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Abstract: This article discusses the benefits of virtual reality use on the teaching and learning, within 
the context of the CircuTex Erasmus+ project, with reference number 2021-1-ES01-KA220-HED-
000032075. One of the outcomes expected from this project is an online course on the circular economy 
of fiber composites and technical textiles will be offered to students at HEIs with the goal of enhancing 
their knowledge of the circular economy methods specific to these two industries. In order to test and 
apply experiments relating to the circular economy of fiber composites and technical textiles, a virtual 
laboratory for the implementation of virtual experiments was established. Virtual "digital twins" of 
genuine laboratory equipment are present in the lab, each augmented with 3D visuals and virtual 
movement. Through the virtual reality glasses, students will have access to the online virtual laboratory, 
which will provide a 360-degree learning experience. 
The participants to the online course will have the opportunity to test and carry out experiments related 
to the circular economy of fibrous composite and technical textiles through the virtual laboratory. The 
way to access the virtual laboratory of CircuTex project is through the Meta Quest virtual reality headset.  
The virtual laboratory comprises 11 experiments where the students will learn through experience. 
Keywords: Virtual reality, Virtual laboratory, education, CircuTex project, results. 

 
 
1. INTRODUCTION 
 
Throughout the past ten years, several institutions have made investments in centers for 
educational innovation, with a focus on emerging technologies [1-2]. Blockchain, the internet 
of things, artificial intelligence and Virtual reality are some of the most well-liked upcoming 
educational technologies [3-5] 
The Virtual reality (VR) can be used in engineering [6], computer science [7], medical [8] and 
other fields [9-11]. In order to increase students' involvement in teaching-learning activities, 
virtual reality is used in education also. The learning outcomes, motivation, and attitude of 
students when utilizing VR are the subject of numerous studies about its usage in science 
education [12]. Learning benefits have been reported in the literature when comparing the use 
of VR with conventional methods [13].  
Through the use of virtual reality a three-dimensional environment is simulated. Using virtual 
reality glasses, a computer, or a mobile device, the students enter a three-dimensional virtual 
environment while still physically present in the real world [14].  
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Students who use virtual reality can better visualize angles and components and can test out 
scenarios that would be risky or difficult to do so in the real world [15]. 
The VR: 
- improves students' memory and boosts retention of information; 
- enhances students' engagement and excitement during learning activities;  
- increases learning outcomes; 
- provides new opportunities and makes learning accessible to all students; 
- increases understanding of challenging, conceptual subjects;  
- develops emotional intelligence, awareness, and understanding;  
- improves communication and teamwork skills;  
- raises students' comprehension levels; 
- enhance the teaching abilities of teachers using virtual reality (VR) by providing a 360-degree 
learning experience; 
- ensures accessibility for disabled students. 
 
2. MATERIALS AND METHODS 
 
The purpose of this article is to present the results of the Erasmus+ project "Circular Economy 
in Fibrous Composites and Technical Textiles Through the Use of Virtual Laboratories", under 
reference number 2021-1-ES01-KA220-HED-000032075: E-learning course on circular 
economy of fibrous composites and technical textiles, Virtual laboratory for the implementation 
of virtual experiments and Roadmap to micro credentials. 
The project has a consortium of five European partners being implemented within 2 years 
(28.02.2022-27.02.2024): 
➢ UPV - University Polytechnic of Valencia, Spain   
➢ KTU - Kaunas University of Technology, Lithuania  
➢ UNIWA - University of Western Attica, Greece   
➢ UO - University of Oradea, Romania 
➢ IDEC - a consulting company, Greece   
The CircuTex project's objectives include developing an online course on the circular economy 
for technical textiles and fibrous composites as well as a virtual lab that will simulate a real lab 
environment for students. The development of a roadmap for course validation and certification 
will also result in a collection of policy recommendations for the adoption and recognition of 
micro-credentials in the universities of the project partners [16], [17].  
These days, it is extremely difficult for teachers to engage their students in meaningful learning. 
We firmly believe this aspect will completely vanish with the introduction of virtual reality 
technology in the laboratory activity of CircuTex project because most students would be 
tempted to discuss their virtual reality experiences. 
 

