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1. Introduction
In recent years, the aviation industry has been following how new technologies, such
as virtual and augmented reality, can help to train mechanics and ground crew more
accurately and quickly, without the cost and danger of practicing on real aircraft. VR
provides a safe environment for employees to improve their skills, allowing them to go
through the maintenance scenario many times until the employee has mastered the process
entirely. Aircraft maintenance training is also an important issue. One of the challenges of
training maintenance personnel is the need to use real aircraft and their parts in the training
and certification process. The student (students/trainers refers to Schools and Universities
but also the VET providers in general) performs repairs and maintenance under the watchful
eye of an experienced instructor. This part of the training, although effective, can be costly
due to the cost of access to aircraft and materials and dangerous due to the lack of trainee
experience. A trainee who is trained exclusively in theoretical classroom classes, not
knowing the physical aspects of the work, may, in the future, use materials inefficiently,
damage, or even destroy the aircraft. In this case, a solution based on VR technology can
adequately support the learning process and contribute to the elimination of these risks [1].
The paper [1] shows many examples of VR and AR applications in the aviation industry,
e.g., the VR training system for the Boeing 737, in which mechanics practice reversal of
thrust using the procedures contained in the aircraft manual.
Another example is the system developed by Aerosim, which offers simulation-based
training products used by commercial air carriers and general training organizations. This
includes tools for pilots and technicians using distance learning in aviation training, e.g., the
virtual support system for Embry-Riddle. Besides, in 2012, the Aerosim center, together with
LATAM Airlines, worked on the implementation of the "Aerosim Virtual Maintenance
Trainer" platform for the training of aviation technicians in the area of locating selected
components of the Airbus A320 and A330 aircraft and testing procedures for the removal of
defects in these components [2].
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1.1.

VR for Health & Safety

It is common to attribute as many as 90% of major accidents in high-risk productions
to human error, but technical and practical training presents several difficulties, from the
costs involved in training with real machinery to the health and safety risks that such training
can pose. Virtual Reality Learning technology provides a valuable opportunity to engage in
practical training in a more comfortable, safer, and more flexible way and, unlike other
alternative methods, maintains a high level of interaction with the learning content.
A research study conducted by the Virtual Human Interaction Lab at Stanford
University, “The Effects of Fully Immersive Virtual Reality on the Learning of Physical
Tasks” [11], highlights the positive impacts that virtual reality can have on technical training.
Its findings show that virtual reality technology obtained better results than traditional video
methods in the learning of practical tasks, and participants in the study also reported feeling
a higher social presence within the virtual environment.
For these reasons, Virtual Reality is used in many Training scenarios as it confers
a wide range of benefits for both academia and industry.

1.2.

Immersive digital learning approaches for onshore and

offshore industrial training
Immersive digital simulations supported approaches allow learners to gain a significant
amount of knowledge in a relatively shorter duration within a realistic context through
experiential learning. The industrial practices in Norway revealed that the most effective
educational experiences often involve mastering tasks within the meaning of personally
relevant and practical situations. For instance, the situated learning in well-designed digital
environments has enabled to lead to the replication of required behaviors as specified in the
local regulatory requirements as well as national/international level code/standard specified
guidelines in the real world. Figure 1 demonstrates how offshore drilling operations have
been trained using Immersive digital learning approaches.
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Fig. 1. Immersive environment to train offshore drilling operations.
It is always a challenge for training employees to follow safety regulations and train them
for standardized operational procedures. Currently, immersive learning approaches (i.e. VR)
has been extensively used for providing offshore and onshore plant operational procedures.
It is a great challenge to provide a sufficient amount of safety experience in industrial
systems. Figure 2 illustrates how a trainee can have real-time industrial experiences at a
classroom level. The training system has been developed with a sufficient amount of sounds
to create a real world experience.

(a) Haptic-less valve operations training

(b) Valve operations’ verification

Fig. 2. Use of VR environments of valve operation procedure training.
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Having sounds and similar working environments as in harsh environments, trainees develop
full confidence to perform the activities when he/she is real distracting industrial settings.
Also, this type of immersive training enables us to verify operational procedures.
Currently, existing haptic-less immersive environments enables trainees and trainers
to interact actively for providing a significant amount of knowledge in a relatively shorter
duration. Figure 3 demonstrates the possible haptic-less operational training in industrial
settings.

(b) Other systems operational training
(a) Allowing for peer guidance
Fig. 3. Peer expert guidance, together with immersive environmental support.
Haptic-less immersive training with free-hand movements has enabled more interaction in
industrial pieces of training and knowledge dissemination.

2. Development environments for building VR applications
To make the training in virtual reality effective, it is necessary to remember about
the realism of the presented phenomena and simulations. The created simulation scenarios
or didactic activity scenarios must reproduce processes, objects, and environments in the
most accurate way possible, similar to the real world. The high level and quality of the
experience, the image surrounding the user from all sides, and the new perspective will allow
for the effective realization of the assumed educational goal. Since VR/AR will enable you
to map practically every process, and every event at any time, training solutions based on
Immersive Learning (IL) techniques have almost no limitations. The stages of the correct
VR application are presented in Figure 4.
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Fig. 4. Stages of VR application construction [3].

An essential component of the VR/AR system is the VR application, which in the
programming, the logistic, and practical sense is to form a closed whole. The application
should function as an executable program, requiring only the operating system and
appropriate VR hardware. The main task of such applications creators is to create an
interactive, three-dimensional environment, providing the user with immersion, the realism
of the simulation, and above all, interaction with digital elements. There are two basic types
of VR applications. These are applications-oriented either on a single object (virtual model
of a specific object) or on the environment (scene).
In the VR application, the user is the central figure. To achieve the right level of
immersion and interaction, the VR/AR system should provide the user with as many realworld signals as possible to replace sensory experiences such as touch, vision, and hearing.

Fig. 5. VR application experiences example.

It is worth remembering that the augmentation of virtual experiences (i.e. Figure 5)
with the help of technologies that can engage other human senses. It is also a field of research
that is still underexplored and represents the real challenge for increasing the attractiveness
of VR applied to train conducted in a re-created environment. To date, there are even
tentative examples of devices with the ability to reproduce odors, real physical air conditions
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and vibrations in addition to the fact that such devices are still far from achieving the goal
of totally isolating the user from the real world.
The image is usually generated by stereoscopic devices, while haptic systems are
responsible for the transmission of tactile stimuli. Sometimes additional incentives are used
in the form of smells or air movement. Gesture recognition and tracking systems and
sometimes even speech recognition systems are responsible for communication with the
virtual world. These are detected by controllers and sensors and then interpreted by the
computer.

Fig. 6. Training system model.

An illustrative model of a training system is presented in Figure 6. It includes two
main elements: the user and the equipment. The user's task is to implement the programmed
simulation scenario. During the classes, thanks to the VR application, the user has to enter
into touch interaction with the elements of the virtual scene and experience the physical
properties of the assumed models.

2.1.

Software engines for VR games and applications

The game engine is one of the recommended tools for creating VR/AR applications.
It is a framework for building applications and games for various platforms. It provides
a simulation of real-world physical phenomena, creating realistic graphics, up to
implementing artificial intelligence. Game engines are responsible for rendering graphics,
defining and detecting collisions, managing performance, selecting a target hardware
platform, and many other options. They are very often used due to the ease of application
development and convenience of use. Even novice developers should not have problems
with using such an environment. Usually, such solutions contain at least five main elements
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[4, 5]: application logic, graphic engine, audio engine, physics engine to implement
"simulated" laws of physics and artificial intelligence module.
2.1.1. Unity, an integrated development environment
Many developers consider the Unity environment to be one of the more accessible
game engines, mainly due to its intuitive and straightforward interface. One of the basic
functionalities offered by this environment is to create games for various platforms (Android,
iOS, and Windows). Unity has a large and active community of developers, developers of
add-ons, materials, and resources. An example is the Unity Asset Store, where you can find
3D/2D models, sound libraries, scripts, finished projects, tutorials, etc. Users create a rich
database of both free and inexpensive resources to use in this engine. The advantage of Unity
is also free licenses for schools, which can be used for learning programming, training, and
research and development work without commercial implementation [4, 6]. The framework
itself is based on C++ language, but users can create their own scripts for interaction with
objects in C# and JavaScript. Figure 7 shows the main interface of the Unity 3D
environment.

Fig. 7. Unity game engine - main interface.
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2.1.2. Unreal, an integrated development environment
Another solution among the most popular game engines today is the Unreal engine.
Its advantage is the simplicity in creating applications and games, which is especially crucial
for people with little programming experience. Its popularity is mainly due to its wide range
of possibilities: configuration, support of many platforms, and creating high-quality games.
The main advantage of the Unreal Engine is the virtual scene that allows us to quickly create
prototypes and even whole games and applications using ready-made plans. The engine
contains a broad set of tools and can handle enormous resources created by the Unreal
developer community, which increases the capabilities of the engine itself. This environment
provides free educational licenses for schools, allowing students to develop their games
programming and 3D objects. In addition, schools and students receive regular updates and
training materials so they can easily keep track of the latest developments in game
development, available resources, and real-time visualization capabilities. Engine users can
create their scripts, modules, and access the engine using C++. Unreal Engine is a good
starting point for people creating games and 3D models [4, 7]. Figure 8 shows the Unreal
Engine's main interface window.

Fig. 8. Unreal game engine - main interface.
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2.1.3. Blender 3d, graphics environment
Another solution among the most popular game engines today is also Blender 3d
environment. Blender 3d is a free tool for creating three-dimensional graphics, both static
and animation. It is a unique tool, on the one hand, minimal size and availability for free,
and on the other, authentic competition for packages such as 3DS MAX. The package's
advantage is its universality. Blender is equipped with tools for 3d modeling. Apart from
creating 3D models, it is also possible to create animations, textures, and even games. The
program allows you to create games and 3D applications, which can be the basis for all the
simulations and applications designed for VR/AR. Therefore, the acquisition of skills in
injecting 2d/3d schemes of basic elements of the surrounding world is even required [8].
Figure 9 shows the Blender 3d main interface window.

