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1. INTRODUCTION WHY IT IS IMPORTANT USE ‘IMMERSIVE
LEARNING’ AND ‘BEST PRACTICES’
1.1.

INTRODUCTION

Demand for skilled workers is at an all-time high, and it has become evident that traditional training
methodologies must be altered with the use of newer technologies to better suit the future needs of the
industry (Vuksanović, 2016). The goal of any educational program must be to efficiently deliver the
curriculum in such a way that the student is left with a satisfactory level of competency to safely execute any
relevant task, with minimal probability of errors (Uptale, 2016). Currently, the process of reaching such
competency consists of a combination of classroom lectures and in-field experiences gained through
apprenticeship/internships (Glen, 1994). To effectively make use of newer technologies both of these arenas
will have to be examined for potential improvements. It has been shown through extensive psychological
studies that the information retained from any training session is heavily dependent on how the information
is presented and also at which level the students are able to partake in the lectures Figure 1 (teachernoella,
2019). Figure 1 is adapted from Edgar Dale's cone of experience (teachernoella, 2019) and shows the average
retention rate in relation to different teaching methodologies.

Lectures
5%
Reading
10%
Audio/visual
20%
Demonstration
30%
Discussion Group
50%
Practice by doing
70%
Teaching Other/ Immediate Use
90%
FIGURE 1. EDGAR DALE'S CONE OF EXPERIENCE

In other words Figure 1 shows the positive impact of being able to directly interact with the problem,
either through hands-on operations or in-field training (teachernoella, 2019). However, higher level of
student interaction is often associated with higher cost and is often a restricting factor as educational
resources are heavily budgeted (Liefner, 2003). For this reason, it is vital that educators look at technologies
which can simulate and effectively immerse the student in an environment closely resembling the real-world,
this is especially relevant for scenarios that would otherwise be very costly to carry out (Tsang, 1997). Such
technologies might be costly to acquire but could offer significant long-term savings relative to older training
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methods, by either speeding up the training process or delivering better qualified workers at a lower cost
(Accenture Study, 2018).

1.1.1.

EXTENDED REALITY

Extended reality (XR) is an umbrella term for technology that to some degree immerses the user by
displaying computer simulated information. Virtual reality, augmented reality and mixed reality are the most
common technologies within XR (Kaushal, 2019).
Mixed reality can be perceived as a reality-virtuality continuum (RV), in which the endpoints represents a
completely real environment and a completely virtual environment. The term is coined by Paul Milgram and
shows the four-stage transition from reality to virtuality, as presented in Figure 2 (Li, 2018). Depending on
the degree of immersion, a mixed reality system would be placed relative to other MR systems, and since
this continuum has no definitive distinctive boundaries, categorizing where an immersive system would fall
within this spectrum could be challenging (Kaushal, 2019).
By blocking the user’s perception of the real environment VR attempts to immerse the user within an
artificial 3D environment simulated by a computer (Li, 2018). The current state of the arts virtual reality
systems achieve immersion by letting the user equip him-/herself with a VR headset which provides a visual
simulation of a virtual environment. Further immersion is possible using immersive aids in order to stimulate
other senses. (Li, 2018). In contrast to VR systems, Augmented Reality technology superimposes reality with
varying degree of simulated virtual elements and will therefore not completely immerse the user into a
virtual environment (Kaushal, 2019). AR transforms volumes of data and analytics into images or animations
that are overlaid on the real world (Porter and Heppelmann, 2018). There are several ways for users to
experience AR. The traditional way is through a head-mount display with a see-through display. However,
with recent development and popularity within the mobile industry, AR developers are using smartphone
cameras in order to superimpose virtual objects onto the smartphone display.

FIGURE 1: A REPRESENTATION OF THE REALITY-VIRTUALITY CONTINUUM. (SOURCE: WIKIPEDIA, 2018)

1.1.2.

IMMERSIVE LEARNING

Immersive learning refers to a learning methodology which largely implements technologies which aims
to extend the reality (XR) of the student and letting them experience work scenarios relevant to their
education. Immersive learning has been shown to consistently outperform more traditional learning
methodologies(Uptale,2016) as shown in Figure 3, and lends itself well to a wide variety of industrial sectors.
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FIGURE 2: THIS FIGURE ILLUSTRATES THE PERFORMANCE OF IMMERSIVE LEARNING RELATIVE TO OTHER LEARNING METHODOLOGIES.
(SOURCE: UPTALE, 2016)

The student is immersed by artificially extending the reality with the use of various technological tools
(XR). By doing this the students can familiarize themselves in an environment which can closely simulate
relevant real-world scenarios. Depending on the industry, such training sessions can be either very costly
(Tsang, 1997) or difficult to run in the real-world but are in turn crucial to attaining the relevant experiences
needed to achieve the desirable skill level.
Trainers and educators are now faced with identifying which areas that are most suitable for immersive
learning, and in turn which technologies lends themselves best for adaptation in the immersive learning
methodology.

1.2.

AREAS OF INTEREST

With the use of the aforementioned technologies and learning methodologies, this chapter seeks to
highlight some succesful implementation of immersive learning within relevant industries and education. To
further differentiate the use cases of immersive learning, our findings has been categorized within two areas:
Application of Extended Reality within Education and Corporate application of Extended Reality.
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1.2.1.

CORPORATE TRAINING APPLICATION OF EXTENDED REALITY

The benefits of incorporating immersive technologies in corporate training are best described by
considering the energy sector. The training of employees in these businesses are both time consuming and
costly. By applying immersive learning in the training regimen, the costs related to training the workers are
considerably reduced as there are no transportation or equipment costs related to the training (eonreality,
2018). The time needed for trainees to practice is also significantly lowered as there are no significant
downtime during training and few distractions. In contrast to traditional classroom training, the retention
rates of immersive learning are higher as it circumvents boredom and engages the worker in ways that are
impossible in a traditional setting (Uptale, 2016). The ability to customize the training to fit the needs of the
industry is valuable as it provides the workers with relevant hands on training and insights into the work.
The most prominent reason to incorporate immersive learning in corporate training would be to reduce
the risks involved in training employees. In the energy sector, most jobs involve several risks, and there are
therefore safety guidelines in place. The ability to safely create cases and settings in which these risks are
highlighted promotes safety and workers would then be more inclined to practice precaution whilst in the
field (eonreality, 2018). Training in a virtual environment also lets the workers repeatedly practice crucial
scenarios without putting themselves at risk or damaging equipment.
Upon finishing the training regimen, the trainee needs to undergo an evaluation to see whether he/she is
qualified for work in the field. Assessment of workers through traditional evaluation emphasizes classroom
performance which is a limited representation of a worker’s ability to perform his/her tasks. Introducing XR
as part of worker evaluation would enhance worker assessment since the simulated
Repeated
practice of
high risk
situations
Better
Worker
quality
assessment

Reduced
training
expenses

Benefits
of VR in
corporate
training
Increased
retention
rate

Experiential
training
Higher
engagement
rate

FIGURE 3: BENEFITS OF VR IMPLEMENTATION IN CORPORATE TRAINING. FIGURE MADE BY AUTHOR.

environment displays relevant skills that the worker needs to possess (eonreality, 2018).
To sum, AR and VR energy training solutions provides a safe experimental training environment in realtime. For most industries, such as the energy sector, introducing XR as part of learning new workers can
effectively increases knowledge retention and the rate of skill transfer of the workers, in addition to being
cost effective. Introducing XR as part of learning, companies can solve most of the shortcomings that
traditional training programs have. Figure 5 demonstrates projected revenue expected from VR&AR in
different sectors.
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FIGURE 4: PROJECTED REVENUE FROM VR & AR IN DIFFERENT SECTORS (SOURCE: WRIGHT, 2019)

1.2.2.

