robotics engineering in schools
and colleges. These developments also bring significant benefits to STEM dis-
ciplines — science, technology, engineering, and mathematics — by providing
students with interactive and engaging learning experiences that foster critical
skills. Within this context, robotics competitions have gained significant pop-
ularity, offering young learners dynamic challenges that stimulate interest and
creativity.
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One promising approach to enhance robotics education is gamification [4],
which seeks to replicate the engaging and motivating aspects of games to boost
students’ participation and learning outcomes. Gamification, grounded in the
Mechanics -Dynamics - Aesthetics (MDA) framework [I3], provides a systematic
way to design and evaluate game-like educational experiences. This framework
encompasses three interconnected components:

— Mechanics, which define the rules, controls, and actions available to partici-
pants, shaping the structure of the activity. These may include systems such
as player rankings or interactive elements, such as buttons, that facilitate
actions like saving progress or transmitting the code being developed.

— Dynamics, which represent the interactions between participants and the
system, highlighting the emergent behavior, motivation, and engagement
during the learning process. Such as the motivation and competition students
may experience watching the ranking.

— Aesthetics, which emerge from the interplay of Mechanics and Dynamics,
reflecting the emotional responses and enjoyment experienced by partici-
pants. For example, a well-designed ranking system may create excitement
among students as they work further and learn new techniques to improve
their position.

Implementing gamification effectively in educational contexts requires a phased
and strategic approach [3[9]. The following strategy was proposed by Deterding
et. al in September 2011 [§]. It is proposed as follows:

1. Objectives and Design: Clearly defining the desired learning outcomes
and planning activities and resources to support them.

2. Content and Resource Creation: Developing educational materials, in-
teractive games, and feedback mechanisms to facilitate engagement.

3. Gamification Integration: Adapting existing resources and embedding
gamified activities into the educational framework.

4. Implementation and Monitoring: Testing the activities and observing
their impact on students.

5. Evaluation and Adjustment: Analyzing results and refining the approach
based on feedback and performance data.

Building on this structured strategy, the Unibotics team has developed and
implemented an asynchronous tournament framework as part of their efforts
to create a comprehensive robotics academy for university students. The tour-
nament system, integrated into the Unibotics web platform, incorporates auto-
mated evaluation mechanisms to rank participants based on their performance
in robotics exercises. These are thirteen robotics engineering exercises which
include engaging challenges such as a “cat and mouse” game with drones and
“follow-line” competition using Formula 1-style circuits and vehicles.

The objective of this paper is to show the impact of this web-based platform
on the teaching of robotics engineering, using gamification techniques grounded
in the MDA framework. Unibotics [19] is a well-established platform used in
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several universities in Spain, Germany and Colombia, designed to enhance stu-
dents’ learning experiences through practical robotics exercises and innovative
engagement strategies.

The remainder of this article is structured as follows: Section 2 reviews related
work in the fields of robotics and gamification in educational contexts. Section
3 outlines the Unibotics web-based plataform. Section 4 describes the design
and implementation of the asynchronous tournaments, along with the technolo-
gies and strategies employed. It also describes the automatic evaluation system,
ranking mechanism, and video generation features. Section 5 presents the results
of the tournament with real engineering students, analyzing its impact on their
engagement and its overall effectiveness as an educational tool.

2 Related Works

In the last years many companies and organizations use elements and mechan-
ics from games to encourage competition or learning, such as web rankings or
championships [7].

2.1 Robotics competitions

Some communities create robotics competitions annually. The one of most pop-
ular is For Inspiration and Recognition of Science and Technology (FIRST®))
Robotics Competitions which students varying from four to eighteen years com-
pete in a series of challenges [I7]. According to [I], the use of robotics as an
educational tool, such as Lego Mindstorms, has a significant impact on learning
outcomes by providing students with hands-on experiences that promote active
participation and collaboration. The versatility and accessibility of platforms
like Lego Mindstorms make them particularly well-suited for robotics compe-
titions, where students not only learn to design and program robots but also
develop essential skills such as critical thinking, creativity, and teamwork. These
competitions, rooted in experiential learning, serve as a dynamic environment
for students to bridge theoretical knowledge with practical applications, thus
fostering a deeper understanding of STEM disciplines and preparing them for
real-world challenges.