Fig. 9. Blender 3d - main interface.
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3. Advantages and disadvantages of using virtual reality
Virtual reality affects our lives in various areas such as work, social relations,
entertainment, lifestyle, etc. According to the VR name, there is an absolute contradiction,
i.e., on the one hand, we talk about reality, i.e., the existing environment, and on the other
hand, we are dealing with the virtual world, i.e., "unreal." Such a combination of concepts
allows us to expand the limitations of the perception of the world and communicate with it
through various stimuli (visual, sound, etc.), but at the same time is connected with direct or
indirect impact on the areas mentioned above of life. The influence can be both positive and
negative. Taking into account the importance of the educational process and its
consequences for future professionals, social and even family relations, it is necessary to
make a list of potential advantages and disadvantages of using this technology in didactics.
Of course, the authors of the report referred only to the aspects supporting the educational
process and the potential of using VR in education in selected fields of study, i.e., computer
science and automation and robotics, omitting the areas of influence of this technology of
sociological, emotional or psychological nature. The advantages and disadvantages of
analyzed technology are presented in Table 1.
Table 1. Advantages and disadvantages of using VR technology in education.
Advantages
It enables the creation of complex test
scenarios, experiences, and experiments that are
difficult to implement in real conditions.
It allows achieving confidence in the
implementation of procedures and technical
actions.
It allows for multiple repetitions of experiences,
experiments, or situations.
It saves money and time related to the
organization of the actual test stands.

Disadvantages
Costs related to the creation of an appropriate
educational position based on VR technology
based on professional hardware and software.
It requires a lot of work to create a virtual
environment with many test scenarios and
details.
The limited scope of teaching scenarios.

No real consequences of mistakes and errors.
Not having the feeling of holding or having
a material (the feelings).
It allows performing exercises anywhere and It can make users dependent on the virtual
anytime.
world.
It provides the scalability of teaching activities. It reduces people-to-people contacts and
experiences.
It reduces the consumption of real resources.
High probability of acquiring a routine in the
actions taken.
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It ensures the safety of the activities carried out.
It can adapt and apply to different fields and
areas of education.
It increases the possibilities of communication
and cooperation with people in distant places.

Possible health problems for users.
The possibility of overlooking the fundamental
laws of physics.
It reproduces better or worse a given reality but
is not able to completely replace it.

Virtual reality is characterized by a very high level of user involvement in the actions
performed by the user. In many cases, it reflects real situations very well, while providing
interactions similar to those known from the real world. Thanks to the high level of
immersion, the experience perceived by the user increase the effectiveness of the educational
process. Such a form of education can contribute to better memory and understanding of the
knowledge presented through it, as well as gaining experience in the implementation of
complex activities, procedures, and experiences. The advantage of VR technology is the
possibility to create complex test scenarios, which would be challenging to implement in
real conditions.
In many cases, it is connected with costs and limited access to technologically diverse
solutions. What is more, it is relatively easy to test very different scenarios, as well as critical
situations that could not occur during traditional classes in a virtual environment. It is also
connected with the elimination of the physical threat to users (e.g., possible injury, burns,
etc.), as well as with the elimination of the potential danger to real hardware or software
resulting from incorrect configuration and incorrect execution of the procedure by students
during classes. The use of virtual reality technology in education not only limits but even
allows students to make (even multiple) mistakes and errors without financial, health, and
legal consequences. One of the main advantages of using this technology in didactics is the
possibility to carry out experiments anywhere and anytime, and it also enables the
involvement of other people even from far away geographically. This promotes cooperation
between different educational centers and opens up broad perspectives for exchanging
experiences with top-class specialists in particular fields. They usually can only be involved
in traditional forms of classes to a limited extent. Besides, during the exercises and
experiments performed in the virtual world, an instructor or a group of instructors can take
part in them and control, as well as correct the actions of students. The concept of using VR
in the educational process itself significantly reduces the consumption of physical resources
(e.g., consumable items). It thus fits into the idea of a greener working environment. It should
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also be remembered that the technology has the feature of scalability and flexibility in
reproducing and combining different test environments.
Despite its numerous advantages, the use of virtual reality technology also brings
with it certain risks and limitations. One of the barriers associated with the dissemination of
this technology in education is the high costs of advanced and professional technical
solutions, as well as the price and labour intensity of developing an appropriate virtual
environment. This involves the involvement of a wide range of specialists such as computer
graphic designers, programmers, and engineers from various fields. Currently, there are very
few ready-made solutions available on the market that could be directly adapted to the
current requirements and issues raised in the educational processes. What is a great
advantage at the stage of education, i.e., the lack of consequences of mistakes and errors, on
the one hand, can pose a significant threat to the development of a sense of responsibility in
students for their decisions. Also, such experiences inevitably accompany actions taken in
the real world. Frequent and long-term functioning in a virtual environment may cause
dependence on it. Then the virtual world seems to be more friendly, better, in which a person
feels more critical, fulfilled, etc.
What is more, limited contact with other people may cause a worsening of the ability
actually to establish interpersonal contacts or work in a team. It should be remembered that
all the time, we refer to the virtual environment, which, despite its many advantages, is not
able to fully reflect reality, especially in terms of the number of details and all the laws of
physics. Therefore, the user's perception of impulses that seem very real is limited to those
anticipated and modeled by programmers. Functioning in virtual reality may result in the
acquisition of a kind of routine, whose effects in this environment are small, and in fact, may
lead to errors, damage, and negligence that significantly affect the functioning of the real
system, its efficiency, and ability to continue operating. The potential negative impact of this
technology on the health of its users should be taken into account when developing
educational programs. This applies, among others, to the so-called simulation disease, which
manifests itself in the same symptoms as a car accident. This is related to the error rate
disorder, resulting from the lack of physical movement when movement appears before the
eyes on the screen.
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4. Analysis and guidelines on how to implement VR
techniques in the teaching process
Virtual reality can be very widely used in the educational aspect. Implementation of
a new, innovative form of classes at universities or other education providers may be a key
aspect of the teaching process in the future, not only in terms of modern educational
techniques but also as one of the elements promoting education providers on a national scale.
Additionally, it may also translate into an increase in the number of potential students.
Modern education requires building an active, multi-level lifelong learning system. This is
particularly important in the case of new technological trends and a new class of services.
This concept is related to the development of global industrial networks to which the design,
production, and management processes of various companies will be connected. The
integration of production should reach a level that allows the manufactured product to
interact with any related object in the global network. The industrial environment promotes
an educational pathway based on the ideas of integration and globalization and the principles
of lifelong learning, including the development of mobility and mutual recognition of
educational documents worldwide.
At present, these ideas are only partially implemented, and new trends are gradually
being implemented in formal and non-formal education processes. One of the critical
changes in the appearance of the education market of ICT-oriented companies that actively
promote the idea of "fast learning of technology." Vocational education has to face new
competition, i.e., international online universities, which offer online courses and can
remotely train many students who have difficult access to classical schools. Among the new
forms of teaching, we can distinguish mass training, personalized, specialized training in
uninhabited areas (uninhabited training) using new technological solutions, including
artificial intelligence, which takes over the role of a teacher. Therefore, costly, intensive
education with the teacher will be based on personal interaction with highly qualified
professionals, collective creative work, and team building and development. Progressive
computerization has set new directions for the development of education, which focuses on
creating new competencies using modern teaching methods. There has been a paradigm shift
from learning based on knowledge and content to teaching based on practical
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competences. In the latter case, the textbook and teacher lose their position as the primary
source of knowledge and information. The content is updated and presented in interactive
multimedia forms, and extensive collections of expertise made available in media formats
replace classical libraries [9].
The aim of academic teaching, as well as vocational education, is to systematize
knowledge, knowledge of technology, and transfer of competences required from future
employees performing their duties in industrial conditions. This means standardization of
competencies (knowledge, technology, attitudes) necessary to ensure high efficiency of
work in an industrial environment. To successfully implement the highest level of
competence among students is essential to improve the level of relevance of education,
training, and qualifications for work [9].
Implementation of VR in the educational system provides more interactive
visualization and interaction experience. In this process, it is crucial that students carry out
experiments and engage in practical work. Sometimes this is not possible due to the high
cost of equipment and reagents or the danger of some experiments. In virtual reality, such
experiments can be carried out as long as the user wishes. All students can then carry out
their experiments and better assimilate the material. Apart from traditional scenarios of
classes using virtual reality, innovative educational tools in the form of games and computer
simulations may prove to be an attractive solution supporting the training process in many
cases. They allow eliminating the disadvantages of traditional classes. A properly designed
training game can increase the involvement and motivation of the participants, and at the
same time, will enable them to observe their real and authentic competences. The purpose
of such training and lectures is to ensure the possibility of transferring the skills acquired in
the game to everyday work. This requires from the trainers who run the game not only
significant substantive and workshop skills, but also trainers. Participants performing tasks
related to the purpose of the game, seemingly unrelated to their daily work, acquire the
ability to apply the skills developed through the game creatively. From the point of view of
the educational process, training games can be divided according to the criteria: time,
content, or purpose of the game (didactic or integrative-entertainment). Training games can
be the main point of training, an element of training, a substantive and organizational
foundation of training, a purely corporate foundation based on which the whole training
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takes place, or ultimately only an attraction involving participants in leisure time. The use of
VR games during pieces of training significantly increases the effectiveness of the teaching
process, and the training takes an attractive, motivating, and involving all participants form.
Additionally, the training becomes original, more interesting, and useful, which
directly translates into the effectiveness of the teaching process. The use of such techniques
in training is an innovative and non-standard solution. VR/AR is used in many training
issues, both hard and soft.

4.1.

VR/AR in school and educational books

Printed paper, the most popular communication support technology (ranging from
books to posters) is still predominantly a "mono media and one-way" communication
channel. Even, when integrated with AR through a camera and an algorithm that can
recognize the content of the page and associated with a platform for finding associated digital
data, it becomes able to connect the message, static and self-contained, with different
perceptual modes and with meaningful, dynamic and multimedia additional content that
improves understanding.
Several publishers, paving the way in the digital age to a new type of content
consumption by enriching the solid consistency of printed paper with the instantaneousness
of the digital, are trying to inject new vitality into one of the oldest media, thus allowing it
to become more interactive, engaging and useful. The combination and juxtaposition of an
AR system with printing are able to provide an extra added value to communication, where
the “whole” becomes more influential and significant than the sum of the individual parts.
In the educational context, among the possible applications concerning printed
contents and

VR/AR, it is possible to classify and distinguish: scholarly books,

encyclopedias for children, books for the teaching of the various disciplines and in the
multiple school orders, technical books for vocational schools, manuals, guides for visits to
cities, etc. Google is also experimenting with new ways of publishing the so-called "native
digital books", an evolution of the eBook designed to offer an original literary, interactive
and easily usable form. These books are published directly online and become an interactive
experience, which adds a new dimension to the traditional paper text. A recent innovation in
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the printing industry is Augmented Books (see Figure 10), where the classic paper book is
proposed as an interface for AR (a visual metaphor). You can associate interactive
multimedia elements with the printed text employing AR display devices. These types of
books can also be multi-user because they can be used simultaneously by multiple pupils
who can interact and communicate with each other.

Fig. 10. VR/AR examples in school and educational books.