APPLIED XR IN THE PROCESSING SECTOR

With recent development within immersive technologies, numerous sectors have considered adaptation
of immersive technologies, specifically augmented reality’s ability so superimpose digital information. This
trend has led to a major shift within the processing industry, where the potential benefits of such adaptation
are significant (Morozova, 2018). Reduction in operating expenses, increase in safety levels and streamlining
operation are some of the benefits. According to McKinsey’s research, organizations within the processing
sector could reduce capital expenditure by up to 20% if they adapt digital technologies (Porter and
Heppelmann, 2017).
AR technologies have been incorporated twofold within the processing industry. The first application of
AR is to create AR extensions of existing machine manuals (Hulme, 2018). This application would include
interactive holograms of standard procedures that present themselves when such procedures are to be
executed. By identifying and visually displaying complex procedures on the see-through display, the AR visual
aid would guide a technician through the steps of the procedure in real-time. Rather than having to mentally
translate 2D imagery to 3D reality, the AR headset superimposes relevant digital information directly on real
objects, allowing workers to process the physical and digital simultaneously (Porter and Heppelmann, 2017).
Other benefits would be maintenance improvement, since the status of machinery would be superimposed
onto the display. With AR solutions that complement offshore work, every worker has the ability to
troubleshoot simple procedures without the consult of an expert (Morozova, 2018). Consequentially
technical experts can be reserved for issues in which simple troubleshooting is insufficient, reducing the
amount of times experts need to re-visit sites.
The second application is remote assistance. Having technical experts available at all times is crucial for
efficient workflow. However, this is currently not possible, and having to ship technical experts offshore in
order to try and repair equipment is both expensive and time consuming (eonreality, 2018). Rather than
having the experts re-visit the offshore facility, the workers and the technicians could connect to each other
with both having a live AR feed. The expert could then guide the worker both audibly and visually through
the process, which is significantly more efficient than re-deploying the expert (Hulme, 2018).
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AR solutions on site could also provide workers with safety enhancements. In the case of an emergency,
a superimposed evacuation route displayed on AR equipment could provide workers crucial assistance in a
time of panic. In combination with sensory data (GPS, heartrate monitor) it is possible to both locate and
check the condition of every worker during emergencies (Morozova, 2018). In order to promote precaution
and safety during regular hours, potential AR extensions could detect and warn users when they are about
to use hazardous equipment. Such implementations could significantly reduce the number of accidents,
which consequently reduces related expenditures and increases efficiency (Morozova, 2018).
These AR implementations are still in early development, and many more use cases and implementations
may appear as the technology matures. Most shortcomings of the way different industries operate today can
be solved by the use of AR. To sum, the ability to have AR visualize and guide workers has had an extensive
impact on companies’ operation. As immersive technologies are further developed, the ability to exchange
knobs and dials for AR interaction will further reduce costs and streamline operations.

FIGURE 5: CONCEPT DESIGNS OF AR APPLICATIONS AND ITS USES WITHIN MAINTANENCE WORK (SOURCE: RE'FLEKT, 2018).

1.2.3.

USE OF XR IN LOGISTICS

The logistics sector, similar to the processing sector, has seen a rapid adaptation of augmented reality
technologies. Warehouse operations are estimated to account for about 20% of all logistics costs, while
picking items from shelves represents up to 65% of warehouse costs (Porter and Heppelmann, 2017). Having
to manually look for packages to collect is both slow and error-prone. The AR systems guides the workers by
displaying the best routes to packages, leading to fewer errors and engaging workers. Both DHL and Intel
have adapted AR technologies within their warehouses and have seen increases in accuracy and productivity,
where DHL reported productivity increase of 25% while intel has reduced picking time by 29% (Porter and
Heppelmann, 2018).
In addition to adapting AR technologies within daily operation, DHL also trains new hires quickly using AR.
The ability for AR to customize training to suit the needs of the learner is an aspect that DHL benefits from.
Rather than using traditional instructors, AR assistance lets new hires train using a real-time hands-on
approach, which results in new hires working almost immediately and lowers skill requirements as they are
guided by the AR system (Porter and Heppelmann, 2018). During peak seasons package delivery companies
face huge demands, and the need for temporary worker is high. Using AR training to train new hires during
high demand seasons would result in efficient hiring.
However, as logistics workers are prone to injuries, more companies have started looking into fully
automated warehouse systems. The Norwegian company “Komplett” already has a successful automated
warehouse where the shipping process is mostly automated (Stokke, 2013). As the demand for logistics
services increases, more companies might look into fully automated systems over AR solutions. A fully
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automated warehouse would be more efficient than human labor, implying that investments into AR systems
might be considered unprofitable if companies are looking to gradually automate their business.
Other industries such as construction, manufacturing and product development have used the
visualization capabilities of AR to great use. The ability to overlay a construction site with relevant
information and models or to compare 3D models with physical prototypes gives engineers within different
fields the ability to significantly reduce the time needed to work, streamlining operations and thereby
reducing costs (Morozova, 2018). The potential of AR solutions is greater within the oil sector because the
costs associated with traditional ways of offshore work are significantly higher, and AR solutions can be
applied to several parts of the value chain. However, as Figure 7 illustrates, the market value of XR
technologies will increase, and increased adaptation within multiple industries is therefore probable. As seen
from from both market evolution in figure 7 and investment predictions in figure 8, the use of augmented
reality within industry sectors are expected to increase significantly within the coming decade. Figure 9 also
presents relevant focus areas that corporations looks to apply immersive learning and the reasons to apply
such technologies.

FIGURE 6: MARKET EVOLUTION OF AR AND VR (SOURCE: DUMON, 2019).
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FIGURE 7: SURVEY TAKEN BY 2,216 BUSINESS AND IT EXECUTIVES FROM 53 COUNTRIES. (SOURCE: PORTER AND HEPPELMANN, 2017)

FIGURE 8: THE SURVEY TAKER'S ANSWER ON THE ROLE OF THE ENTERPRICE AND STRATEGIC GOALS FROM IMPLEMENTATION OF IMMERSIVE
TECHNOLOGIES. (SOURCE: PORTER AND HEPPELMANN, 2017)

1.2.4.

USE OF XR IN EDUCATION

Extended Reality hardware is now nearing a maturity level (Sonja Hammerschmid, 2018) where it can
truly become a powerful tool in education. To accommodate said hardware, big tech companies such as
Apple and Google are providing developers with tools to fully utilize the technology and in turn deliver
complete XR-packages for use in education. The following subchapters will highlight some use cases at
varying education level, where XR-technology has been successfully implemented.
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1.2.4.1.

ELEMENTARY SCHOOL – GOOGLE EXPEDITION

FIGURE 9: GOOGLE EXPIDITION (SOURCE: GOOGLE, 2019)

Expedition is an initiative Google started and presented at their developer conference Google I/O in 2015
Figure 11. Expedition is a virtual reality (VR) teaching tool that lets you lead or join immersive virtual trips all
over the world. The goal is for the teacher to function as tour guide through different topics. Visualization of
abstract concepts such as the connections between atoms or exploration of historical landmarks are some
of the ways Google Expeditions can be applied to teaching.

FIGURE 10: GOOGLE EXPIDITION ACHIEVEMENTS (SOURCE: GOOGLE I/O 2018)
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Since its infancy, Expedition has been in constant development and through the Google Expeditions
Pioneer Program a trial study has been performed on upwards of 2 million students Figure 11
Through the Google Expedition Pioneer Program, Google reported at their I/O conference in November
2018 that students who had been presented a subject through the Expedition technology showed a higher
level of recollection compared to students who had learned through more conventional means (Classroom).
The difference was referred to as statistically significant(Google I/O, 2018).
The cost of hardware needed to utilize Expedition will vary depending on what is already available, if
students already have access to mobile devices it can easily be converted into a head mounted display (HMD)
with the use of various cheap $5 Google Cardboard contraptions. Alternatively, Google provides complete
VR classroom kits ranging from $3999 - $9999 for 10-30 students. The software in and of itself is free of
charge as of now.

1.2.4.2.

