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Abstract —  This innovative practice WIP is about 

using serious games in robotics education. In the realm of 

STEM education, the professional development of students 

is intrinsically linked to practical experiences, such as 

hands-on exercises, experiments, and laboratory classes. 

However, the financial implications of acquiring and 

maintaining mechatronic devices such as robots, 

automation-related equipment, and instruments for these 

activities are high. These excessive costs, which cover initial 

funding and ongoing maintenance, pose challenges for 

educational institutions in establishing and maintaining 

well-equipped laboratories. In addition, access to these 

resources depends on their availability, creating restrictions 

on student learning opportunities. The state of Amazonas, 

Brazil, needs to solve these problems; as a city of numerous 

factories, there is a growing demand for well-trained 

professionals and a dwindling number of resources to apply 

to education. To address these challenges, we propose an 

approach that integrates simulation tools for application in 

educational games. These tools used to conduct simulations 

are essential for developing shop floor scenarios without 

physical equipment, effectively reducing the costs 

associated with mechanical collisions and problems related 

to student programming errors. The importance of using 

simulation tools in the learning process lies in their ability 

to offer a risk-free environment where students can 

experiment, learn, and perfect their skills without incurring 

additional expenses for corrective maintenance. 

Innovatively, the incorporation of gamification-based 

learning by simulating real problems based on the shop 

floor is gaining momentum. We believe this is the most 

attractive way for trainees or students to deliver fast, high-

quality professionalism. This approach represents an 

appealing alternative for educators looking to enhance their 

educational experience. From this perspective, this paper 

presents the application of a serious game in the industrial 

laboratory at UFAM. The aim is to offer students a dynamic 

and engaging platform for learning about collaborative 

robots, taking advantage of the principles of the learning 

factory, and promoting good practices in an economical and 

risk-controlled virtual environment. 

Keywords — Collaborative Robots; Remote Laboratories; 

Serious Games; Industrial Related Laboratories. 

I. INTRODUCTION 

The professional development of STEM students is 
intricately tied to hands-on experiences such as practical 
exercises, experiments, and laboratory classes [1, 2]. Moreover, 
the availability of several types of equipment and the need for a 
professor or a student monitor to guide laboratory practices [3] 
limit learning opportunities for some students [4]. 

In [5, 6], this type of problem can be reduced by practicing 
simulation software, especially when physical devices are not 
present, and avoiding physical damage to the devices. However, 
the financial implications of acquiring and maintaining 
mechatronics devices, such as robots, automation-related 
equipment, and instruments for these activities, are expensive. 

These high costs, encompassing initial funding and ongoing 
maintenance, pose challenges for educational institutions in 
establishing and sustaining well-equipped laboratories [7]. 

The accessibility of such resources is contingent upon their 
availability, creating potential constraints on learning 
opportunities for students. The state of Amazonas, Brazil, needs 
to address such problems [8]. There is an increasing demand for 
well-trained professionals and an ever-reducing number of 
resources to apply in education. This is particularly true when 



training employees to collaborate with collaborative robots for 
shop floor applications [9, 10]. 

The significance of simulation tools in the learning process 
lies in their ability to offer a risk-free environment where 
students can experiment, learn, and refine their skills without 
incurring additional expenses for corrective maintenance [11]. 

In addition, one of the practices adopted as a learning process 
is the integration of education and games, named game-based 
learning from the literature [12], which has been increasingly 
used because it results in improved attention span and greater 
student participation during the learning process [13, 14]. 

II. LITERATURE REVIEW 

A. Learning Factory 

A learning factory is a realistic and simulated learning 
environment with processes and technologies based on the 
physical industrial shopfloor [15]. It follows a didactic approach 
emphasizing problem-solving and experiential learning [16]. 

The learning factory philosophy is facilitated by actions and 
interactions involving participants and can be used for 
educational, research, and training purposes [17]. 

A learning factory can have implementations focused on 
behaviorist, cognitive, or constructivist learning methodologies 
[15]. Behaviorist implementations of learning factories are 
inspired by behaviorism theory [18], which focuses on using 
rewards and punishments to shape desired behaviors. This 
system can be applied by completing the goal in the game. 