Likewise, since 1997, the RoboCup Federation organizes soccer leagues for
robots all around the world. Its goal is to win a soccer game against the most re-
cent World Cup leaders by the official rules of FIFA [14]. Within this context, the
developments presented by the 2019 RoboCup AdultSize winner, NimbRo [I8],
stand out for their innovations in deep learning-based perception, in-walk kicking
capabilities, push recovery mechanisms, and team play strategies. These contri-
butions, which integrate advanced artificial intelligence techniques and robust
system designs, not only highlight the potential of robotics to address complex
challenges but also establish a strong connection with academic events such as
the International Conference on Robotics and Automation (ICRA). ICRA, a
key gathering for researchers and professionals in robotics, provides a platform
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to delve deeper into the advancements demonstrated in RoboCup, particularly
in areas like perception and multi-robot coordination. This synergy between
RoboCup and ICRA underscores how practical competitions and academic re-
search complement each other to drive innovation in autonomous robotics.

Cyberbotics company also created a few years ago Robotbenchmarkﬂ a
cloud-based 3D robot simulation platform, which offered a series of robot pro-
gramming challenges including performance evaluation metrics and competition.
Those challenges address various topics across a wide range of difficulty levels,
from middle school to PhD.

2.2 Gamification in schools

Gamification has emerged as a powerful tool for enhancing student engagement
and motivation in educational settings, with various platforms successfully in-
tegrating game-based elements into learning processes. One of the most widely
adopted platforms in schools is Kahoot! a game-based learning application that
allows teachers to effortlessly create, share, and play interactive learning games
or trivia quizzes. Kahoot! has become a cornerstone for engaging students in
collaborative and competitive learning activities across diverse subjects [2].

Another notable example is Minecraft Education Edition, an initiative de-
veloped by Mojang and Microsoft that leverages the popular Minecraft game
to teach STEM subjects to students aged three to fourteen [I5]. By incorporat-
ing block-based programming and a highly immersive virtual environment, this
platform facilitates the development of computational thinking, problem-solving,
and creativity while maintaining a high level of engagement.

Additionally, Scratch, a coding platform and community available in over 70
languages and used by children from more than 200 countries, has made signif-
icant contributions to gamified learning. Scratch allows students to create and
share digital stories, games, and animations, fostering critical skills such as logi-
cal reasoning, creativity, and collaboration. Its wide accessibility and versatility
make it a valuable tool for introducing programming concepts and promoting
digital literacy among young learners [11].

2.3 Web platforms to program robots

Web-based platforms have revolutionized the field of robotics by enabling devel-
opers to work online without the need to install specialized software or manage
complex local infrastructures. These platforms provide powerful tools for simu-
lation, testing, and programming, making robotics development more accessible
and scalable.

One of the most prominent examples is AWS RoboMaker, a cloud-based
simulation service provided by Amazon Web Services. AWS RoboMaker allows
robotics developers to run, scale, and automate simulations while eliminating the
need for managing physical infrastructure. This platform is particularly valued

! https://cyberbotics.com/doc/blog/robotbenchmark
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for its seamless integration with the Robot Operating System (ROS), as well as
for its ability to support large-scale simulations in cloud environments.

Another notable platform is Asimovo, which serves as a research-oriented
resource for robotics developers. Asimouvo offers an extensive collection of robots,
environments, and open-source tools based on ROS, allowing users to simulate
and test robotic systems online. This platform stands out for its comprehensive
resources, which are particularly useful for research and prototyping in academic
and industrial contexts.

For a more education and entertainment-focused approach, Riders offers a
web-based platform that combines robotic programming with engaging simu-
lations. Riders provides users with a wide variety of scenes and robot models,
enabling students and hobbyists to learn robotics in an interactive and enjoy-
able manner. Additionally, the platform fosters global collaboration and compe-
tition through initiatives such as the Riders Robotics League, an international
league designed to inspire innovation and community engagement in the field of
robotics.

These platforms exemplify the diverse ways in which web-based tools are
transforming robotics education and development, offering accessible, scalable,
and versatile environments for developers, students, and researchers alike.

3 Unibotics

The design of the Unibotics platform has been thoroughly detailed in [19], with
its architecture depicted in Figure[ll At runtime, the system is composed of two
main components: the web browser and a Docker container. The web browser
functions as the graphical user interface (GUI) of the application, enabling users
to select an exercise in which they must solve a specific task by programming
a robot. Upon selecting an exercise, the corresponding GUI is displayed, as il-
lustrated in Figure [1} This web interface allows users to edit the source code
of their robotics applications and observe the execution of the code. Multiple
widgets are provided, including those for visualizing the simulated robotic envi-
ronment, monitoring the robot in action, displaying a text console, and offering
auxiliary debugging tools. Additional widgets tailored to each specific exercise
are also available.

The execution of the robotics simulator and the user’s robotics application
occurs within a Docker container, referred to as the Robotics Backend (RB).
Users are required to download this container from a public repository and launch
it prior to using Unibotics. The Robotics Backend serves as the core processing
unit of the system, with all necessary robotics dependencies pre-installed. This
eliminates the need for users to install dependencies locally, significantly reducing
the time required to begin programming robots.