VOCATIONAL SCHOOL – PTC ACADEMIC PRODUCTS

FIGURE 11: PTC AR APPLICATION (SOURCE: PTC, 2019)

PTC has developed a complete educational software ecosystem which enables students to generate AR
applications through the use of their modeling and simulation software Creo and Vuforia. The result is a
completely standalone app Figure 12 which can be run on any supported mobile device (IOS / Android). The
capabilities are great, and students are free to model and simulate relevant work which would otherwise be
very costly or difficult to achieve in a more conventional setting. The applications also allow for real-time
inputs from data sources such as sensors which further expands the capability. To supplement their software
package PTC also provides extensive and easy to follow training material through their PTC University portal.
The industry is constantly raising the bar on the knowledge expected from students. Students who attend
vocational study programs greatly benefit from having as much hands-on experience with the tasks related
to their future jobs as possible. However, due to budget restrictions it is not feasible for the school to facilitate
all aspects of all the different disciplines offered. What PTC is providing through their academic software
package is in many ways a workaround to this problem, as it offers student means to simulate any aspect of
their future occupation.
Parts of the PTC software package is free for students (Creo), to get access to the full ecosystem individual
or campus wide licenses will have to be bought, the price of such licences will vary depending on the size of
the student population.

1.2.4.3.

VOCATIONAL TRAINING – ACCENTURE STUDY
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Accenture conducted an internal experiment on the task of toilet replacement to study(Accenture
study,2018) the effectiveness of immersive learning.
Test participants were divided into two groups: one group watched an instructional video while the other
group participated in an interactive VR training. Then participants were asked to assemble a real toilet and
were measured on overall accuracy and time to complete the task. Leveraging the Cognitive 3D analytics
platform, the VR group participants demonstrated on average 12 percent higher accuracy Figure 13 and 17
percent faster time to completion Figure 14 than instructional video participants. Insights from the postexercise survey, powered by Cognitive 3D analytics, also indicated a higher perceived usefulness of training
for the VR group.

FIGURE 12: OVERALL ACCURACY, VIDEO VS AR (SOURCE: ACCENTURE, 2018)

FIGURE 13: OVERALL TIME SPENDT, VIDEO VS AR (SOURCE: ACCENTURE, 2018)

1.2.4.4.

UNIVERSITY RESEARCH – NTNU, IMTEL
15

The department of education and lifelong learning at NTNU has initiated a research group that primarily
focuses on innovative immersive technologies for learning (IMTEL). IMTEL has since focused on how to utilize
immersive technologies in several contexts, ranging from university education to emergency and medical
training and workplace training.
Parts of the IMTEL group(Førland, 2017) has been looking at how procedural medical training can be
simulated in VR using what they refer to as a smart virtual university hospital. A smart virtual university
hospital representing a real-life one, can prepare students for direct patient contact and provide possibilities
for clinical practice. Such a virtual hospital will support student learning by providing adaptive and flexible
solutions for practicing a variety of clinical situations at the students’ own pace. A scenario focusing on preoperative neurosurgical procedural training was developed and tested. The procedural training has been
enhanced with real world medical data (MRI and ultrasound). The feedback from the tests have been
generally positive, both in terms of general user experience and expected learning outcomes.
This application of XR technology in medical training will be further explored by the IMTEL group under
the title: Doctural Education for Technology-Enhanced learning which was recently funded by the Erasmus+
organization (€ 396 669)

1.3.

SUMMARY

Demand for skilled workers is ever present, to accommodate this demand trainers and educators are
faced with identifying and implementing new technologies which can enhance the learning process. The last
decade has seen a huge upswing in technologies which offer different means of extending the reality (XR) of
the user. The implementation of such technologies through immersive learning initiatives has shown great
potential in enriching the competency of the students. This is achieved by empowering the teachers to
effectively simulate relevant environments which would otherwise be both difficult and costly to run in the
real-world. These simulations enable the students to familiarize themselves within environments closely
related to their future occupation, in turn this may result in a more effective transfer of knowledge and the
overall consequence is a higher level of competency.
To give a better idea of the best practices of immersive learning this chapter presents successful
implementation of XR-applications within corporate training and at various educational levels.
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MANUFACTURING SECTOR (E.G. ENGINEERING MEASUREMENT,
PROCESS PLANNING, MACHINES PROGRAMMING, QUALITY
CONTROL).
2.1.

INTRODUCTION

High production efficiency, ability to ensure low costs, adequate quality, as well as the easiness of
changing the production profile have always been ranked high on the list of targets of most manufacturing
companies. The measure to achieve high production efficiency and competitiveness of industry is the
digitization and computerization of production. This fits in the concept of the Industry 4.0 and rapid
prototyping, thanks to which systems for cyber-physical systems will emerge, from which intelligent factories
will develop and machines will communicate and make decisions independently. In practice, this will result
in an increase of the size and volume of production while ensuring high flexibility of production and assembly
lines. The Bosch Rexroth production line in Homburg, where more than two hundred different variants of
hydraulic valves are installed without having to tune the machines may be a good example of such a solution.
Industry 4.0 is responsible for changes in every industry, from the clothing industry (clothing of an
intelligent person communicating with other devices), in the household appliances industry, the automotive
industry (autonomous vehicles with Internet access) as well as in the aeronautical sector. The key issue in
Industry 4.0 is the automation of the production process based on data exchange in production technologies
in real time. In addition, it is important to ensure advanced maintenance and monitoring capabilities. Thanks
to this, higher quality products and better working conditions for employees are obtained. Engineers with
the right skills, excellent experience and various qualifications gained during practical training are very
desirable in the industry all over the world.
A large level of digitization changes the modern requirements for employees in terms of skills which
requires a more active and continuous approach to training. Augmented reality (AR), being a combination of
real and virtual environment and in relation to human-computer interaction, can be successfully used in the
training process. According to many studies, the Virtual Reality (VR) market for enterprises is expected to
increase to USD 6.3 billion by 2022 from USD 216 million in 2018, and measurable benefits may be lower
costs of employee training and reflecting training scenarios that are more matching to real situations. VR/AR
technology appears as one of the most effective and the fastest way to educate new employees and prepare
them for everyday work. In addition, using VR/AR technology combined with digital information, engineers
can focus on maintenance tasks, greatly increasing productivity. Virtual trainings and simulation also helps
to increase the confidence of professionals because they can practice procedures until they reach the highest
level of mastery. In addition, trainees become more aware of security procedures because they have to
follow them in simulations. Currently, too many employees are unprepared to meet the company's needs,
especially in competitive companies, in the mechanical or aerospace industries.
It is therefore necessary to introduce tools to improve the development of new skills for more complex
tasks. Technicians must be fluent and adapt quickly to the implementation of increasingly complex tasks. The
traditional training process is characterized by the high cost of training. The methodology of training based
on activities allows to obtain high quality, standards and durability. Most of the training is isolated, expensive
and not designed to be supported by VR/AR. Also, have a gap in terms of processes, methodology and
instruction.
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Early creation and implementation of virtual reality and immersive technologies are deeply rooted in
science and development, reaching back to 1929, when the US military created an electromechanical set of
virtual reality to teach pilots.
Immersive learning is the process of learning with the usage of a simulated or artificial environment. The
environment enables the learners to completely get immersed in the learning in a way that feels like
experiencing an actual learning environment. This type of learning is becoming common with regards to
online courses and learning.
Training in the field of simulation, traditional work with training methods and basic processes are the most
efficient and are in line with the current state of the art. Immersive learning provides a natural environment
that reflects real situations. Employees/students can benefit from a higher level of knowledge in less time. It
provides great added value and such as faster project implementation, launch and "time to market" thanks
to better cooperation. Increased availability of information, real-time data integration and 3D visualization
guarantees safe and efficient training processes. Organizations can reduce expenses on employees and
transport equipment to training venues. They can also participate in programming themselves.
Since its introduction to the technology, entertainment and training sector, virtual reality (VR) and
augmented reality (AR) has entered the minds and hearts of many technology enthusiasts. In fact, research
shows that using virtual reality in training can significantly increase empathy and student retention.
According to research in aircraft inspection and maintenance has revealed the criticality of human
inspection performance in improving aviation safety. If we are to provide the general public with a safe and
reliable air transportation system, inspection must be performed effectively, efficiently and consistently.
Even though it is difficult to eliminate errors completely, continuing emphasis must be placed on identifying
interventions to reduce errors and improve consistency in performance. Immersive training has been
identified as the primary intervention strategy in improving the quality and reliability of aircraft inspection
performance.

2.2.