The cognitive implementations of learning factories are 
inspired by cognitive learning [19], which involves tools that 
utilize a substantial number of visual resources with the 
objective of training problem-solving abilities. This is typically 
achieved by elucidating the production process and addressing a 
problem to develop critical thinking in related scenarios. 

Finally, constructivist implementations are inspired by 
constructivist learning [20], which involves students developing 
solutions and understanding the environment through practical, 
experiential learning. This refers to creating an environment that 
can be experienced so that there can be reflection on what has 
been learned. 

Integrating learning mechanisms may be a valuable strategy 
for implementing learning factories, contingent on the desired 
outcomes and the specific content to be transmitted. For 
example, combining the three mechanisms could facilitate the 
provision of rewards for meeting performance objectives that 
facilitate students' understanding of the subject matter and 
encourage them to engage in problem solving through 
experimentation. 

B. Game-based Learning 

As stated by [21], games are rule-based and adhere to the 
established rules of the game. They are responsive, enabling 
player actions and providing feedback and system responses. 
Games present challenges, incorporating elements of chance, 
progress, and other factors that motivate players to engage [22]. 

There are diverse ways of incorporating game elements into 
the learning process, the two main types being severe games and 
gamification [15]. 

A serious game is defined as a game whose primary 
objective is not entertainment. The main objective is often 
learning, which can use simulation approaches and technologies 
for teaching by developing concepts and improving skills [23, 
12]. 

In the context of digital technology and its applications, 
gamification is a term used to describe a process whereby game 
elements are integrated into an environment or context that is 
not inherently game-like [24]. 

The core of game-based learning was presented in [25], 
which defines the components in three distinct layers: the 
system, the engine, and the game-play layers. 

The system layer is linked to the hardware of the computer 
and the network and thus determines the performance of a 
game's engine, the quality of graphics and sounds, and the 
features required for the network. 

The engine layer represents the abstraction layer of the 
system layer. It defines the physics of the system, graphics, 
rendering, audio, and artificial intelligence that will be presented 
by nonplayer characters (NPCs). 

The game-play layer is responsible for defining all the rules 
of the game. In general, there are three categories of regulations: 
setup, which consists of the settings players make before the 
game begins; game progress, which consists of what will happen 
during the game; and resolution, which consists of the actions 
that will cause the game or level to end on the basis of the state 
of the game. 

There has been a notable surge in interest in this field in 
recent years. As posited by [26], games can be potent 
experiences involving individual attributes, such as motivation 
and engagement. However, to achieve this, implementing game 
elements must not be excessively simplified to the extent that 
the player cannot engage, which could diminish existing interest 
and engagement. 

C. Collaborative Robots 

Expanding industrial processes has necessitated more 
precise, high-quality solutions at the lowest possible cost and 
with a brief implementation period to fulfill demands [27, 28]. 
One potential solution to this issue is the utilization of 
collaborative industrial robots (CoBots), which operate in 
conjunction with one or more human beings throughout the 
process. Using CoBots is essential for complex and flexible 
processes [29]. 

To comply with the safety criteria, collaborative robots 
(CoBots) must operate at lower speeds than noncollaborative 
industrial robots do and possess specific sensors and equipment 
to enable collaborative operation [30]. 

The interactions between CoBot and humans are classified 
[31] as collaborative, coexistent, cooperative, or synchronized. 
Collaborative interaction occurs when the robot and the human 
perform different activities simultaneously but complete the 
same activity or product. Coexistence of interactions occurs 



when the robot and human work in the same space but with 
various activities and times. 

Cooperative interaction occurs when a guard separates the 
human and the robot, but they work in adjacent areas and do not 
perform activities dependent on each other. Synchronized 
interaction occurs when the robot and the human operator share 
a work environment, but only one is at the workstation at any 
given time [32, 33]. 

The learning factory philosophy is facilitated by actions and 
interactions involving participants and can be used for 
educational, research, and training purposes [17]. 

III. PURPOSE, MATERIALS, AND METHODS 

This project aims to create a serious game to help teach the 
programming of collaborative robots (CoBots) via formal and 
informal learning methodologies. 

This serious game project, named the Laboratory of 
Automation Robotics - Serious Game (LARSG), will be based 
on behaviorist and constructivist learning models through the 
use of reward stimuli and reinforcement punishments for each 
activity carried out and allowing students to be active 
participants in the creation of the learning environment so that 
they can interact, experiment and reflect on the actions they take 
in the game. 