Within the RB, a key component is the Robot Application Manager (RAM),
which serves as a bridge between the browser and the robotics applications
running in the backend. When a user runs their code via the browser, it is
transmitted to the RAM, which forwards it to the robotics application template.
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Fig. 1. Architecture of the Unibotics platform.

The robotics application executes the code and returns the results (e.g., images,
data, or simulation outcomes) back to the RAM, which then delivers them to
the browser for display.

Recent improvements to the platform, as detailed in [12], include the mi-
gration of the system’s frontend to React for enhanced interactivity and perfor-
mance. Additionally, the robotics application has been restructured into a single
process that integrates user-generated code with two Python modules: GUI.py
and HAL.py. The RAM now operates in four distinct steps to streamline com-
munication between the browser and the backend, ensuring efficient execution.

The platform offers a wide range of robotics content, covering various do-
mains:

— Mobile Robotics exercises, as introduced in [6], which focus on the fun-
damentals of programming autonomous ground vehicles.

— Service Robotics exercises, designed to simulate practical applications
such as object manipulation and navigation in domestic or industrial set-
tings.

— Drone programming exercises, as detailed in [5], which explore aerial
robotics and autonomous flight control.

Control engineering exercises, presented in [I6], which provide users
with an understanding of control systems and their application to robotic
platforms.

Unibotics thus combines advanced technology and user-friendly tools to offer
a comprehensive learning environment for robotics education and programming,
making it a valuable resource for both academic and professional applications.
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4 Automatic competitions in Unibotics

This section describes the framework and technologies used and the steps in the
automatization processes, management and the infrastructure of these tourna-
ments. This paper follows the work developed by Ferndndez-Ruiz et al [10], ba-
sically integrating the Automatic Competitions into the new Unibotics realease,
as a single web-app into that platform, and refactoring it to work with REACT
as major frontend technology.

4.1 Infrastructure

A crucial aspect of the infrastructure is the differentiation between the types
of ranked tournaments implemented on the platform. On one hand, occasional
events—such as evaluations—are tailored for scenarios where students must sub-
mit their solutions within a constrained time frame. On the other hand, asyn-
chronous tournaments without strict time limits are designed to foster a more
exploratory and iterative learning process, allowing students to experiment, re-
fine their strategies, and improve progressively with each evaluation cycle.

Another vital component is the implementation of a dynamic ranking sys-
tem aimed at motivating students to enhance their performance while promoting
competition-based-learning. Tournaments are broadcasted live, allowing all users
to access and follow the latest evaluations and rankings in real time, ensuring
seamless functionality and an optimal user experience (see Figure . Further-
more, the platform incorporates challenges inspired by the original Unibotics ex-
ercises, but specifically adapted to enable more precise and targeted evaluations.
These adaptations not only provide an opportunity to intensify competition but
also ensure a robust and fair assessment process.

In the technical side, React components structure the tournament rankings
and challenges, allowing them to function independently from one another and
enabling development by different teams. The use of PostgreSQL database to
storage all the tournaments, challenges and users evaluation information provide
great flexibility in future updates and support.

4.2 Automation

This section explores the automation processes implemented inside Unibotics
and highlights their advantages over traditional, manual methods for running a
robotics competition.

An auxiliary user, named ”Ceremony Master”, has been created and au-
tomatically enters into the web plataform to execute the source code of each
competition participant in order to evaluate it. Selenium has been utilized as
the primary tool to automate interactions of this auxiliary user with the web
browser, such as entering text or simulating button clicks for running the user
source code. This technology facilitated the development of scripts capable of
evaluating students’ submissions (all of them in the same computer) and record-
ing the evaluation process autonomously. By minimizing manual intervention,
these automated solutions significantly enhance efficiency and consistency.
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Challenge Deployment The process of deploying challenges is limited to spe-
cific user roles, namely the Ceremony Master and Unibotics administrators, who
operate exclusively via the platform’s management web page. The Ceremony
Master role stands out for its access to a private portal, where challenges can
be uploaded using a dynamic web template. This template is designed to sim-
plify deployment by requiring only the retrieval of users’ code and the delivery
of evaluation results, thus avoiding the need for custom web pages for individ-
ual challenges. This streamlined approach ensures scalability, consistency, and
reduced development overhead.

Using Selenium, a Python script automates the process of loading and evalu-
ating challenges. First, logging into the Unibotics platform with Ceremony Mas-
ter credentials, uploading the challenges included in the tournaments, retrieving
participants’ usernames and codes and submitting their evaluation scores.

Evaluation. Each challenge has its own unique method of evaluation. For exam-
ple, the time spent to complete a track or the distance traveled in the Follow-Line
challenge. The Selenium script will request each participants codes sequentially
and initiate the evaluation process.