IMMERSIVE LEARNING BASIC CONCEPTS

Immersive learning can attract the student's attention and activate educational activities better than
other learning methods, such as classroom learning, e-learning, microlearning, and more. Although this
particular methodology does not replace existing methodologies, it aims to enrich student learning
experiences and increase training efficiency. There are several benefits to adopting a strategy for an
education platform:
In immersive learning, students practice real world skills in a safe environment. They are supported
by feedback and do not interfere in any way with real clients or processes.
This strategy helps in mastering behavior.
Because learning has a realistic and engaging character, it evokes an emotional connection to
learning through experience or an event.
Science is about being embedded in a real context, this is done by simulating a real environment in
which students are encouraged to work.
Immersive learning provides a great platform and gives you the opportunity to interact.
With it, you can get personalized instructions by following your own settings and simulations. You
can create in simulation as well as in a virtual environment.
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Immersive learning creates a great platform and opportunity, without territorial boundaries.

Innovations like VR and AR enable people to go beyond basic skill development to performance
improvement. Moreover, it helps the students by adding more contexts in their learning, along with
personalization and relevance to the overall learning experience. In extension to that, virtual reality seems
to be the future of immersive learning. This technology is enabling the learners to interact with 3D objects
and environments in science or to recreate historic sites in history lessons (Fig. 1).

FIGURE 1 EXAMPLE OF IMMERSIVE LEARNING VISUALIZATION
SOURCE: HTTPS://WWW.AEROSPACEMANUFACTURINGANDDESIGN.COM/ARTICLE/SAFRAN-NACELLES-A330NEO-VIRTUAL-REALITYMANUFACTURING-4317/

VR and AR technologies can also bring significant added value to people's lives, in particular they can
contribute to the implementation of important innovations. In the future, thanks to the use of these
technologies, it will be possible to reconstruct photorealistic environmental models in real time. The
publication lists the following types of virtual reality:
Fully immersive - the basic components that enable full VR experience are: reliable and detailed virtual
world (computer model or simulation), high-performance computing computer that can real-time map our
activity in simulation and hardware connected to a computer that fully immerses us in the virtual world. Such
equipment is usually a head-mounted display (HMD) with two screens and stereo sound (see Fig. 2.).
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FIGURE 2 FULL-IMMERSIVE LEARNING VISUALIZATION
SOURCE: HTTPS://WWW.CADLAND.IT/VIRTUAL-E-MOTIONS/

Non-immersive - a highly realistic flight simulator on a home PC can qualify as an immersive virtual reality,
especially if it uses a very wide screen, with headphones or surround sound, and a realistic joystick and other
controls. Not everyone wants or must be fully immersed in an alternative reality. An architect can build a
detailed 3D model of a new building to show it to clients that can be tested on a desktop computer with the
mouse. Most people would classify it as a kind of virtual reality, even if it is not fully immersed.
Web-based - virtual reality was one of the hottest and fastest growing technologies in the late 80s and
early 90s, but the rapid development of the World Wide Web largely slowed down this interest. Although
computer scientists have developed a way to build virtual worlds on the web (using the technology analogous
to the HTML language called Virtual Reality Markup Language, VRML), ordinary people were much more
interested in the way the network gave them new ways of accessing the real world - new ways of finding and
publishing information, stores and sharing thoughts, ideas and experiences with friends via social media.
Augmented reality - mobile devices, such as smartphones and tablets, have put in our hands and pockets
what was once supercomputer power. If we're wandering around the world, maybe we're visiting cultural
heritage sites, such as a pyramid or fascinating foreign city that we've never been before, what we do not
usually want is not a virtual reality, but a better experience of the exciting reality that we can see before us .
This is how the concept of augmented reality (AR) arose, where, for example, you point your smartphone to
a landmark or a striking building, and interesting information about it automatically appears. The augmented
reality consists in connecting the real world that we experience with the vast virtual world of information
that we have created together in the network. None of these worlds is virtual, but the idea of exploration
and navigation in both worlds has something to do with virtual reality.
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2.3.

LITERATURE SURVEY

Immersive learning using VR/AR environments enables a new way of implementing a training model that
puts employees in realistic situations. Virtual training in which photorealistic 3D reproduction of the industrial
environment, weather conditions and gestures involves the user in general navigation through faithful
reproduction of plants, allowing proper interaction, such as opening and closing the manual in the area and
obtaining information about the internal functioning of the equipment.
Today’s mass assembly lines for high-value production are either robotized or highly dependent on skilled
workers. Nevertheless, training new employees in complex tasks is a unique challenge for the industry. On
the one hand, it involves sacrificing limited physical equipment and specialists to train new staff. On the other
hand, the use of hazardous equipment may raise health and safety concerns. Also, the use of new
technologies to train future staff in processes could increase safety.
The commercial aviation market is growing at an exponential rate, with increasingly complex aircraft flying
further distances and on more routes than ever. Augmented reality (AR) has the potential to deliver
maintenance expertise anywhere in the world.
Immersive Technologies in Industry can lead to Mixing Reality. With Virtual Reality (VR), we can see
products before they are produced, go through structures before they are built and make changes in real
time. With augmented reality (AR), we can have relevant data and designs related to a thing or place floating
right in front of our eyes when we look at it - and control that data with a blink of an eye. Mixed Reality (MR)
goes far beyond the digital model and the glasses and headset. It captures the world around us and combines
it with digital space - 3D design space, simulation and optimization. For example Steelcase has been making
office furniture for decades, but today they’re doing it in new ways for a new generation of workers, using
immersive technologies that enable customers to not only see their more than 60,000 products in detail, but
actually see what they look like in the context of real space - and share responses in real time. In many
companies the process of implementing a new employee is called is called employee onboarding. This
process may vary from one company to another, but the main goal is to make sure that the new employee
can learn and grasp as much information as possible. Currently, companies are moving from traditional to VR
employee onboarding. Using VR for onboarding is a perfect way to introduce new employees to the company
culture as it utilizes virtual simulations to take the new employee through orientation. This also eliminates
disrupting the rest of the workers in the office during the process. Immersive learning is not a conventional
learning format in which students usually download information to their device. Rather, it is about learning
experiences and facilitating a learning format in which a virtual learning environment and simulation training
are widely used.
The use of VR for onboarding allows new employees to receive training and emergency exercises without
compromising safety. For example, Deutsche Bahn, which is responsible for the German interurban express
train system, relies heavily on VR training to prepare more than 4,000 employees. Using HTC Vive, the
company offers individual training scenarios to reproduce important equipment, controls and tools. Martin
Repondek from Deutsch Bahn said: “VR is a great, cost-effective way to provide practical training that is
almost impossible to reproduce in the real world ”. In addition, it can also be used to teach employees about
the high risk working environment. Repondek also commented that VR is “particularly good for large, physical
simulations of new equipment and operations”. VR employees on board increase safety by using interactive
360º and VR content to create situations similar to real-world, dangerous scenarios. When employees
experience this, they are better prepared for a potential disaster. With VR employee onboarding, such
mistakes are less likely to happen. The system takes the employees through all possible work scenarios and
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familiarizes them with smart, effective ways to handle emergencies. This makes it easier to bring future
employees closer to the company’s culture and expectations through a well-developed employee onboarding
program.
More and more often we can observe that eLearning is also moving to completely new areas using
immersive learning. This learning mechanism requires 100% of the student's thinking ability and a succession.
In this case it is important to prepare an engaging learning environment. An immersive learning
implementation course should include learning scenarios that are quite relevant to people. In particular, the
use of different characters in the course, the possibility of creating one's own avatar, interesting case studies,
role-plays, etc., should be considered. You can also enrich your experience by learning from game-based
game-gambling, where we generate gaming experiences for your online courses.
By creating immersive learning environments it is important to encourage the learner and invite him or
her to play his or her own role in the story. The aim of this involvement is to enable the learner to make a
choice so that they can observe the results or consequences of their choice. This can also be done by giving
the learner different options, but it is important to make sure that all of them seem feasible so that the flow
of the training scenario is not interrupted. Trainees can learn in two ways. They can learn by considering the
choices of others, or they can learn by considering their own choices. In this context, you should consider the
different points of view on history and share your observations. One of the most important things to consider
is never to restrict your students. It is not acceptable for you to force students to follow a pre-determined
direction, as this can be very discouraging as they have limited choice. Therefore, the best way to do this is
to give full control to the course participants and allow them to learn from it on their own.
A study conducted at compared traditional school education with education extended to VR and found
that VR students group achieved better results than students taught in a traditional environment. Traditional
education students group averaged 73 percent in the final test, while VR group students averaged 93 percent.
In addition, the VR group showed greater understanding and retention after two weeks.
According to Companies are already experiencing the benefits of immersive learning, especially in highrisk sectors such as energy, industry, manufacturing or construction. In addition, there is a growing interest
in other industries that are exploring space, such as the Medical School of Atlanta University, which uses VR
for the training of surgeons, so that the following can be observed 40% less errors than conventionally trained
surgeons. Another example is retail training: Walmart uses VR to prepare store managers for Black Friday,
the biggest shopping day in America. Walmart plans to implement this technology in 200 training centers. It
is estimated that 80% of savings will be made during training.
Implementing immersive training can improve staff's working incentive and productivity. In a recent
experiment, Google's Daydream Labs tested two groups of employees to use a coffee machine, one with
YouTube videos and the other with VR. The VR group not only learned to use the machine faster, but also
made fewer mistakes. Another interesting example of implementation of virtual reality training in was
presented by Farmers Insurance for its new employee programme. The participants move through an
immersive course with more than 500 damage combinations and scenarios. The company expects to save
$300,000 with the new training program, mainly on travel and accommodation costs. Virtual reality is
definitely not only a fashionable technology, it is an effective way to improve the quality of training.
In health care, Yale University tested how VR training is comparable to conventional teaching methods
when training residents to perform gallbladder resections. At the end of the study, the authors found that
the VR group performed the operation 29 percent faster and six times less frequently made mistakes during
the procedure. Also Stanford University's virtual reality lab published a study in 2013 showing that
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experiencing disability (in this case color blindness) with VR has led to increased empathy and future behavior
in particular to more active and bolder coping with problems.
The U.S. Chemical Biology Center of the U.S. Army, Edgewood, uses virtual reality to provide a higher level
of immersion for training in using of complex equipment. The main aim is to increase retention, supplement
traditional instructions and simulate real-world scenarios. The observed benefits include the ability and
flexibility to provide training in shorter time frames. VR can also increase empathy and excitement during
training that helps improve information retention.