Many are confident that paper books will continue to have a place in our classrooms
in the near future, and the evolution of the textbook will be driven by AR, which will
integrate the flat page with 3D images, videos, and interactivity. Also, AR will allow content
to be updated over time and enriched with interactive features. For example, imagine a high
school anatomy book that uses the photo of an arm to start an AR experience in which a 3D
model of bones of the arm is shown above the page of the book or even above the physical
arm of the student and where you can rotate it in any direction or from any angle. In
conclusion, all the various media related to printing can be "augmented," thus leading to
immersive experiences that engage users and make them more sensitive and more interested
in the message or information you want to communicate.

4.2.

VR/AR in school learning

The use of IT and its tools has become a regular part of students' daily life and the
combination of reality with the digitalization of the environment in which they operate,
implies that often pupils (and not only them) are no longer aware that that, in reality, they
are using a "digital tool" that interacts with the world around them, that is, a "computer
interface" that integrates into the real world until it gets confused with it. And it is precisely
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in this virtual immersion, total or partial, that perceived realities intermingle up to the point
where they can no longer be distinguished. The technological novelty brought by VR/AR
requires the introduction of relevant, innovative principles and procedures in the field of
education and training, as it allows to create a new potential for use in the classroom since it
can add new educational content to the real world and also develop new and exciting learning
experiences for students through the possibility of interacting with their surroundings.
VR/AR is becoming more and more surprising thanks to the development of increasingly
creative features, which can offer the users more and more engaging experiences. In this
context, educational research must also take into account and enhance this new digital
evolution, and, through study and operational implementation, it must be able to offer valid
suggestions and provide guidance on possible application consequences. The application of
AR may be able to open up, even in the field of education and training, new, exciting, and
unexpected scenarios. Providing the pupil with “enriched” visual input through AR allows
the teacher to use an experiential teaching approach relying on more engaging, stimulating,
and dynamic learning experiences.
AR – which allows in educational contexts to add, as we said above, virtual content
and interactive modes to a physical environment – facilitates and simplifies the achievement
of more effective learning through a variety of educational experiences. Even immersive,
connected with the possibility of strong real-time interaction, which provides opportunities
for direct experimentation and testing on the field and engages learners more deeply, also
concerning sensory perception and insight. It can, therefore, be defined as an on-demand
learning technique in which the learning environment is adapted to the needs and inputs from
the students themselves. VR/AR, through the versatility of its use in relation to the goals to
be attained (communicative, educational), allows us to create with our students an entirely
innovative, inviting and stimulating learning environment, where "digital" educational
content contributes to enrich the perception of interaction and to "merge and blend" with
objects, tools or experiences that are already part of the regular educational activity and
reality that surrounds our external physical space. All this, as previously anticipated, can
also be defined as "mixed reality", where 3D holographic content is integrated with the
contents of our physical world into a single environment, allowing to create holograms in
a real context and so enabling interaction both through digital content and the real world
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around us. The use of VR/AR allows the transition from a 'teach-listen' approach to a more
active, participatory, and engaging method of study in which students take responsibility for
their learning and become engaged participants rather than passive observers. The
introduction of VR/AR into the school teaching practice can be classified as an educational
activity in line with the principles of constructivist theory since it places learners at the center
of their own learning and puts them in a position to verify and control their own acquisition
process (metacognition) through the strong interaction and the connection with the virtual or
real environment that surrounds them. VR/AR reduces the time involved in communicating
information, allowing time for comprehension, reasoning, comparing, understanding
systemic relationships, multidisciplinarity. This mode of study that promotes the active role
of the student has the potential to increase significantly, even at an emotional level, the
pupils’ ability to "dive" and "engage" in relation to an identical learning content (for example
vocational training on safety or anatomy, user manuals for camera machines and QR Codes,
the study of works of art or objects in museums, active books in libraries, visiting places or
monuments, flight simulations, driving, and so on). This mode of implementation and
approach to teaching makes it possible to accomplish what is also called "augmented
learning" by supporting and enhancing learners’ creative and communication skills.

4.3.

Guidelines for a suitable workplace environment

The underlying software installed in the VR laboratory can be two graphic engines:
Unreal Engine and Unity 3D. Blender 3D can be used to model 3D objects. Surrounding
images create spatial immersion. Then the user can feel that the virtual world is "authentic"
and "real" because the virtual environment is created around it. As the user's real position
changes, so do his position in the virtual environment. Various sensors can be built into
accessories used by participants, such as gloves and overalls, to provide real-time position
feedback or gestures.
The optimal laboratory classroom should provide freedom to work with up to a 12 person
laboratory group. A solution based on the VR auditorium is proposed. During classes
conducted in the form of a lecture, the student can use VR goggles to move to virtual reality
for a specific time in separate or joint VR sessions. The lecturer may ask the participants to
move to the virtual world in order to present a separate part of the material using VR
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technology. Depending on the type of VR kit chosen, it is necessary to use dedicated base
stations, which can be suspended from the ceiling or fixed to the stand. The auditorium
should have a minimum of 40-45 m2 to allow for lecture and practice classes. In the case of
using mobile VR sets, a work area with minimum dimensions of min. 3.5 x 4 meters to allow
users to move around safely when using VR technology.

4.4.

Guidelines for preparing staff to implement VR technology

in education
VR/AR technologies are a powerful approach to improving e-learning, which can
lead to significant development of the learning process and achievement of essential
educational goals. The main objective of this strategy is to build an interactive environment
in which students engage in the learning process. It is a tool that takes students to the most
practical situations in which they can acquire knowledge and skills without any limitations.
It helps to replicate possible scenarios and teach students specific techniques. The role of
a lecturer is still significant. It should come down not only to the position of a mentor,
professional advisor but also to a work organizer, expert in knowledge, and active learning.
The lecturer/trainer should have significant knowledge of the subject and experience in the
course.
The SAMR model is usually used to assess the use of new educational technologies
in teaching. The first letters of SAMR stand for: Substitution; Augmentation; Modification;
Redefinition. The SAMR model describes four levels of introducing new educational
technologies in didactics. The proposed courses/training should meet the criteria included in
this model. This model designed to help teachers/trainers integrate technology into the
teaching and learning process. This model has been popularized by Dr. Ruben Puentura. The
aim of the model is to support teachers' activities and to enable the design, development, and
introduction of digital learning experiences, using technology and transforming learning
experiences into higher levels of student achievement. The model describes different ways
of using technology in teaching. It shows a constructive change in the training process.
Conducting classes using new technologies increases the effectiveness of learning because
it activates both brain hemispheres equally: the left, which assimilates what is verbal, and is

Page 23 of 93

responsible for analytical thinking and counting, and the right, which receives emotions,
images, and is responsible for creativity, spatial imagination and abstract reasoning [10].
By using VR/AR devices, the recipient's imagination is stimulated by moving them
into virtual reality, making it easier to enter a new environment. The student is not always
able to imagine how he will be able to behave in a given workplace based on images alone.
The key to optimal use of any available technology for educational purposes is the
knowledge of the lecturer/trainer and his experience with the tools he can use in the teaching
process. The lecturer/trainer should offer students an appropriate task using the tool. Due to
the continuous development of information techniques and the richness and availability of
educational tools, the lecturer must continuously develop his knowledge to be up to date
with current technologies. The implemented VR/AR technology allows us to build up one's
own set of tools, which will be used by the students to carry out specific activities, covering
the main functions of education: memorization - understanding; application; analysis;
evaluation; creation.
Trainers are individuals who create an educational situation. In a VR/AR
environment, the trainer is also responsible for preparing the educational case. An important
issue is to develop the tools available during the course properly. Very often in VR-based
training, a whole team of people is responsible for the implementation of training: expert,
methodologist, sometimes moderator, programmer, graphic designer, and help desk. A good
teacher must have the qualities of all these professions. Thus, the role of the trainer is
modified in relation to traditional teaching, who must take responsibility for the quality and
effectiveness of the training process. The trainer must not only manage the training, analyze
the student's progress, but also maintain the teaching process, stimulate development, and
study the effectiveness of the training.
The trainer must, therefore, not only be technically competent but must be able to
prepare an attractive virtual world, correct in terms of content, and at the same time, be able
to give feedback, prepare additional exercises and tasks for the student. It is also important
to remember to create a learning-friendly atmosphere, so interpersonal features are also
important.
Currently, there is a growing demand for employees in the STEM sector (science,
technology, engineering, mathematics). The key learning mechanisms in STEM are
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processes focusing on perception, attention and memory methods, reasoning and thinking,
modeling and analogy, construction and meaning transfer in cognition and learning
processes and digital competence, and new technologies (AR, VR, IoT). The latest trends in
education show a move away from STEM to STEAM by adding the word "Arts" - aimed at
changing classical training models towards creating creative learning environments and
skills. In this case, in particular, the use of VR technology can ensure an innovative character.
Education of the 21st century combines the desire of students to acquire the skills to search,
verify, and then use the existing and widely available knowledge, which is the basis of
creativity. Modern education is therefore supposed to lead to the formation of awareness,
a creative attitude, and making choices that bring closer to the goals, consistent with the
purpose and needs of each subject, and this requires from the lecturer or trainer appropriate
predispositions and artistic sense.

4.5.

Skills and competencies achievable by immersive training

Participation in VR training is entirely safe. It allows us to simulate fully realistic
conditions during any production, to place a human being in this environment and without
risk to allow him to make any number of mistakes during the education process. It enables
you to acquire the right competencies, both soft and hard. Competence is a set of theoretical
knowledge, practical skills, and specific behaviors that facilitate effectively and quality
assurance of the tasks set. According to J. Coolahan, competence is a general ability
(capability) based on knowledge, experience, values, and inclinations acquired through
VR/AR training.
Participants can perform the most complicated and dangerous operations. This way,
the employee, who will practice any hazardous scenarios in the world of VR, knows
perfectly well how to behave in similar circumstances in the real world.
Competencies vary depending on the position held and the area of activity pursued
by the employees. There are many classifications of competences, such as the IPMA
Competency Baseline model developed by the International Project Management
Association or the Professional Competency Standards for Project Management –
a competence model developed by the Australian Insitute for Project Management. The most
common division of competences is grouping them according to the type of tasks performed
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by employees. This division is promoted by R.L. Katz, among others. There are three main
groups in this classification:
•

technical competences,

•

conceptual competences,

•

social competences.