3. RESULTS 
 
3.1. E-learning course on circular economy of fibrous composites and technical textiles 
 
The need for universities to offer e-learning platforms to students is growing as the benefits 
exceed the drawbacks [18], [19]. Our educational system is being completely transformed by 
the usage of digital learning tools. The days of traditional classroom instruction are gradually 
being replaced by high-speed internet and technological innovation. With better organization 
and high-quality courses, electronic learning aims to enable students to study without 
physically being present in a classroom. Through the online courses, students can view the 
lectures whenever it is most convenient for them and go over material as many times as they 
want. 
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To achieve this goal, the CircuTex project's first output was to create the e-learning course 
titled "Circular Economy of Fibrous Composites and Technical Textiles". The course comprises 
5 modules that are already posted on the e-platform of the project: 
Module 1. Circular economy for technical textiles and fibrous composites 
Module 2. Sustainable resourcing for technical textiles and fibrous composites  
Module 3. Sustainable processes used in manufacturing of technical textiles and fibrous 
composites  
Module 4. Quality and waste management  
Module 5. Recycling of fibrous composites and technical textiles: possibilities and challenges  
The course's primary focus is on technical textiles and fiber composites as part of the circular 
economy and aims to increase the competency of HEI students in the creation, production, 
usage, and recycling of fibrous composites and technical textiles using circular economy and 
sustainability techniques.  
 

 
 

Figure 1. E-platform of CircuTex project 
 
3.2. Virtual laboratory for the implementation of virtual experiments 
 
For the second intellectual output, a virtual laboratory has been created to support the learning 
process. Participants in the online course will have the opportunity to test and carry out 
experiments pertaining to the circular economy of fibrous composite and technical textiles 
through the virtual laboratory. The way to access the virtual laboratory of CircuTex project is 
through the Meta Quest virtual reality headset.  
The virtual laboratory comprises 11 experiments where the students will learn 
through experience:  
Experiment no.1. Fiber identification - Solubility test Identification of fibers through the behavior 
of different fibers in certain solvents. 
Experiment no.2. Fiber identification - Pyrognostic test: Identification of fibers through their 
behavior when exposed to fire. 
Experiment no. 3.  Identification of fibers-Melting point: Identification of synthetic fibers by 
specific melting temperature. 
Experiment no. 4.  Identification of fibers-Optical microscope: Identification of fibers by the 

https://e-trainingcentre.gr/mod/resource/view.php?id=12849
https://e-trainingcentre.gr/mod/resource/view.php?id=12850
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morphological characteristics presented by the fibers under the optical microscope. 
Experiment no. 5. Quantification of fiber mixtures by chemical procedures: Determination of 
the composition of a fabric with a binary mixture of fibers. 
Experiment no. 6. Fiber-matrix adhesion - Stress-strain curve analysis and microscopic 
analysis: Determination of fiber-matrix adhesion by identification of delamination failure under 
tensile loading and SEM image analysis. 
Experiment no. 7.  Mass loss after the Martindale abrasion test: Determination of the loss in 
mass of samples subjected to the abrasion resistance test. 
Experiment no. 8. Laminated structures of technical textiles: identification on the microscope 
of the structures of knitted, woven and non-woven fabrics. 
Experiment no. 9. Tensile strength of recycled fibers: Comparison of the tensile strength of 
recycled fibre yarns vs. virgin fibre yarns. 
Experiment no. 10   Different bleaching methods for recycled fabrics: Comparison of the 
bleaching system by different methods. 
Experiment no.11. Dissolving pulp from viscose waste. 

 

 
 

  

 

 
  

  
 

Figure 2. Experiments of the virtual laboratory 
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The students will be able to conduct the virtual experiments without actually having to be in a 
lab and also will have the possibility to delve deeply into complex subjects as fiber 
identification, fiber-matrix adhesion, mass loss after the Martindale abrasion test, laminated 
structures of technical textiles, tensile strength of recycled fibers, bleaching methods for 
recycled fabrics, and study by using virtual reality as immersive learning tools—all from a safe, 
secure, and comfortable setting: the classroom. 
 
3.3. Roadmap to micro credentials 
 
Partners will make an attempt to validate the course and provide digital certificates that may 
be used in the new "Europass Digital Credentials" format at the European level. Partner 
organizations will conclude by presenting a set of policy recommendations in support of the 
European approach to micro-credentials. 
 
4. CONCLUSIONS 
 
The world of virtual reality is always changing. Nearly any field might reap dozens of 
advantages from it. Virtual reality is the future of education and a remarkably effective teaching 
tool. Modernizing education through the use of virtual reality can be a very successful 
achievement. By using the virtual reality (VR) in the CircuTex laboratory activity, the  ways of 
teaching will become more productive, the students will definitely feel more motivated to learn 
by using this technology, they will develop social and interpersonal skills that they will need in 
the future, including empathy and teamwork. Also, virtual reality allows for the implementation 
of any language imaginable within the software. Thus, in CircuTex project, language will no 
longer be an obstacle to students' goals for a quality education. 
To conclude, virtual reality can revolutionize teaching and learning process. 
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