2.4.
ANALYSIS OF THE POSSIBILITIES OF IMPLEMENTING IMMERSIVE
LEARNING IN MANUFACTURING SECTOR
2.4.1.

METHODOLOGY

Analysis of the possibilities of immersive learning implementation was based on the survey results and
direct interviews. For this purpose, several companies were selected in Voivodships of Podkarpacie in Poland
located in the Aviation Valley representing the manufacturing sector and the aeronautics industry. A similar
choice was made for all i-Trace project partners in Norway, Italy and Spain (for location see Fig. 3). Based on
the collected information and suggestions, good practices have been chosen that can be used to the develop
training programmes using immersive learning.
Educational offers from research centers using VR/AR technology in training process publicized on theirs
home websites were also analyzed. In addition, evaluation of educational programms using immersive
technology has been carried out. Based on the collected information and suggestions, good practices have
been chosen that can be used in immersive teaching.
The training system to be developed should be focus on the use of immersive virtual reality systems in
combination with haptic (force feedback) devices. Manufacturing and maintenance personnel identified by
participating industries will be trained on the VR system. Once the users are trained in the use of the system,
the second phase of training should be focus on the application of the system to the training of assembly,
disassembly, and maintenance procedures.
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FIGURE 3 I-TRACE PROJECT PARTNERS

2.4.2.