Technical competence is related to the activity of using tools, methods, and
technologies in the selected area of activity. Conceptual competence is the ability to
create and coordinate activities aimed at the creation of tangible or intangible goods. When
an employee holds an executive position, it is the ability to have a holistic view of the
company and the relationship between its parts and to understand how specific changes can
affect its market position. In this case, conceptual competence is closely linked to making
the right decisions. Social competence is linked to the ability to cooperate with other
people, understand their actions, and influence their decisions.
Each training must use teaching aids. These are material objects affecting the human
senses, used in the educational process, whose task is to facilitate the learning of selected
aspects of reality. Technical teaching aids like VR/AR are part of the classification proposed
by E. Fleming and J. Jacoby, who distinguish the following groups of teaching aids:
-

natural (being fragments of natural reality),

-

symbolic (presenting elements of reality using symbolism),

-

technical (indirectly offering elements of reality).

Natural means are mainly various kinds of exhibits, the use of which makes it
easier to understand the functioning of certain parts of the natural environment. Symbolic
means are textbooks, technical drawings, graphs, maps, or character sets that aim to
improve the analysis, synthesis, and comparison of things, phenomena, and the formulation
of generalizations, including concepts that are essential components of knowledge.
Technical means are technical objects of varying degrees of complexity, affecting the
human senses. There are four main groups of such measures: visual, auditory, visualauditory, and automation.
Augmented reality systems are automatic technical teaching aids. It is a technology
that uses digital image processing and analysis techniques, combining the real world with
virtual reality. The application of augmented reality can significantly improve design skills
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by making it easier for the trainee to present the effects of actions taken or complex
structures, e.g., the location of specific elements. If augmented reality is used to enhance
conceptual competence concerning process coordination, applications may involve
processes related to the functioning of particular systems, e.g., production or decision
making. In the future, applications simulating the behavior of certain individuals or groups
should appear.
An example is the simulation of the behavior of a group of people during the
evacuation from endangered places (e.g., a ship). The trainee could observe how his or her
decisions affect the behavior of the crowd, standing in a place where he or she is to carry out
tasks related to the coordination of such activities in the future. The application of augmented
reality significantly improves the skills related to communication with other people.
An example is the presentation of verbal information in the form of translation from one
language into another near the figure of a person with whom dialogue is conducted or the
presentation of behavior during meetings.
Improvement of technical competence is based on the implementation of a training
model allowing for activities related to the maintenance, repair, and servicing of technical
equipment and processes. The main advantage of such a system and similar solutions is the
reduction of training time and participation of the trainer. The user, seeing the image of the
device together with the generated hints, can independently perform activities for which he
was not trained before. The implementation of augmented reality systems in improving
professional competence may, in the future, be an essential component to increase the
efficiency of training methods. Rapid technological progress is conducive to the emergence
of innovative technical solutions, such as augmented reality, that improve the learning
process. The role of technical teaching aids in the process of enhancing competences is
continually growing, mainly due to the need to transfer knowledge and skills to students as
soon as possible. VR training has cognitive functions (they bring closer the complex aspects
of reality and make it easier to get to know the analyzed issue in more detail), didactic (they
are used to solve complex problems and verify the results of developed solutions),
motivating (they develop interests, attitudes and have the effect of interest in the subject of
learning). The above-mentioned functions of technical teaching aids are usually combined
with each other, resulting in the synergy effect [12].
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4.6.

Guidelines for assessing the possibility of implementing VR

elements in the educational process
The initial stage of the analysis of the opportunities for using VR elements in the
educational process should be based on a thorough review of curricula. To carry out the
evaluation, a coherent set of universal evaluation criteria should be developed.
The first criterion for assessment is the evaluation of the possibility of choosing
appropriate techniques to support the learning process: Virtual Reality (VR), E-learning
(EL), Resource Virtualization (V). Each higher education institution or vocational training
center should revisit the existing training plans and all the subjects, modules of education
available there, to apply innovative forms of learning. Each training module is characterized
by a different level of susceptibility to the use of techniques supporting the educational
process. Interviews conducted with experienced teaching and scientific staff have shown
that the most frequently used form of support for traditional classes is E-learning and
virtualization of laboratory resources. That is why VR technology was compared with these
forms. Each technique was evaluated in the context of a given training module on a scale
from 0 to 5 (0 - no vulnerability, 5 - high vulnerability).
Another important criterion to evaluate when analyzing existing training plans is the
time needed to implement VR technology within a given training module. It is possible to
accurately estimate the time required to achieve a given didactic scenario for specific
techniques in the so-called working hours. At this stage, this action is too time-consuming
and pointless. Therefore, to determine the time consumption, a dimensionless scale from 1 to
5 was adopted, where 5 means a very long implementation time and one relatively short time
needed to implement VR techniques for a given module.
Due to the high dynamics in the emergence of new technologies, solutions, or
changes in procedures in specific industries, it is essential to determine the average life
expectancy of VR scenarios prepared within a given training module. This criterion
describes the expected time during which a given VR scenario can be operated without
changes. It will be assessed using a scale: short(s), medium(m), long(l).
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4.7.

Example of a VR training session in a selected Rzeszów

University (Poland) teaching module
The purpose of the sample training application in the VR environment was to
familiarize students with the basic elements of the Socata TB-9 "Tampico" training aircraft.
(Figure 11), 7 units of which are owned by the Aviation Education Centre of the Rzeszów
University of Technology. In addition to mapping the interior, based on previously taken
photographs, an exercise was programmed to make it easier to remember the pre-start
procedure of checking the cockpit.

Fig. 11. Socata TB-9 "Tampico" airplane located in the Aviation Training Centre of the Rzeszów
University of Technology.

The number of participants is limited by the availability of VR equipment. It should
be remembered that the trainer should supervise the training process, sometimes moderate
and change the course scenario, so the number of students cannot be too high. Simple
procedures can be practiced by students on their own, but in further stages of the training,
feedback from the trainer, assessment of student behavior, etc. is essential, which requires
continuous observation by the trainer. Due to health aspects, the time spent in VR glasses
cannot be too long at once.

4.7.1. Details of the implemented training procedure
The procedure selected for the presentation is called "Preflight - cockpit." It consists
of six steps, as shown in Table 2. The third column describes each of them.
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Table 2. “Preflight – cockpit” procedure task list for Socata TB-9 "Tampico" aircraft.
Cockpit element

Cockpit element status

Activity description

Ignitions switch

OFF

Checking that the ignition switch
is in the off position

Controls lock

REMOVED / CONTROLS
FREE

Checking if the rudder lock has
been removed / can the rudder be
moved

Master switch

ON

Voltmeter

CHECKED

Checking the voltmeter display
(green field display)

Fuel quantity

CHECKED

Checking the fuel level in both
tanks

Trimmer

CHECKED / SET

Checking the calibration of the
rudder

Switching on the main switch

Modeling of individual elements of the cockpit was done with the Blender 2.80 tool
distributed under GPL license. The comparison of the virtual cockpit with the real cockpit is
presented in Figure 12.

Fig. 12. Cockpit model with textures (left) and a photograph of the real cockpit, on which the
model was based (right).

Each time the button is pressed, it also triggers the playback of the sound that imitates
this action, requiring the addition of an "Audio Source" component to operate (Figure 13).
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Fig. 13. Main Switch on (left) and the indicators it activates (right).

The list of tasks to be performed by the user has been decided to place it as an element of
the cockpit just in front of his face so that it is visible. Inside it, there are previously prepared
graphics with a list of tasks and a symbol indicating that the activity has been completed
(Figure 14).

Fig. 14. The object of “Canvas” type containing a list of tasks.

4.7.2. The procedure of the exercise
After putting on the VR goggles, the person who is practicing sees the inside of the
virtual cockpit. The purpose of the training, in this case, is the pre-start procedure. The
actions to be performed are displayed in the form of a board located above the instruments
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in front of the player. Virtual gloves are used to interact with the environment and are
controlled by HTC Vive controllers. Pressing a specific button of the controller puts your
fingers in a corresponding gesture. Due to the small size of the cockpit elements, it is
advisable to make a virtual glove gesture in which only the index finger is straightened
(Figure 15). An attempt to interact with an open hand can result in contact with many
elements simultaneously.

Fig. 15. Glove gesture with index finger straightened out, and a diagram of the controller with
a button behind it marked with number 8.

In the course of the procedure, there are activities that actually consist of a visual assessment
of the element. Due to the need for the application logic to recognize whether a given action
has been performed, the visual check should be additionally confirmed by touching the
element. In the second task, where the possibility of manipulating the rudder has to be
checked, touching the rudder starts the animation that moves it (Figure 16).

Fig. 16. Rudder object during the animation.
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Activities 1, 2, 3, and 6 can be performed in any order. The fourth and fifth task requires to
pass the first step no. 3 to pass correctly. This is related to the activation of the voltmeter and
fuel level indicators only after turning on the main switch. Turning off the main switch not
only cancels task no. 3, but also tasks no. 4 and 5 (Figure 17).

Fig. 17. List of tasks performed without sequence, before and after switching off the main switch.

Despite the almost complete freedom to go through the procedure, the elements are marked
with a pulsating backlight in the order that has been saved on the board. The light changes
its diameter (Figure 18), which attracts the user's attention so that he finds the object he is
looking for faster.

Fig. 18. States of glow-shifting animation.

The created application has been successfully tested. Users positively evaluated the
effectiveness of using VR technic. According to the suggestion, they would be happy to learn
other procedures after the extension. Some problems have been noted in the handling of
controllers and interaction with small components, especially those close to each other. This
is undoubtedly an aspect that has to be taken into account when developing the application
and limiting possible applications.
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4.8.

Example of a VR training session in a selected Ies Dels

Banyols – El Prat del Llobregat (SPAIN) teaching modules
In order to carry out the training, it has been planned to do 3 different types of
courses: CFM56 Interactive course – PC,

CFM56 Interactive course – AR, FCM56

Interactive course – VR. It is important to keep the order in which these courses are advanced
because, as you can see, the training goes from a course in which you are only in front of
a screen to the VR, where the student can already interact and enter more deeply into the
engine.
4.8.1.

CFM56 Interactive Course – PC

The interactive PC course is a purely theoretical training course. In this course, the
turbine engine specialist teacher explains the different components and processes of a
CFM56 engine (Fig. 19). Before starting the training, the teacher makes an explanation of
the application that is going to be executed, making mention of the different movements that
can be made, the different accesses that can be interacted, etc. At this point, the students are
attentive to a projection and do not yet have access to their PC.

Fig. 19. CFM56 Interactive Course - PC.
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For the PC formation it is important that the movement is on a fixed point and a turn
is made on this point. On the other hand, the student can interact with the engine, opening
and closing cowlings. By clicking on the turbine, one can observe how the cowlings and
even the reverse cowlings are displayed, see Fig. 20.

Fig. 20. Interaction with the engine, opening and closing cowlings.

The vertical bar on the right corresponds to the zoom or size bar (Fig. 21 left). This
bar allows us to zoom in or out of our engine. It is a comfortable bar to use, since in some
moments of the training the trainer will need to make a general or specific explanation of a
piece.