Recording. To document the evaluation process, the script integrates with OBS
(Open Broadcaster Software) through its WebSocket service. After deploying
the challenge, the script starts the recording process. Upon completion of the
evaluation, the video file is saved and named after the corresponding participant.

For automated video uploads, the script uses the Google Developers Console
and the YouTube Data API (Figure . OAuth 2.0 authentication is performed,
which enables the script to upload the video directly to YouTube. After upload-
ing, the script retrieves the unique YouTube video ID and updates the challenge’s
web page, ensuring that the video, along with the user’s name and score, is prop-
erly stored in the database. The entire process is available on YouTubd?]

4.3 Management

A dedicated web portal consolidates all tournament information and provides
tools for efficient management (see Figure|3)). This portal simplifies the creation,
editing, and deletion of tournaments, eliminating the need for direct access to
the Django admin interface. To create a tournament, an administrator specifies
key details such as the challenge to be loaded, the registration deadline, whether
it is a dynamic ranking (without a specific date) or an occasional event, and the
event’s scheduled date. Administrators can modify these details at any time using
the tournament editing tool. In addition, tournaments can be deleted simply by
referencing their unique ID. The Ceremony Master also has the ability to manage
participant data within each tournament via the private portal. This includes
correcting scores or videos, or marking participants as unevaluated if necessary,
ensuring accurate and up-to-date tournament records.

2 https:/ /youtu.be/M34SF9HevGI
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Fig. 2. Google Developers Console used for video uploads.

5 Results and Evaluation

To validate the functionality and robustness of the tournament system at Uni-
botics 26 robotics students from the Robotics Software Engineering Degree at
Rey Juan Carlos University (URJC) were invited to participate in a specially
designed occasional event aimed at testing the platform’s capabilities in a con-
trolled, competitive environment.

The engineering challenge proposed to the students was the ”Follow Line”
task, based on visual PID control, using a Formulal car in a simulated circuit in
Gazebo simulator (Figure . The evaluation metrics was based on the percent-
age of the track completed within a fixed time limit of 90 seconds, providing an
objective measure of performance. During the course of two weeks, participants
submitted their code, which was automatically evaluated by the platform and
uploaded to YouTube. The results were displayed in real time on the dynamic
ranking system of the platform EL allowing participants to monitor their perfor-
mance and progress relative to their peers. This feature fostered a competitive
yet engaging atmosphere, enhancing the students’ motivation and experience.

The successful execution of this event demonstrated the operational readiness
of the system, validating its capacity to handle real-world scenarios involving
multiple participants, automated evaluation, and data visualization. The final
ranking of the tournament, as shown in Figure 5] highlights the ability of the
platform to deliver reliable and transparent results in a user-friendly format.

6 Conclusions

This paper presents the design and implementation of an automated competi-
tion and gamification system inside a web-based platform for teaching robotics

3 https://www.youtube.com/watch?v=P3YunnYXw3I
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Edit Tournaments

Play and compete programming robots

Tournament Tournament exercise Tournament Registration Event day Link to the
1d type deadline Tournament

0 follow_line_newmanager Dynamic Rank Oct. 8, 2023, Oct. §,2023,
midnight midnight

1 follow_line_newmanager Ocassional Oct. 13, 2023, Oct. 17, 2023,
Event midnight midnight

2 follow_line_newmanager Ocassional Nov. 2, 2023, Nov. 2, 2023,
Event midnight midnight

3 follow_line_newmanager_Ackerman_Montmele  Dynamic Rank Jan. 1, 2024, Jan. 1, 2024,
midnight midnight

Tournaments where it will not be possible to register will be grayed out.

Edit tournament:
Tournament Id|

Create tournament:

QETEERRRREREES  follow line_newmanager
Tournament Exerciselil SISWETNSEYARNEAY ==

Inscripton limi{dd/mm/aasa O Inscription fimitdd/mm/a22a B Delete tournament:
Celebration dats :ldd,mm/ma a Celebration date dd/mm/aaaa O Tournament ‘dn
Dynamic ranking?2 Dynamic ranking?2l

Fig. 3. Tournaments management web page

engineering. We have implemented a system in that encourages students to
play in tournaments designed to propose challenges to enhance their learning
and understanding in robotics engineering. Student submissions are stored in a
database and automatically evaluated by the same computer. These evaluations
are recorded and automatically uploaded to YouTube making them accessible to
all participants. A ranking was implemented to display the students’ score and
evaluations,, allowing them to compare their performance to others and promote
a sense of competition. The system also offers a simple way to start new tourna-
ments, modify them or even delete past tournaments. This technology was tested
in a competition with real university students and has proven to be effective to
encourage them to further develop their learning skills.
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