RESULTS

Maturity of augmented and virtual reality devices has considerably grown recently. As processes in the
aviation industry are error prone and time consuming, efforts are made to implement these technologies to
support human workers during inspection and maintenance. Nevertheless, varying process and device
characteristics impede the selection of a suitable technology.
The conducted research has shown that organizations use VR/AV technology in the process of the staff
training. Surveys carried out that these technologies are applicable not only in aeronautics, but also in
prototyping and building logic circuits. Research based on results from 14 companies: 4 from Norway, 5 from
Italy, 5 from Spain and 4 from Poland. These were the Institution of education, VET and/or research
organization, and also the typical private sector company/organization. Research has shown that companies
already have advanced solutions and use AR/VR tools in the education process.
The most interesting of them which the surveyed companies reveled are:
DAR System - advanced visualization system of work orders on virtual clone. The objective of the
application is to improve the visualization of the maintenance and production operations of the A400M
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aircraft. This process of improvement is developed through the use of tablet, augmented reality glasses and
virtual reality glasses.
AIRPOXY- thermoformable, repairable, intelligent and adhesives composite. AIRPOXY reduces
production and maintenance costs for composite parts in the aeronautics industry with a new family of
thermoformable composite. An innovative family of resins patented by CIDETEC is required.
VIP L ab (Virtual Prototyping Lab) - “VIP Lab” project aims at investigating a new innovative approach
to engineering and teaching using VR and immersive technologies. It is also used for several purpose but one
of the main activities is to take lessons using immersive and realistic advanced simulations.
Advanced and I nnovative Methods f or C ertific ation and Val idation - The framework
consists of: a module for Immersive Design Review of aeronautical components; a module for ergonomic
analyses both the product and of the workspace; a module for the simulation of human robot interaction in
cooperative industrial environments; a module for the virtual training of the operators. Is delivered to
optimize and improve aeronautic product performances in terms of weight, functionality and quality;
minimize costs and time to market, developing appropriate architectures of the airframe product, exploiting
innovative methods and technologies (virtual engineering) for the correct simulation of physical phenomena
and automatizing the structural design process. In particular the partner UNINA-DII has developed a virtual
reality framework for cooperative design and simulation of product/process.
The immersive virtual room C adland for Alenia Aermacchi (now called Leonardo) in Turin
in 2012. The main goal of room is improve design review and training activities. The immersive virtual room
was an half-CAVE. Mainly composed by two vertical screen 90° disposed the immersive virtual room is able
to immerse the user perfectly inside the model or the virtual environment.
The Green Spirit vi rtual roo m - the virtual room built in 2009 for Green Spirit project aimed
to train sales force of REX Electrolux in Italian region. This project was very successfully and for that reason
it has been cloned in other part of the world: Brazil, Sweden, etc. The project was the result of cooperation
between Rex Electrolux and Research Center of FIAT (now called FCA). The virtual room is located in Porcia
(PN - Italy).
The Immer sive Virtual Ro om - has been built in 2018 with the specific goal to enhance the
effectiveness of training for engineering (drawing, design review, etc.) and manufacturing (NC machines
simulation, etc.) activities. The Virtual Room is located in Cento (FE - Italy) and is perfectly integrated in
specializing training paths.
A system sup porting E WIS train ing (electrical wiring interconnect system) - it is a universal
training system for all types of aircraft mechanics. It allow to implementation of virtual work tools on the
avionics box. The company has experience in the implementation of VR simulations - e.g. Cockpit - training
in starting engines (from 1.5 years).
Implementation of 360 degree training videos.
Flight simulator with a hybrid vision system (parachute jump simulator)
A system supporting the design of lines producing electronic systems.
The level of this implementation is generally national. The solutions described above allow to achieve the
main goals in the form of:
minimize the time of resolution of abnormalities in the indicated aspect;
significantly improves efficiency in decision-making tasks, staff assignment and resolution of open
incidents;
cost reduction;
a new way for teaching human-centered product development and industrial design;
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to develop a virtual reality framework for cooperative design and simulation of the product/process;
improving design review and training activities;
to increase the effectiveness of engineering (drawing, design, etc.) and manufacturing (NC machines
simulation, etc.) activities;
training in the field of certification and the mechanics of avionic;
shortening the time of introducing the element to production;
produce of VR flight simulators and propagation of knowledge on aviation to the audience, providing
training with simplified mechanical construction;
reduction of prototypes iterations by using VR based environment (3D visualization);
creation of guidelines for the creation of interactive training environments;
provide a safe working environment for students, apprentices and trainers;
shortening the project duration of new VR models;
analysis of assembly and maintenance tasks;
training system for aircraft manufacturers and maintenance teams;
use of haptic and auditory devices to enhance the VR experience;
mobility of the whole environment;
reduction of employee training time (no need to wait for the creation of a real workstation and
artifacts);
In many cases the companies shows specific goals like The JIF2LAND project, which carried out by the
consortium formed by the company Aritex and Eureca. It has been developed for the dismantling of the
original Airbus wings and the assembly of laminar flow wings to carry out the tests of wants, from the
conceptual phase to the delivery. For this purpose, Aritex and Eureca have developed efficient single-use
tooling processes for coupling and uncoupling the BLADE laminar flow wings to the A340.
Presented didactic applications according to the respondents' opinions will allow to develop skills,
competences, responsibilities for the target group like students, employees, job seekers, etc., in particular:
ability to resolve abnormalities;
knowledge of structural repairs and composite materials;
VIP Lab is the ideal point of training for industrial designers and engineers. The lab is mainly designed
for automotive/transportation sector;
VIP Lab is focused on Virtual Prototyping and all its activities aim to investigate how to avoid the use
of Physical Prototypes inside engineering;
Skills and competencies: use of computer aided design tool (CAD), computer graphics (VR & AR) and
computer aided engineering tools (FEM, CFD, multi body dynamics, kinematics, ergonomics) to reduce time
to market and, at the same time, to improve quality, robustness and feasibility of the product - for engineers
(mechanical, electrical, structural, etc.).
training sessions using NC machines to workers. Virtual reality overcomes this problem because it
can make any machine available and does not interfere with safety issues between the person to be trained
and the achievement of training objectives. No specific competences are needed but at least a basic know
how of NC machine operation would help.
such as in the norm AMC 20-21;
ability to work in VR + hardware, English language, selected operations;
primary training of flight related activities, verification of candidates for advanced training;
improving design skills.
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In most cases have been implemented the training sessions, events, presentations, articles published on
international journals, seminars or workshops on virtual prototyping, design of products with prototypes
verified in VR on early stage of project.
The training process is usually based on simple AR / VR equipment in the form of: tablets with Wifi
connection with airplane manuals, links real images, photographs with elements of the catalog of pieces;
tablets and internal management program; augmented reality glasses and virtual reality glasses;
presentations and training videos, presentations of the actual model or VR, CAD, CAM, Rapid prototyping.
In advanced systems such flight simulator on the outside, the aircraft is fitted with two representative
transonic laminar outer-wings, while inside the cabin there is a highly complex specialist flight-testinstrumentation station. The extensive modifications to the A340-300 test-bed aircraft took place during the
course of a 16-month working party in Tarbes, France, with the support of numerous industrial partners
across Europe. In terms of the testing technology, notable ‘firsts’ included the use of infrared cameras to
monitor the laminar flow transition points and the acoustic generator which measures the influence of
acoustics on laminarity. The innovative reflectometry system which measures overall deformation in realtime during flight. To date, the Flight Lab has performed 66 flight hours.
The virtual rooms like VIP lab are supported by Barco Stereoscopic Projection System, Glass Screen 6.00mt
x 2.25mt, Vicon Tracking System, Extron Room Automation System, Professional audio system, Highperformance Graphic Engine. Virtual Reality Labs IDEAinVR and MARTE has a Barco 3D stereoscopic
projection systems (2 projectors), Graphics cluster, Flexible screens 90° displaced, ART Tracking system,
Software Techviz, Barco 3D stereoscopic projection system.
The main results, conclusions or recommendations from the evaluation depend on the specifics of the
company. We can cite here specific result to the aviation industry, such as possibility to simulate turbocharger
assembly, facilitates production planning, acceleration of the training process, implementation of proemployees, better designs, reduced costs, reduced time to market. According to the respondents, however,
success must be based on training, cooperation with the supplier, continuous exchange of information,
knowledge, hard work, persistency, good team, flexibility of customers.
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2.5.
ANALYSIS OF THE POSSIBILITIES OF IMPLEMENTING IMMERSIVE
LEARNING IN UNIVERSITIES
We are looking for ways to improve academic performance and overall learning and motivation in
universities level Aerospace Engineering. Traditional teaching methods, such as reading textbooks and using
two dimensional diagrams, are not keeping pace with changes in how students consume media and learn on
their own. Thanks to virtual reality, users may engage the senses, emotions and cognitive functions of the
brain, using the most powerful aspects of detention. The use of high-fidelity simulators allows both common
and rare mistakes to be repeatedly practiced during the education process. Activities performed by students
are then discussed. This element of education allows to analyze the course of work and to make the
practitioners aware of the mistakes made, correcting them during subsequent scenarios. 3D technologies
completely reversed the processes of industrial design and production and brought many facilities. If we want
to use them fully, we also need to change the process of educating engineers. That is the reason to cooperate
with universities so as to provide young people with modern education methods.
The cost reduction of the VR simulator in relation to the physical simulator is huge. An example of the cost
of producing a VR simulator is approx. 25,000 EUR. Physical simulators are costs reaching tens of 250,000
EUR. An important factor that reduces the costs of building a VR trainer is that the entire mapping of the
interior of the aircraft cabin, the surroundings and the view of the route being covered are mapped in eyecatching 3D goggles.
As part of the research, the use of VR/AV techniques in the didactic process at selected Universities was
analyzed. The data was collected from the Rzeszów University of Technology, University of Information
Technology and Management in Rzeszów (UITM), The State Higher Vocational School Stanisława Pigonia in
Krosno, University of Rzeszów, Lublin University of Technology.