Fig. 21. Interaction with the engine: size (left), assembly (right).

The assembly bar is the horizontal bar whose function is to decompose the motor in
different parts (Fig. 21 right). In this way, an exploded view of the motor is obtained so that
the student can identify and understand different parts of the motor. The teacher will explain
each part and its different characteristics.
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Fig. 22. Interaction with the engine: air flows – inside/outside option..

Two other interesting accesses are the air flows. These icons can activate or
deactivate a simulation of the primary and secondary air flow (bypass).
The red icon corresponds to the primary flow, where one can see how the air flows
inside the engine (Fig. 22 left). The blue icon corresponds to the secondary flow, where one
can see how the air flows through the fan (Fig. 22 right). On the other hand, if reverse is
activated, the change in flow can be observed as a braking system.

Fig. 23. Interaction with the engine: air flows – inside/outside option.

If both icons are activated, both flows can be represented simultaneously (Fig. 23). During
the training the instructor can make use of the label option. This option allows the names of
the engine parts to be displayed on a label. The application has been programmed in such a
way that the engine is separated into 2 parts, the inner part (outside) and the outer part
(inside).
By clicking on the Outside option (Fig. 24 left), a list of engine parts is displayed,
and by selecting one can see how the label appears on the engine. In the same way as in the
Outside option, when selecting the inside option (Fig. 24 right), a list of engine parts is
displayed and when selecting one can see how the label appears on the engine. It is important
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to add that for the use of inside it is required to break down the engine because if one do not
disassemble the engine you cannot identify the parts properly.

Fig. 24. Interaction with the engine: outside/inside option.

Once the presentation of the engine, its different access and movement options, is
done, students can already access their TMA p:\tma-alumne folder where you can run the
application. At this point is when a joint training between the student and the teacher takes
place (Fig. 25).

Fig. 25. PC - training session.

Once the training has been completed and all the concepts learned, a knowledge test
can be carried out. This option can be found at the bottom of the Outside or Inside dropdown menus. In this case, when starting the test, the labels that previously described the part
of the engine appear in white and it is when the student must select from the drop-down list
the corresponding option.
Once the test has been completed, the total number of hits appears at the bottom left
of the screen.
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4.8.2. CFM56 Interactive Course – AR
After the training with PC, the next interactive course is the Augmented Reality (AR)
training. This course is similar to that with PC, with the same options described in the
previous point, but this time, the difference is the use of Augmented Reality, where the
student must move around the engine to locate the parts indicated by the labels (Fig. 26).
This option helps the student to get more into the engine and to have an overall concept of
the dimensions (Fig. 27) For the student to access the APK application, they need to
download it from the TEAMS OFFICE shared folder.

Fig. 26. CFM56 Interactive Course - AR.

Fig. 27. CFM56 Interactive Course – AR training session.

4.8.3. CFM56 Interactive Course – VR
This course is the last point of the training. With the knowledge obtained through PC
and AR the student can already start the training with Virtual Reality (VR) – Fig. 28. The
big difference with the previous courses is the representation of the engine in real
dimensions. For this, it is necessary to carry out the training in an area with a sufficiently
large space so that the student can move around the engine without problems (Fig. 28 right).
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The material used for this course is a pair of Oculus glasses (Fig. 28 left) and their
corresponding controls.

Fig. 28. CFM56 Interactive Course – VR training session.

As for the movement, it can be done freely and without problems. As in previous
courses, this version makes use of the same accesses and icons, but instead to be able to
activate or deactivate the hand controls are used.
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4.9.
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The selected VR training sessions in Italy
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5. Analysis and evaluation results of the local training in
I-Trace project
5.1.

Analysis and evaluation results of the local training event in

Rzeszow (17-21 February 2020)
A local training at the Rzeszów University of Technology as part of task C3 was carried
out on 17-21 February 2020 on VR/AR techniques in the teaching process. The photos (Fig.
29 – Fig. 35) show the participants of the training, the equipment used and the rooms in
which the training took place.

Fig. 29. Training opening - inaugural lecture: Prof. R. Śliwa, Ph.D. Eng. P. Dymora, Ph.D. Eng. M.
Mazurek - trainers in the I-Trace project.
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Fig. 30. VR training session - Creating a VR environment in Unity.

Fig. 31. VR training session - Creating a VR environment in Unity - practical exercises.

Fig. 32. VR training session - environment in Blender/Unity - practical exercises.
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Fig. 33. VR training session - Construction of a virtual prototype.

Fig. 34. VR training session - practical exercises
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Fig. 35. Implementation of the VR flight simulators for the parachute training (PILC Company) –
practical exercises.

The

training

covered

two

target

groups:

students

and

industry

(specialists/teachers/instructors) for 40 hours. Lectures, study visits, and workshops on
topics were conducted:
•

dr inż. Paweł Dymora (PRz) - Introduction to VR / AR technology;

•

dr inż. Mirosław Mazurek (PRz) – Immersive learning in education process.

•

mgr inż. Michał Wroński (PRz) – Creating 3d models for VR environment in
Blender;

•

mgr inż. Bartosz Kowal (PRz) - Creating a VR environment in Unity on the
example of an airplane desktop;

•

dr inż. Piotr Grzybowski (PILC) - Applications of VR and AR in production
organization;
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•

dr inż. Piotr Grzybowski (PILC) - Application of the VR flight simulators for the
parachute training;

•

dr inż. Maciej K. Ginalski (Symkom) – Teaching the invisible – Virtual
Prototyping;

•

mgr inż. Jakub Sawulski (Symkom) – Designing aircraft control systems in a
virtual environment;

•

mgr inż. Piotr Buliński (Symkom) – Modeling of light in virtual space: Ansys
Speos & VRXPERIENCE;

The training lasted for five consecutive days after 8h lessons per day. In total, 40 hours
of training were conducted by specialists and experienced lecturers from the Rzeszów
University of Technology, representatives of the aviation industry, and companies providing
VR/AR solutions in education. The detailed agenda of the training is divided into particular
groups of participants is presented in Figure 36:

Fig. 36. The detailed agenda of the local training in Rzeszów.

All course participants, both before and after classes, completed questionnaires concerning
expectations (PRE survey) as well as training evaluation (POST survey). In Figure 37 PRE
questionnaire template is presented and in Figure 38 - POST questionnaire template.
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Fig. 37. Evaluation questionnaire – PRE.

Fig. 38. Evaluation questionnaire – POST.
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5.1.1. Analysis of the results of the preliminary questionnaire
Nearly 24 participants attended the course. Half of the participants were mainly students
of the Faculty of Electrical Engineering and Computer Science of the Rzeszów University
of Technology, studying the following faculties: computer science and automation. The
second group of attendees is employees of the aviation industry of many companies located
in the Podkarpackie province. Before the training was conducted, a preliminary survey was
carried out on the expectations that the course participants have for the whole training. The
main questions asked in the preliminary study shown in Figure 30 are:
1. What would you like to learn most in the theoretical course?
2. What would you like to learn most about the practical course?
3. What subject would you like to explore in training, important for your
organization's prospects?
4. What are your specific expectations from this training?
Concerning the first question, the majority of respondents answered that they were
interested in learning about both theoretical and practical issues concerning and in particular:
-

basic of the idea VR systems, possible ways of using VR/AR, practical training,

-

the possibilities of software supporting the construction of simulations, e.g., ANSYS,
Unity, Blender,

-

building simple solutions in VR/AR,

-

creating a 3D project and using artificial intelligence to creating the interactive objects

-

new solutions of pieces of training,

-

main hardware specifications and VR capabilities,

-

methods of graphic modeling, both 2d and 3d, including modeling of interactive
animations.

With regard to another question, participants in course wanted to explore:
-

new ideas for training implementation, fast ways of improving training,

-

aerodynamic modeling of aircraft with flexibility,

-

fluid dynamics and information flow numerical simulations,

-

artificial intelligence and making simulations,

-

trying to find new ideas to optimize internal processes,

-

designing VR applications,
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-

development of VR models, Unity 3D, Oculus Rift system.

In relation to the most critical question, about personal specific expectations from this
training, the participants mainly gave the following answers:
-

increase knowledge,

-

getting to know ANSYS packages,

-

practical use of software,

-

methods and software for using in the cockpit and outer environment modeling,

-

extend knowledge about immersive learning in VR,

-

find new training and innovative solutions,

-

checking what new universities conduct,

-

experience VR/AR, Unity Engine, C# language, 3D modeling.
As can be seen, the expectations of the students are very different and cannot be met

in such a short training. However, all of them indicate a desire to learn about the possibilities
of VR technology and its use in training. Due to the multitude of available technologies and
solutions, it is necessary to limit oneself to selected techniques in the future and develop
them to a greater extent.

5.1.2. Analysis of the results of the questionnaire after the training
In the POST survey that the course participants completed after the training, they
were asked to respond to the following questions on a grade scale from 1 (poor) to 4
(excellent) - Figure 39:
1. Overall, I am satisfied with the training course.
2. The program content supported learning objectives.
3. Your personal goals for this course have been achieved.
4. Quality of the handouts provided.
5. The course length was sufficient to deliver the contents.
6. The trainer(s) was/were prepared on the topic.
7. Interactive and useful learning environment.
8. Training facilities were suitable for learning.
9. The organization & preparation of training were suitable.
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10. I learned something useful.
11. I’m glad I came.
In the further part of the study, we will present an analysis of the results of the POST
surveys. As mentioned, 24 participants took part in the training. On the scale from 1 to 4,
they answered the above 11 questions. Moreover, they had an opportunity to give additional
answers to 5 open questions, which remained in correlation with the PRE questionnaire. The
detailed distribution of answers is shown in Figure 39.
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Fig. 39. Evaluation questionnaire POST analysis by the question.

Figure 40 shows the distribution of answers to Question 1: Overall, I am satisfied
with the training course. As we can see, all course participants expressed their satisfaction
with the training. The median response rate was 4 (or excellent), with 54% of responses
being 4 (excellent), 46% (11) being 3 (very good).
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Fig. 40. The distribution of answers for question 1.

Figure 41 shows the distribution of answers to Question 2: The program content
supported learning objectives. As we can see, the evaluation of the content of the program
was similarly good. The median response rate was 3.5 (i.e., 50% of responses were 4
(excellent), 50% of responses were 3 (very good).

Fig. 41. The distribution of answers for question 2.

Figure 42 shows the distribution of answers to Question 3: Your personal objectives
for this course have been achieved. Analyzing the chart, we can assume that the objectives
set at the beginning of the training were mostly met. The median response rate was 3.2, with
37% of responses being 4 (excellent), 46% of responses being 3 (very good), and only 17%
rating 2 (good).
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Fig. 42. The distribution of answers for question 3.