First, we implement communication between LARSG and 
the collaborative robot UR5e from URs. 

On the basis of this communication, we implement CoBot 
monitoring and control through UR Sim Polyscope v5.9.4. The 
performance of LARSG is evaluated on an i3-1005G1 CPU with 
a 1.20 GHz computer to assess whether it can be run on a student 
computer. 

A. CoBot digitalization 

The initial stage of creating the LARSG consisted of 
digitizing the training bench and the UR5e by importing the 3D 
model and material meshes created via PTC Creo software, 
which was used to develop the CADs. 

The physical workbench positioned in the automation 
laboratory at UFAM is shown in Fig. 1. The import of the 3D 
modeling of the CoBot and the workbench can be seen in Fig. 2. 

B. Establishment of communication 

Following the importation of the 3D model, the subsequent 
step was establishing communication with UR5e via simulation. 
This stage entails communicating with the virtual machine to 
generate the digital twin. 

The vector kinematics and dynamics of UR5e were 
simulated via UR SIM Polyscope v5.9.4. To establish 
communication between the LARSG and the simulator, it was 
necessary to configure communication via the TCP/IP socket, 
whose data stack was processed and analyzed to obtain the angle 
information for each CoBot joint. 

C. Game Mechanics 

In addition, learning factory concepts are used at each level 
of the game to enable the student to develop a basic industrial 
process that is defined at the end of each level. The game modes 

have two approaches: level mode (LM) and free-run mode 
(FRM). 

 

Fig. 1. UFAM physical workbench in the automation laboratory. 

 

Fig. 2. The UFAM workbench 3D model was imported into Unreal Engine. 

LM is a level-by-level mode that follows the behaviorist 
model of formal education, in which students need to follow the 
preestablished steps in a script given to them at their level. 

Moreover, one of the features that is available in game 
mechanics is a tutorial mode that is designed to teach the user 
the basics of the terminology of each robot joint, the teach 
pendant, the electrical connection with external devices, the 
configuration of the tool center point (TCP), and the 
programming flow of the robot's movement. 

If the student player wants to skip the mode, he can. An 
example of a CoBot joint tutorial is shown in Fig. 3. The avatars 
of the NPC professor have not yet been considered. 

The FRM will follow a constructivist model to allow 
students to build their experimentation environment and 
evaluate a robot's programming without risking physical 
collisions or damaging any parts of the CoBot. 



Furthermore, the mode also functions as a digital twin that 
allows the CoBot to communicate with and control the lab bench 
and insert sensors and virtual objects to emulate an industrial 
process. 

 

Fig. 3. Example of a CoBot joint tutorial. 

An example of the FRM feature is shown in Fig. 4, which 
illustrates the insertion of a belt conveyor into the LARSG 
learning environment to simulate the transport of products to be 
managed by the system. 

The game development tool used was Unreal Engine 4.23.1, 
which was chosen for its programming flexibility, immersion in 
the game due to the reality of the graphics, community support, 
and greater ease of creating and importing scenarios from 
CAD/CAM software. The project architecture is shown in Fig. 
5. 

 

Fig. 4. FRM feature example. 

IV. CONCLUSION AND FUTURE WORK 

The results, although preliminary, were satisfactory in terms 
of the feasibility of building 3D models via the Unreal Engine. 
The implementation of communication between LARSG and 
UR5e met the usability requirement because of the stability of 
the communication latency and FPS, which remained constant. 
The exploratory tests shown in Fig. 6 were conducted on the 
basis of user experience. 

 

Fig. 5. Purpose of project architecture. 

 

Fig. 6. Preliminary interface to control UR5e. A video playback is available at 

[33]. 

The remaining stages of the LARSG will be conducted as 
future work to implement the Learning Factory. This will entail 
the implementation of a series of scenarios that exist on the 
factory floor. In future work, the remaining phases of the 
LARSG will be conducted to implement the learning factory. 
This will entail the implementation of a series of scenarios that 
exist on the shop floor. Initially, an industrial process is 
employed to palletize router boxes with a payload of less than 5 
kg. 

The aim is to instruct students about the real problems they 
may encounter in the industry. This will enable students and 
industry professionals to improve their practices in 
programming collaborative robots. 
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