Gdańsk

Poznań
Warszawa

Dęblin
Lublin

Wrocław

Chełm

Kraków

Rzeszów
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FIGURE 4 POLISH MAIN AIRCRAFTS TRAINING CENTERS
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Currently, two universities in Poland are involved in the training of future pilots for the needs of civil
aviation: Rzeszów University of Technology and the State Higher Vocational School in Chełm. Appropriate
education and qualifications can also be obtained at the High School of Air Force Officers in Dęblin, but its
graduates contribute mainly to the Air Force of the Polish Army (for location see Fig. 4).
A brief description of the key assumptions and information on the achieved objectives is presented below.
Rzeszów University of Technology - on 17-11-2017, Virtual Reality Laboratory G2A was opened at the
Rzeszów University of Technology. The establishment of the laboratory is the result of the implementation
of the agreement signed on January 20, 2017 between Rzeszów University of Technology and G2A.com.
Thanks to modern equipment, the laboratory will be adapted to the implementation of innovative projects
in the field of virtual (VR) and augmented reality (AR). Planned projects will be available not only to IT
students, but also to students of other majors as well as scientists and entrepreneurs from cooperating with
PRz. The planned projects are in the field of medicine, modeling of production processes, gaming, supporting
the education process, including vocational education, aviation simulations and generally the supply chain in
aviation and astronautics.
University of Information Technology and Management in Rzeszów (UITM) - uses VR technologies for
educational and marketing purposes. It organizes events that participants can use both the lecture panel and
Oculus VR test stands, where you can check how virtual reality looks like. In addition, it prepares conferences
for enthusiasts to which representatives of many companies using these technologies engage. The University
of Information Technology and Management in Rzeszów has prepared a paper recruitment guide this year.
However, many of its elements thanks to the special application "helloWSIiZ" downloaded to a smartphone
or tablet has its continuation in the digital environment. For example, on the printed guide page, the user
sees a photo of a student in one of the faculties. After "hovering" the photo with a smartphone, the
application displays a video, where it talks more about the field of study, about the possibilities of work. The
paper brochure takes on life. The University also uses "360 degree video" technologies. It gives a large,
unprecedented possibilities, because the viewer of the film becomes the image's producer. He decides which
cadres he watches.
The State Higher Vocational School Stanisława Pigonia in Krosno - Department of Nursing received EU
funding for the implementation of a project allowing for modern and practical education in the field of
nursing. Within its framework, the Medical Simulation Center will be created. Medical simulation is a new
department in medical education using virtually created reality and ICT technologies. Teaching classes are
conducted in conditions close to realistic. Thanks to this, students will be better prepared to practice.
Educating students with the help of a new tool such as a high fidelity simulator and medical simulation will
allow nursing students to practice invasive procedures with the possibility of making mistakes and showing
their consequences in simulated conditions. Advanced simulators will faithfully imitate human and its
parameters. They can cough, vomit with artificial food, bleed with artificial blood, sweat, or change the width
of the pupil of the eye under the influence of light. The teacher may construct various scenarios, eg a patient
with subarachnoid hemorrhage, a patient with diabetic ketoacidosis, a patient with cardiac tamponade who
will teach the student how to act correctly.
The State Higher Vocational School Stanisława Pigonia in Krosno also implements a new specialty
"Designing and manufacturing in a virtual environment", specialty in the field of Mechanics and Machine
Design, which was awarded with the "Studies with future" certificate. The specialty was created thanks to
the cooperation of PWSZ, Nowy Styl Group and IBS Poland, and its creation has sealed the signing of the
contract. The uniqueness of studies consists in the combination of major subjects, necessary for mechanical
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engineers, with a large number of laboratory classes. Students will learn on one of the most advanced
systems - 3DExperience. During the course the student will acquire knowledge and skills in the construction,
manufacture and operation of machines, mechanics, design using modern calculation tools, implementation
of manufacturing and assembly processes, selection of engineering materials and supervision over their
operation, team work, coordination of work and evaluation of their results and efficient use of modern
computer techniques. Particular emphasis is put on learning computer-assisted construction techniques and
numerical methods of structure analysis, advanced CAD / CAM / CAE systems.
The graduate will gain the ability to use the integrated Dashault Systemes 3DExperience design and
development system and work with CATIA software, one of the most comprehensive and comprehensive
engineering support programs in the field of designing, creating flat documentation, FEA finite element
simulation and programming of numerical machines CNC type. This software is most commonly used in the
automotive and aerospace industries. It is perfect for designing household appliances, injection molds, dies,
blanking dies, sheet metal parts, plastics, composites, production lines and many more. It enables virtual
checking of the ergonomics of the designed product.
University of Rzeszów - implemented in training system for immersive learning English. UR is working on
the implementation of applications / tools / software or a system that uses virtual reality technology as a
medium, three-dimensional, interactive locations, animated virtual characters, the ability to interact with the
system and the environment, using VR goggles and controllers. Each of the three-dimensional locations will
contain a pool of tasks related logically and plot with the character of the given location. Tasks (in the form
of scenes) are aimed at practicing specific language skills of the user (student). One task consists of several
Student Interactions with a virtual character or object (coffee machine, ticket machine, interactive form given
to the Student by a virtual character, etc.). The main form of Interaction with virtual characters within the
Tasks is a dialogue based on the speech recognition system run by the Student. Virtual characters will ask the
Student questions or answer his questions in accordance with the logic of a given Task. Interactions occurring
within a given Task describe the Task Scenario. Two tasks will take the form of active games. One of the tasks
will be chatbot conversation on the social platform.
Lublin University of Technology - in cooperation with the Academy of Land Forces in Wroclaw and Avia
Consulting created two simulators and a 6DFO module. The first simulator is used to train BSP operators, the
second simulator is designed for pilots of manned aircraft. The 6DFO module is our proposal to develop the
possibilities of the above simulators with additional physical effects on the pilot / operator. This module
allows you to make longitudinal, transversal and composite inclinations adequate to the view observed by
the person training in 3D goggles. SYNTIA simulator was created for the training of future pilots and operators
of unmanned aircraft BSP (single- and multi-rotor drones) as an innovative alternative to traditional hardware
simulators. The virtual VR is the "heart" of the simulator. The technology of advanced VR visualization is a
tool to reflect the reality closed to the volume of the computer. VR capabilities have been applied to the
practical training of pilots of manned aircraft (eg F16, Boeing 737, Cessna, paramotor, Bombardier, etc.). In
addition, in the laboratory Programming of Intelligent and Computer Systems of 3D Technology at the Lublin
University of Technology, the issues of using VR and AR technologies in particular in the field of museology
and access to collections are being developed.
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2.6.

SUMMARY

Immersive learning is a dynamic strategy to improve e-learning, and its direction can lead to the future of
learning. However, some may find that incorporating this technology into learning is quite expensive.
Therefore, for now, technology cannot be used by everyone for immersive learning. Nevertheless, immersive
learning is indeed a great strategy to achieve important learning goals.
The idea of immerse students or providing them with a real learning environment is now becoming one
of the biggest distinguishing factors of competition on the e-learning platform.
The main goal of immersive learning is building an environment where people get involved so much that
they care. It is a tool that moves students to the most practical learning situations without any limitations of
reality: risk, logistics or little and the right to failure in real time.
Technology has significantly improved the learning process, and now allows for much better and more
efficient methods that can be used in an office environment. VR training is also developing, which is a great
way to increase employment and training efforts of employees and should not be overlooked as part of
a business strategy.
Addictive learning provides students with a highly interactive environment, both virtually and physically.
This helps to duplicate possible scenarios and teach students specific techniques or skills. After creating a VR
training module, learners can use it at any time and repeat the training as often as necessary without
additional costs. The training can be used in short steps that are easier to fit into their work flow.
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3.
EVOLUTION
OF
IMMERSIVE
TECHNOLOGIES
ENGINEERING AND LEARNING PROCESSES
3.1.

INTRODUCTION

3.1.1.

DEFINITIONS

FOR

Immersive technologies have significant impacts on companies. However, a very important clarification
must be made: virtual reality and augmented reality are often twinned, they have in common to be new
technologies, innovative and digital, but their "area of influence" and mode of use is completely different. To
keep the answer more concise and relevant, we will focus on virtual reality, being the most mature field
today and bringing more value between companies and professionals.
First of all it is very important to define which technology can be called immersive and which not. In
order to do that we list the main definitions of “immersive” that can be found in literature.
generating a three-dimensional image which appears to surround the user (Google)
providing, involving, or characterized by deep absorption or immersion in something (such as an
activity or a real or artificial environment) (Merriam-Webster)
seeming to surround the audience, player, etc. so that they feel completely involved in something
(Cambridge-Dictionary)
providing information or stimulation for a number of senses, not only sight and sound (Collins
Dictionary)

FIGURE 1 EXAMPLES OF NON-IMMERSIVE TECHNOLOGIES FOR TRAINING

FIGURE 2 EXAMPLE OF IMMERSIVE TECHNOLOGIES FOR TRAINING
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So the concept of “immersive” is strongly linked to that of virtual reality. Let’s define it. Virtual reality: is
an interactive computer-generated experience taking place within a simulated environment, that
incorporates mainly auditory and visual, but also other types of sensory feedback like haptic. This immersive
environment can be similar to the real world or it can be fantastical, creating an experience that is not
possible in ordinary physical reality. Augmented reality systems may also be considered a form of VR that
layers virtual information over a live camera feed into a headset or through a smartphone or tablet device
giving the user the ability to view three-dimensional images. (Wikipedia)
So the user is immersed in a new, virtual world. The virtual world is created by us, and we can make
everything we want happen, even impossible things. It goes without saying the almost infinite potential of
virtual reality.

3.1.2.

IMMERSIVE TECHNOLOGIES: THE CHALLENGE

The costs related to standard training are often influenced by the travel expenses of trainers and trainees,
but also by the reconstruction of real scenarios and situations, if needed. For example, a course to train
people to deal with emergencies involves the physical reconstruction of critical situations.
Moreover, if several physical prototypes are needed in pre-production phase, costs probably increase very
much and the realization of these prototypes slow down the phase of introduction into the market of new
products.
So, the need to reduce time-to-market and simultaneously training and production costs are leading to
an increasingly massive use of immersive virtual reality technologies. These strategies are mainly declined in
terms of “virtual training”, “virtual prototyping” and “virtual (digital) twin”.
Virtual Training is a training method in which virtual environments and virtual reality technologies are
used by an instructor to show, explain or test certain skills that can help others to learn something. The main
characteristics of virtual training are the reproducibility of all learning situations and the considerable
emotional impact that implies better learning. As written by Anne E. Schlosser in her article “Learning
Through Virtual Product Experience: The Role of Imagery on True Versus False Memories” that appears in
the December 2006 in the Journal of Consumer Research, the use of virtual training creates more vivid and
durable imageries in memory, improving the results. These effects could create also false memories but they
can be used in training activities to improve learning. For example, a person who believes (false memory) to
have experienced a real fire experience as part of a fire training session will have a more vivid memory of the
concepts learned and will therefore be more ready if he has to face an emergency situation.
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FIGURE 3 EXAMPLE OF VIRTUAL TRAINING USING IMMERSIVE TECHNOLOGIES (BY AUDI MEDIACENTER)

Virtual prototyping is a methodology in the process of product development that involves using
computer-aided design (CAD) and computer-aided engineering (CAE) software to validate a design before
committing to making a physical prototype. This is done by creating (usually 3D) computer generated
geometrical shapes (parts) and either combining them into an "assembly" and testing different mechanical
motions, fit and function. The assembly or individual parts could be opened in CAE software to simulate the
behavior of the product in the real world.