Figure 43 shows the distribution of answers to Question 4: Quality of the handouts
provided. The quality and quantity of training materials were evaluated positively. The
median response rate was 4, with 58% of the responses being 4 (excellent), 34% of the
responses being 3 (very good), and only 8% having a rating of 2 (good).

Fig. 43. The distribution of answers for question 4.

Figure 44 shows the distribution of answers to Question 5: Course length was
sufficient to deliver the contents. Analyzing the chart, we can assume that due to the sizeable
thematic scope, participants would like the course to be longer, and it is reflected in the
evaluation. The median response rate was 3, with 38% of responses being 4 (excellent), 54%
of responses being 3 (very good), and only 8% giving a rating of 2 (good).
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Fig. 44. The distribution of answers for question 5.

Figure 45 shows the distribution of answers to Question 6: The trainer(s) was/ware
prepared on the topic. The rating of the trainers' team was very good. The median response
rate was 4, with 92% of the responses being 4 (excellent), while only 8% rated 3 (very good).

Fig. 45. The distribution of answers for question 6.

Figure 46 shows the distribution of answers to Question 7: Interactive and good
learning environment. The respondents rated the interactive and good learning environment
as the maximum. The median response rate was 4, with 67% of responses being 4 (excellent),
29% of responses being 3 (very good), and only 4% rating 2 (good).
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Fig. 46. The distribution of answers for question 7.

Figure 47 shows the distribution of answers to Question 8: Training facilities were
suitable for learning. Training facilities were suitable for learning for 71% of respondents
to 4 (excellent), 25% of responses to 3 (very good), and only 4% rated 2 (good). The median
response was 4.

Fig. 47. The distribution of answers for question 8.

Figure 48 shows the distribution of answers to Question 9: The organization &
preparation of training were suitable. The organization & preparation of training were
suitable at the degree of excellent for 71% of respondents, very good for 25%. Only 4% of
all participants rated the organization as good (mark 2). The median response was 4.
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Fig. 48. The distribution of answers for question 9.

Figure 49 presents the distribution of answers to Question 10: I learned something
useful. Analyzing the chart, we can see that most of the respondents learned new and
valuable skills. As many as 54% of respondents rated the usefulness of the training content
as excellent and very good for 46%. The median response rate was also 4.

Fig. 49. The distribution of answers for question 10.

Figure 50 presents the distribution of answers to Question 11: I’m glad I came. As
we can see, the vast majority of respondents were satisfied with their participation in the
training. 79% of those questioned rated the maximum and very good, only 21%. The median
response rate was also 4.
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Fig. 50. The distribution of answers for question 11.

In the POST survey, five open questions were asked about the general evaluation and
individual opinions about the organization, subject matter, and scope of the training. These
questions are similar to those in the preliminary questionnaire PRE in order to verify whether
the participants' expectations before the start of the course have been met or whether they
have other comments and observations after the course. In the following points, the answers
to individual questions were analyzed.
Concerning question number 1: What did you like most about the theoretical course?
The respondents, the respondents stated that they were interested in the following issues in
their theoretical training. The individual answers provided are as follows:
- multiuse and advanced usage simulation,
- very interesting introduction to the VR/AR,
- getting familiar with ANYS, Unity, Blender software,
- selection of content and materials for the duration of the course,
- explanation of practical use,
- short review newest about technology,
- a presentation about virtual prototyping and VR,
- demonstration teachers experiences in VR,
- a lot of knowledge supported by practical examples,
- well prepared lectures, interactivity with students, fully-fledged presentations,
- high competencies trainers,
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- simulations in Ansys,
- creating the world in Unity,
- some as practical excellent.
According to question number 2: What did you like most about the practical course?
the individual answers provided are as follows:
- the simple and useful environment with easy to use functions,
- possibility of use presents software,
- practical training,
- step by step training,
- practical course of Blender software,
- work in professional software,
- the opportunity of creating in VR,
- practical aspects,
- a quick glance about a broad topic,
- Aircraft Engine Lift Bracket – modeling materials geometry, structural, calculation
types, evaluate results,
- clear instructions, the opportunity to learn about new programs and their functions,
- experiencing VR, acknowledging wit SCADE, Unity, Ansys,
- preparations of workstations,
- discover some new useful apps,
- to be able to modify parts of some constructions, engines, graphically
- the VR parachute experience was the most interesting and memorable,
According to question number 3: What do you think could be added, dropped or
changed to improve the training? Respondents suggest that in the future, such a course
should be slightly modified so that it includes and takes into account the following aspects.
The individual answers provided are as follows:
- more industrial companies and creation for networking,
- training should be no longer than 1 hour,
- tutorials for beginners,
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- more times to VR headsets,
- more practical examples,
- the practical part could be more advanced,
- longer lectures, creating own VR application,
- more suitable organizations.
Question number 4: Are there any other comments about the training event that you
would like to make? The individual answers provided are as follows:
- it is a very useful method of the first look at new software and technology,
- more events and collaboration between industry and university,
- it should be longer because there was not enough time to try everything,
- the course took place in a very positive atmosphere which helped in learning new
knowledge,
- well organized,
According to the final question number 5: How are you capitalizing training results
and learning outcomes on your organization and local dimension for the progress of the
project? respondents stated the following answers:
- basic simulations mostly stress analysis and displacements simulations,
- presented tools are suitable for teaching activity of PRz,
- the given topics have high potential and can improve work and allow the development
of new opportunities, validation before deploy,
- it develops his mind,
- it significantly increased knowledge about VR/AR technology and SCAD systems,
- use it in future work and projects,
- expanded knowledge.
As we can see from the presented results, the overall evaluation of the training is
excellent. One should only pay attention to some mismatch of participants in terms of the
level of basic knowledge, a conflict associated with different levels of participants. As you
can see, some would prefer to spend more time on practical exercises, and some would prefer
to spend more time on lectures and to do all the step-by-step examples.
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5.2.

Analysis and evaluation results of the local training event in

Ies Dels Banyols – El Prat del Llobregat, SPAIN (29 september - 2
october 2020)
5.2.1. Introduction
The aviation industry is constantly immersed in new technological solutions to adapt
to different technological challenges and passenger demand. Within these challenges,
Virtual Reality (VR) and Augmented Reality (AR) technology can be a great tool to provide
an aid and improvement in terms of Aircraft Maintenance Technicians (AMT) training. The
following manual details the techniques used for a didactic training of the CFM56 turbine
course. In a virtual environment, either VR or AR, it can provide an interactive, agile and
safe environment for an aircraft maintenance student and in turn for a training organization
such as Illa del Banyols ensures an innovative training methodology.
5.2.2. Development of virtual training
For training in virtual reality systems to be effective, it is necessary to remember the
realism of the phenomena and simulations presented. The simulation scenarios created or
scenarios of educational activity must reproduce processes, objects and environments as
accurately as possible, similar to the real world. A high level and quality of the experience
is important to allow the effective realization of the educational objective adopted. VR and
AR will allow to map practically all the processes in each event and at any time. For this
purpose, the following stages have been carried out (Figure 51).
Visual
preparation and
design

Training vs
Virtual
Interaction

Implementation

Fig. 51. Diagram of virtual training process.

In VR and AR applications, the user is the central figure. To achieve the right level
of immersion and interaction, the system must provide the user with as many real-world
signals as possible to replace sensory experiences such as touch, vision, and hearing. To this
end, our project generates images by stereoscopic devices and gesture recognition and
tracking systems using controllers and sensors.
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5.2.3. Training Program
The CFM56 turbine in VR and AR training was carried out during 29-30 September
and 01-02 October at the same facilities of the Illa dels Banyols center. Two groups were
covered: 21 students and 3 companies from the maintenance sector for 14 hours. The
methodology was visits to the center, conferences and workshops on topics:
•

Course presentation

•

Introduction to VR/AR technology

•

Interactive CFM56 course – PC

•

Interactive CFM56 course – AR

•

Interactive CFM56 course – VR

The training lasted five consecutive days with 4 hours of lessons per day except
Fridays of 2 hours. In total, 14 hours of training were conducted by specialists and teachers
experienced by the training organization (Illa dels Banyols) and the company that provided
virtual reality and augmented reality solutions (CampusNet). The detailed agenda of the
training is divided into particular groups of participants is presented in Figure 52.

Fig. 52. The detailed agenda of the local training in Ies Dels Banyols – El Prat del Llobregat.
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All course participants, both before and after classes, completed questionnaires on
expectations (PRE) as well as training evaluation (POST) - showed in Fig. 53 and Fig. 54.

Fig.53. Evaluation questionnaire – PRE.

Fig.54. Evaluation questionnaire – POST.
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5.2.4. PRE training analysis (students)
As mentioned above, prior to the training, a preliminary survey was conducted on
the expectations that the course participants have for the entire training where, the following
results were obtained:
o Do you find the course interesting?
o Do you think the course will bring you new knowledge?
o Do you think the program will achieve the detailed course objectives?
o How do you feel about the quality of the course?
o Will the duration of the course be sufficient to provide extensive content?
o Do you have knowledge about the CFM56 turbine?
5.2.5. Do you find the couse interesting?
Regarding the results of this point, it has been observed that 71% of the students
consider it very interesting. The distribution of answers for Q1 has been shown in Fig. 55.

Do you consider the course interesting?
Something
Nothing
0%

Quite
29%

A lot
71%

Nothing

Something

Quite

A lot

Fig. 55. The distribution of answers for Q1.
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5.2.6. Do you think the course will bring you new knowledge?
As far as the results of this point are concerned, it can be seen that there is an
equidistance between much and quite a lot of 40% but there are 9% students who consider
that the course will bring something to it. It has been shown in Fig. 56.

You think the course will bring you new
knowledge.

A lot
48%

Nothing

Nothing
0%Something
9%
Quite
43%

Something

Quite

A lot

Fig. 56. The distribution of answers for Q2.

5.2.7. Do you think the program will achieve the detailed course objectives?
At this point, it can be seen that 62% of the students believe that the program will
achieve the detailed course objectives. On the other hand, there are 24%, that is, a quarter of
them think that the program will achieve some of the objectives. The distribution of answers
for Q3 has been shown in Fig. 57.
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You think the program will achieve the detailed
objectives of the course.
Nothing
A lot
Something
14% 0% 24%
Quite
62%

Nothing

Something

Quite

A lot

Fig. 57. The distribution of answers for Q3.

5.2.8. How do you feel about the quality of the course?
Regarding the quality of the course, it can be seen that there is already a balance
between a lot (24%), quite a lot (43%) and some (33%). This balance is important since it
will define at the end of the course a general result encompassing the teacher's knowledge,
technological use, etc. The distribution of answers for Q4 has been shown in Fig. 58.

What feeling does it give you in terms of the
quality of the course.
A lot NothingSomething
24% 0%
33%
Quite
43%

Nothing

Something

Quite

A lot

Fig. 58. The distribution of answers for Q4.
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5.2.9. Will the length of the course be sufficient to provide extensive content?
At this point, there are a lot of different answers where even 5% consider that the
duration of the course is not enough to provide a large amount of content. The detailed
distribution of answers for Q5 has been shown in Fig. 59.

The duration of the course will be long enough to
provide great content.
A lot Nothing
5%
19%
Something
38%
Quite
38%

Nothing

Something

Quite

A lot

Fig. 59. The distribution of answers for Q5.

5.2.10. Do you have knowledge about the CFM56 turbine?
For us, it is important to know if the student has previous knowledge on the CFM56
engine and thus, to verify at the end of the course if the student has obtained an important
degree of knowledge in a few hours (Fig. 60).

Do you have knowledge of the CFM56 turbine?
Something
28%

Nothing

A lot
Quite
0%
5%

Something

Nothing
67%

Quite

A lot

Fig. 60. The distribution of answers for Q6.
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In general, the analysis is as follows:
16
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A lot

Fig. 61. Evaluation questionnaire POST analysis by the question.

As can be seen in the Fig. 61, a large percentage of students find the course interesting
and believe that the course will provide new content, however, there is a balance of feeling
of the quality of the course and its duration.
5.2.11. PRE training analysis (Companies)
Similarly, a pre-course survey has been carried out for the companies that have
participated, where the result has been the following:
3
2,5
2
1,5
1
0,5
0
Q1

Q2

Q3
Nothing

Something

Q4
Quite

Q5

Q6

A lot

Fig. 62. Evaluation questionnaire – PRE training analysis (Companies)

Page 72 of 93

According to company surveys, the course is interesting and they can even gain new
knowledge. Details has been shown in Fig. 62.
5.2.12. Analisis POST training analysis (students)
At the end of the course, a second survey was conducted (POST), where the
following issues were taken into account:
1.

In general, I am satisfied with the course I took.

2.

The course has given me new knowledge.

3.

The program has achieved the detailed course objectives.

4.

Quality of the course.

5.

The duration of the course has been sufficient to provide great content.

6.

The instructor(s) are prepared on the subject

7.

Interactive learning environment

8.

Training facilities were adequate for learning

9.

The organization and preparation of the training was adequate

10.

I learned something useful

11.

I'm glad I came.

The outcomes have been as follows:
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Fig. 63. Evaluation questionnaire – POST training analysis (students)
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Q11

In Fig. 63 you can analyze that more than 95% of the students have considered that
of the 11 questions 10 are of high value, as the course has been satisfactory, has provided
new knowledge, has achieved the detailed objectives, the quality is good, etc. On the other
hand, there is a point to detail where, the students define that the duration of the course has
not been enough to provide a great content. For this last point described, a development
question has been provided so that they can add, discard or change something about the
course. It is important to add that most students have indicated an improvement or extension
of materials, engine components.
5.2.13. POST training analysis (companies)
The following results have been obtained for the post analysis for companies:
3
2,5
2
1,5
1
0,5
0
Q1

Q2

Q3

Q4
Nothing

Q5

Q6

Something

Q7
Quite

Q8

Q9

Q10

Q11

A lot

Fig. 64. Evaluation questionnaire – POST training analysis (companies)

As for the company survey results after the training, it can be concluded that the
values are between quite and very high. This indicates that for companies a training with this
interactive system is accepted. Details has been shown in Fig. 64.
5.2.14. Conclusion
From the results obtained by both students and companies, it can be concluded that
the use of virtual reality in the training of engine maintenance can be a necessary tool for the
development of the educational process. On the other hand, with VR and AR technologies,
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it can be perceived that they are not only an innovative solution, but can become one of the
essential factors for an improvement in technical training. However, this use of the system
requires previous technical preparation and a programming process where, in the case of
extending new concepts or broadening the agenda to offer, a time is required that must be
taken into account before offering this product.
Finally, it can be concluded that according to the values obtained by the companies
and students, a training with this interactive system has been accepted and approved by them.

5.3.

Analysis and evaluation results of the local training event in

Italy (29-th September – 6-th October 2020)
5.3.1. Key objectives of the local training in terms of expected outcomes
The local training activity in Italy, "C3 Local training in Italy" of the Erasmus+ Key
Action2 "I-TRACE" project, was carried out in collaboration with the European Research
Centre for Design Technologies and Materials CETMA in Brindisi and was intended for
the students in a 5th year class of the Transport and Logistics Course – Aircraft Constructions
at the I. T.S.T. "E. Fermi" in Francavilla Fontana (BR) and one student from the Higher
Technical Institute for Sustainable Mobility - Puglia Aerospace Sector (Fig. 65).

Fig. 65. Students from class 5A of the Trasport and Logistics Course – Aircraft Constructions of
I. T.S.T "E. Fermi" - Francavilla Fontana (BR) – on the right, the trainers of the European
Research Center of Design and Materials Technologies CETMA in Brindisi.

The training activities aimed to provide the students with information about the genesis
and development of augmented reality (AR) and virtual reality (VR) in the contemporary
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era, a short introductory guide to the fascinating and complex world of immersive teaching,
which is nowadays a fast growing sector.
Starting from the early stages in the evolution of AR, the students have been explained
different tracking methods up to the description of basic procedures for creating small
applications in a completely autonomous way. In particular, the main applications of AR and
VR in various technology sectors were presented and discussed, with a focus on the
mechanical-aeronautical and aerospace industries.
The issues of the training were tackled through the perspective of different content areas
and a cross-disciplinary approach. The ultimate goal was to encourage the students to
consider and discuss the relationship between the current digital technologies and the
innovations brought about by the introduction of AR and VR in teaching, so as to provide
them with the fundamental theoretical principles which are needed to understand the
opportunities and risks involved by the new technological tools that are changing human life
in the public space.
At the end of the training, the students achieved the following results:
•

Knowledge and understanding of the main features of augmented reality (AR) and
virtual reality (VR);

•

Ability to analyse and comment on texts, videos and issues presented during lectures,
developing a critical view on the topics covered and their interpretations;

•

Ability to build a concept that can be implemented in an "immersive reality";

•

Basic knowledge of the main hardware and software tools needed for the creation
and use of virtual contents;

•

Acquisition of the essential philosophical, psychological and cultural notions that
allow to develop an autonomous evaluation of AR and VR innovations, particularly
those related to teaching and learning, and express personal and original hypotheses.

•

Acquisition of the fundamental theoretical tools that make possible to deal with the
technological innovations of the near future and to understand the evolution of the
current digital technologies;
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•

Acquisition of the fundamental philosophical tools allowing to understand the
novelties brought about by AR and VR with reference to our idea of the concepts of
presence, in person, real and virtual.

5.3.2. Structure of the Local Training in Italy
The training was attended by:
•

An average of 25 students from Class 5A of the Trasport and Logistics Course –
Aircraft Constructions of I.T.S.T “E. Fermi” in Francavilla Fontana (BR);

•

A girl student from the Higher Technical Institute for Sustainable Mobility - Puglia
Aerospace Sector.

The following training modules were implemented during the distance and face-to-face
lessons at the European Research Centre for Design and Materials Technologies
CETMA in Brindisi – Fig. 66:
I-TRACE – Training Plan “C3 Local training in Italy”

Fig. 66. The detailed agenda of the local training in Italy.
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5.3.3. Analysis and evaluation of the local training event in Italy
All participants, both before and after the lessons, filled out questionnaires on
expectations (PRE survey) and training evaluation (POST survey). Figure 67 shows the PRE
questionnaire template and Figure 68 the POST questionnaire template.

Fig. 67. Evaluation questionnaire - PRE.

Fig. 68. Evaluation questionnaire - POST.
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5.3.4. Analysis of the preliminary questionnaire results
Prior to the training event, a preliminary survey was carried out on the expectations of
participants for the whole training. The main questions asked in the preliminary study, shown
in Fig. 67, are:
1. What would you like to learn most in the theoretical course?
2. What would you like to learn most in the practical course?
3. What subject would you like to explore in the training, important for your future and
formation?
4. What are your specific expectations from this training?
As regards the first two questions, the majority of respondents said that they were
interested in learning both technical-practical and theoretical aspects, and in particular:
-

the basic aspects and features of Virtual Reality

-

the possible applications of VR in the industrial sectors and especially in the
aeronautical sector

-

information about CETMA, its tasks and its role in southern Italy

-

the steps needed to build a simple 3D project

-

use and applications of software such as Unity, Blender, Solidworks, Autodesk
Maya, etc.

-

modeling methods, both 2D and 3D

-

the use of animations applied to 3D characters and scenarios

-

use and types of headsets for Augmented Reality

With reference to another question, the participants were willing to learn more about:
-

the use of Virtual reality in school education

-

aerodynamic modeling of aircraft through 3D modeling software

-

the operation and use of headsets as well as their possible applications
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-

artificial intelligence and the world of simulation

-

the potential applications of immersive training in the aerospace sector

-

designing applications and scenarios in Virtual Reality

-

the use of Augmented Reality in industrial processes

In relation to the crucial question concerning the specific expectations of the students with
respect to the entire training experience, the main answers were as follows:
-

make a start on the world of Virtual Reality

-

gain further knowledge relating to this subject

-

find out more about the use of the software utilized to model and create 3D
scenarios

-

know more about immersive learning through VR

-

attend a further training course with new contents

-

use Virtual Reality to enhance learning at school
experience the use of Virtual Reality in different fields, including everyday life

-

experience the use of VR headsets.

All the expectations expressed by the students showed a desire to gain insight into
the potentialities of VR technology. It must be noticed that their expectations are many and
varied and, unfortunately, it has not been possible to deal with all of them in detail and/or
satisfy them all in such a brief training course; a suggestion for the future that emerges from
the analysis of this training experience is to design and propose a course structured into
several modules taking place over a longer period of time.
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5.3.5. Analysis of questionnaire results after the training
After the training experience, the students were asked to fill out a POST survey
consisting of 2 parts; in the first section they were asked to answer the following questions
on a grade scale of 1 (poor) to 4 (excellent) - Fig. 68:
1. Overall, I am satisfied with the training course.
2. The programme content supported the learning objectives.
3. Your personal objectives for this course have been achieved.
4. Quality of the handouts provided.
5. Course length was sufficient to deliver the contents.
6. The trainer(s) was/were prepared on the topic.
7. Interactive and good learning environment.
8. The organization & preparation of training were suitable.
9. I learnt something useful.
10. I’m glad I came.
Below is an analysis of the results of POST surveys, in order to assess the overall
level of student satisfaction. The participants answered the previous 10 questions on a scale
of 1 to 4, as well as 5 additional open questions; all of them were related to the questions of
the PRE questionnaire, in order to check whether the training course had met the students'
expectations at all or at least in part. Figure 69 shows the distribution of responses in detail.
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Fig. 69. POST Evaluation Questionnaire, analysis of questions.

Figure 70 shows the distribution of answers to Question 1: Overall, I am satisfied with the
training course. As we can see, all participants in the course expressed their satisfaction with
the training. In particular, the "very good" response rate was 52%, while the "excellent"
response rate was 48%.

Question 1

Poor
48%

Good
52%

Very good
Excellent

Fig. 70. Distribution of answers to Question 1.

Figure 71 shows the distribution of answers to Question 2: The programme content
supported the learning objectives. As we can see, the evaluation of the content of the
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programme was just as good. In particular, the "very good" response rate was 64%, while
the "excellent" response rate was 36%.

Question 2

Poor
36%

Good
64%

Very good
Excellent

Fig. 71. Distribution of answers to question 2.

Figure 72 shows the distribution of answers to Question 3: Your personal objectives
for this course have been achieved. By analysing the graph, we can infer that the targets set
at the beginning of the training were largely achieved. In particular, the "very good"
response rate was 36%, while the "excellent" response rate was 64%.
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Fig. 72. Distribution of answers to question 3.
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Figure 73 shows the distribution of answers to Question 4: Quality of the handouts provided.
The quality and quantity of the teaching material was positively assessed. In particular, the
"very good" response rate was 36%, while the "excellent" response rate was 64%.
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Fig. 73. Distribution of answers to question 4.

Figure 74 shows the distribution of the answers to Question 5: Course length was
sufficient to deliver the contents. Analyzing the graph, we can infer that, given the high
expectations of the students regarding the thematic nuclei covered, the participants would
have liked the course to have had a longer duration; nevertheless, they expressed a positive
opinion of the training contents based on a theoretical overview of the topics accompanied
by practical experience. In particular, the "very good" response rate was 80%, while the
"excellent" response rate was 20%.
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Fig. 74. Distribution of answers to question 5.
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Figure 75 shows the distribution of the answers to Question 6: The trainer(s)
was/were prepared on the topic. The evaluation of the team of trainers was excellent. In
particular, the "very good" response rate was 20%, while the "excellent" response rate was
80%.
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Fig. 75. Distribution of answers to question 6.

Figure 76 shows the distribution of answers to Question 7: Interactive and good
learning environment. Respondents rated the good interactive learning environment with a
great score. In particular, the "very good" response rate was 60%, while the "excellent"
response rate was 40%.
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Fig. 76. Distribution of answers to question 7.
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Figure 77 shows the distribution of answers to Question 8: The organization &
preparation of training were suitable. The organization and preparation of the training were
rated as "excellent" by 60% of respondents, and "very good" by 40%.
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Fig. 77. Distribution of answers to question 8.

Figure 78 shows the distribution of answers to Question 9: I learnt something useful.
By analyzing the graph, we can see that most respondents have learned new and valuable
skills. As many as 32% of respondents rated the usefulness of the training content as
"excellent" and 68% "very good".
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Fig. 78. Distribution of answers to question 9.
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Figure 79 shows the distribution of answers to Question 10: I'm glad I came. As we
can notice, the vast majority of respondents were satisfied with participation in training. 80%
of respondents rated the course as "excellent" and 20% as "very good".
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20%
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Excellent

Fig. 79. Distribution of answers to question 10.

On completion of the training, the students were asked to fill out an evaluation
questionnaire consisting of 5 questions about the organization of the experience, specific
aspects of the training and possible following uses of the knowledge acquired.
Some questions included in the survey were related to those in the PRE questionnaire,
in order to verify, as mentioned above, the level of satisfaction of the students with the
experience carried out and collect any comments from them. Below is the analysis of the
questionnaire and, specifically, of the answers provided by the students.
As for question number 1: What did you like most about the theoretical course?, the
students gave answers on the various aspects, generally agreeing with each other; the most
frequent are as follows:
-

the introduction and presentation of the subject

-

the expertise and competence of the trainers

-

becoming familiar with Maya, Unity, Blender software

-

the selection of contents and materials throughout the course
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-

the description of the applications of Virtual Reality in different technology areas

-

the presentation of possible job opportunities and study paths

-

the narration of teachers' personal experiences with VR

-

the appropriate balance of the course contents, including theory and presentation
of practical case studies

-

the presentation of the applications of Virtual Reality in the aerospace sector

-

well-prepared lessons, interaction with the other students and quality of training

Regarding question number 2: What did you like most about the practical course?,
the students mostly answered:
-

the fact that the practical part was adequately accompanied and preceded by a
solid theoretical part

-

the use of 3D headsets to experience VR both in the cultural heritage and
technology contexts

-

the opportunity to move around and interact in 3D scenarios

-

the use of animations

-

the practical course on Unity software

-

the virtual tour of a turbojet engine

-

the practical course on Photoshop

-

the discovery and use of other 3D modeling software

Regarding question number 3: What do you think can be added, dropped or changed
to improve training?, the students suggested some ideas in order to improve the learning
process. Below are the students' proposals:
-
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extend the duration of the training

-

offer the opportunity for more in-depth study of some specific contents included
in the training

-

use VR headsets more extensively

-

allow the students to actually create a complex virtual scenario

-

increase the number of experts and tutors per student

-

carry out more specific and detailed practical activities

-

to allow more time for each student to gain practice in the use of VR softwares

As to question number 4: Do you think that the use of immersive reality in school
and teaching could be a good method to help you achieve more competence and learn
better?, the answers agree that it can be a valid tool when used in teaching; in particular, the
answers were:
-

it could be used both in education and in the workplace

-

it would be a great alternative tool to enhance learning

-

it would allow you to interact immersively with the topics covered

-

it would allow to understand better and study more in depth the topics covered

-

it could be useful for studying specific issues such as the maintenance of
mechanical-aeronautical parts

-

lessons would be made more interesting

-

It could make it easier to study and understand difficult concepts

As regards question number 5: After the traditional explanation in school (with the
blackboard and chalk), do you know the topic better using virtual reality? If you answer
"yes", do you think that you could learn the same topic using only immersive reality?, the
answers were rather heterogeneous; in particular, with reference to the second part of the
question, the students mainly answered:
-
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the topic should be studied through the tools of Augmented Reality

-

the use of Virtual Reality could be a great tool if implemented in teaching

-

traditional teaching methods are still effective today

-

it would be perfect to use both methods

-

Virtual Reality improves understanding of lesson contents

-

I prefer a traditional explanation

-

I would acquire more skills using Virtual Reality

-

it would be great to use VR headsets in class

-

I think that designing VR lessons is complex and not all our teachers are prepared
about it

-

it would also be necessary to train teachers on the use of Augmented Reality

-

better learning results would be achieved if Virtual Reality were implemented in
teaching

-

using Augmented Reality, I'd be more motivated to study

-

this new method would make it possible to study more in depth a specific topic

-

the use of Virtual Reality would be ideal in our sector; it would allow us to
interact with the aircraft structure.

To sum up, it may be said that the overall evaluation resulting from the analysis of
the answers to the questionnaires is entirely positive, as students have been attracted by this
"new world" and the competence and helpfulness of the experts have allowed them to
interact, ask questions and appreciate exhaustive clarifications.
However, since the sample of students is quite varied, both with respect to the levels
of mastery of the basic technical and IT knowledge and to the individual curricular and
motivational expectations, it is quite obvious that there are divergent opinions on the various
topics investigated by the survey.
In conclusion, we can say that the experience carried out has certainly been formative
and has stimulated not only the students but also the teachers to consider the great
opportunities offered by "immersive teaching" which, also following the results of this
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survey, could hopefully be gradually and progressively implemented in schools, perhaps
accepting some proposals and points of view expressed by the students.

6. Summary
The use of virtual reality in education seems to be necessary for the development of
the education process. It is perceived not only as an innovative and non-standard solution,
but it is now becoming one of the essential factors distinguishing universities, education
providers, or training centers. VR/AR techniques can be applied to many issues, supporting
the acquisition of hard and soft competencies. However, the tools of this class should be
treated in terms of measures supporting the currently used teaching methods and means,
which allow to increase the effectiveness of the teaching process and introduce learning
opportunities in areas so far inaccessible or difficult to access. Personalized exercises using
VR techniques can offer a broader range of possibilities than traditional textbooks while
providing mechanisms to help teach theoretical content and advanced tools to track learning
progress. Particularly important from the point of view of applying VR techniques is the
possibility for the learner to interact with technologies reproduced in the virtual world in
a similar way to the real world. Students practicing in a safe virtual environment do not affect
the functioning of real systems, do not consume consumables, and can work with elements
not available in a real laboratory environment.
Based on the conducted analysis, several remarks and recommendations were
formulated in the scope of using VR/AR, which may improve the effectiveness,
attractiveness, and quality of education. The most important ones may concern the
introduction of VR techniques into the learning process can be seen in terms of process
innovation. A particular difficulty in the widespread use of VR is the high cost of purchase
and software for its use, as well as the costly and time-consuming development of
applications and lesson scenarios. Also, the lack of practical solutions for the effective
integration of visual stimuli into the body may be a problem, which may result in a so-called
cognitive error. That is why it is so essential that every decision to introduce VR techniques
to the teaching process of a given module is preceded by a thorough analysis of technical
possibilities and proof of concept.
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The analysis shows that some students feel the effects of motor sickness, malaise,
nausea, and dizziness while working in a virtual reality environment. It is necessary to
interview the participants of the training about their predispositions, experiences with VR
technology, visual impairments, diseases, etc. before the classes. For example, specific
visual impairment (e.g., the domination of one eye in the student) may result in overlapping
of the displayed images, which in turn causes considerable discomfort for the student in the
reception of the three-dimensional model.
Finally, it is worth paying particular attention to costs, and the long period of
preparation of training materials implies the need to spread the VR technology
implementation process into stages. The VR/AR immersive environment semes providing
a great potential and chance for implementing further developments, design changes, or
technical discrepancies in a very flexible sense based on expert users' comments. Immersive
environments' supported AR and biggest advantage over the physical models was revealed
as, it is not necessary to construct or send manually to different locations for group
discussions, instead sending application makes is significantly effective and efficient. It is
possible to implement 'LEAN THINKING' effectively with support of virtual tools
supported in immersive environments.
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