FIGURE 4 EXAMPLE OF VIRTUAL PROTOTYPING OF AN AIRCRAFT

A Virtual (Digital) Twin is an integrated multiphysics, multiscale, probabilistic simulation of an as-built
vehicle or system that uses the best available physical models, sensor updates, fleet history, etc., to mirror
the life of its corresponding flying twin (Glaessgen & Stargel, 2012).
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FIGURE 5 EXAMPLE OF VIRTUAL TWIN OF A CITY

From an engineering point of view, today more and more software CAD (Computer Aided Design) allow,
for example, to use an immersive device like the visor HTC Vive to "navigate" immersively the model you are
drawing. The same is true for the other applications related to the world of engineering (CAM -Computer
Aided Machinery-, CAE -Computer Aided Engineering-, etc.) and the factory (Process Planning, Layout
Management, etc.) which increasingly use immersive virtual reality to evaluate the result of calculations
rather that the positioning of machines inside a production line or a shopfloor.
The world's leading manufacturers of computer platforms for the engineering world and for the
management of factory processes (Dassault Systemes, Siemens, PTC, Autodesk, etc.) are evolving their
solutions towards integrated systems that natively support the most innovative concepts of digitalization
linked to Industry 4.0 and therefore precisely towards the concept of virtual prototyping and digital twin.
One of the main examples of this kind of evolution is the 3D Experience Platform by Dassault Systemes,
which integrates the functionalities of CAD (CATIA), FEM analysis tools (SIMULIA), factory processes
(DELMIA), data and business process management (ENOVIA), etc., into a unique business platform, all with
the possibility of using, at each level, the immersive virtual reality as an evaluation tool.
Digital twin technology involves the management of large quantities of data to provide actionable insights
within the product or process. The capability to visualize the data is equally as important. A combination of
digital twins and virtual reality has given company stakeholders the ability to immerse themselves and fully
understand data, providing necessary solutions. The digital tools of Industry 4.0 give stakeholders the ability
to plan and predict. Digital twins will be able to spot areas of concern before any human. Above this, providing
connected workers with virtual and augmented reality will offer opportunities to reduce errors and save
time.
As companies continue to aggressively pursue smart, connected, Internet of Things (IoT) technology,
analyzing the data from these devices and visualizing that information from augmented and virtual reality is
an incredible opportunity. Due to the influx of data collected through digital twins, utilizing a virtual or
augmented experience is the best way to digest the information. The insights gained from digital twins are
gathered from the performance of analytics or simulations. Although augmented and virtual reality help with
understanding data gathered from digital twins, it is not essential within the digital twin process. It provides
convenience and a sense of reality to the data obtained and compliments the benefits provided by digital
twin technology.
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To best realize the concepts of virtual prototyping today many 3D parametric CAD and CAE software
integrate virtual reality functions or, if this is not possible, allow other software to use the models and data
representations in this mode, especially using viewers or virtual room.

FIGURE 6 DASSAULT SYSTEMES 3DEXPERIENCE AND IMMERSIVE VISOR HTC VIVE

In some cases we can refere to the integration of immersive virtual reality and engineering as “virtual
reality engineering”. Virtual reality engineering includes the use of 3D modelling tools and visualization
techniques as part of the design process. This technology enables engineers to view their project in 3D and
gain a greater understanding of how it works. Plus they can spot any flaws or potential risks before
implementation. This also allows the design team to observe their project within a safe environment and
make changes as and where necessary. This saves both time and money. What is important is the ability of
virtual reality to depict fine grained details of an engineering product to maintain the illusion. This means
high end graphics, video with a fast refresh rate and realistic sound and movement.

FIGURE 7 EXAMPLE OF VIRTUAL ENGINEERING: DESIGN REVIEW IN VIRTUAL ROOM
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Virtual reality and the design cycle: in some cases, virtual reality can be used from the start of the design
lifecycle, e.g. the initial concept through to the build and implementation stages. This is reviewed at stages
to check for faults, structural weaknesses and other design issues.
Virtual reality and rail construction: virtual reality engineering is employed by Balfour Beatty Rail (for
example), a rail infrastructure contractor who includes this as part of their design process. It is used for
planning, prototyping and construction purposes, and helps with project realisation.
Virtual reality and car design: car manufacturers use virtual reality for prototyping purposes during the
design process. This enables them to produce several versions which are then tested and changed as per the
results. This removes the need to build a physical prototype and speeds up the development stage. The result
is a cost effective streamlined process.

3.1.3.

FOCUS ON TRAINING

If you've ever wondered if there can be a company on the face of the Earth that can survive and prosper
without adequate training, the answer you've surely identified is "NO". There is not a single organization on
the face of the Earth that can survive without well-trained members. However, as much as everyone likes to
boast about how effective their training program is, the simple fact is that nothing can beat on the job
experience.
Polishing one’s skills on real-life problems in day to day situations, despite all the technical innovation is
ultimately what makes a professional valuable. And this one area where Virtual Reality training truly shines
out.
What is Virtual Reality Training Anyways? Although virtual reality is receiving a lot of attention these days
thanks to devices such as HTC VIVE, Oculus Rift and Gear VR, VR based training has been used by companies,
academia, and military for a long time. Essentially VR based training puts the trainee in a 3D environment
relevant to the subject matter via a specially designed audio-visual headset.
By the way, 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 an
easier, safer and more flexible way and, unlike other alternative methods, maintains a high level of
interaction with the learning content.
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FIGURE 8 RESEARCHERS WITH THE EUROPEAN SPACE AGENCY IN DARMSTADT, GERMANY, EQUIPPED WITH A HTC VIVE VR HEADSET AND
MOTION CONTROLLERS, DEMONSTRATES HOW ASTRONAUTS MIGHT USE VIRTUAL REALITY IN THE FUTURE TO TRAIN TO EXTINGUISH A FIRE INSIDE
A LUNAR HABITAT

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”, 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.
General advantages of Virtual Reality Training:
-

Accurate and realistic simulation of dangerous or risky situations within a controlled environment
Cater for large numbers of attendees over various locations
Highly visual approach which aids with learning
Peer review, feedback and ongoing assessment
Deconstruct complex data into manageable chunks
Visualisation of complex concepts and theories
Exploration of virtual scenarios as experience for real world scenarios
Interaction
Ensures that learning is fun and enjoyable where appropriate
Cost effective

The advantages of such an approach should be readily apparent. Not only can it cut out distractions, but
it can totally immerse the trainee in the simulation, to the point where they begin to respond to it just as
they would in a real-life situation.
In other words, not only will trainees acquire information relevant to their job, but they can start
practicing their skills right from day one.
Why should we adopt virtual reality for training?
-

Makes learning more visual
Humans are intensely visual creatures. 90% of all the information that is sent to our brains is visual
in nature, and 93% of all our communication is visual, too. With VR, training becomes more visual as
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the subject matter is presented in a visually stunning, 3D format that most people will find far more
appealing than regular old text.
-

Makes better learning more affordable

Until a few years ago, virtual reality training was the sole domain of high-end commercial,
government and military applications.
A comparatively simple VR headset such as the NVis SX60 with a 60 degree Field of View and
1280X1024 resolution (both eyes) cost a whopping $24,000! Compare that the price of Oculus Rift
and HTC Vive that offer far better specs, and the progress being made should be readily apparent.
With falling hardware prices, more developers are also turning to making VR specific content,
meaning we will soon have a flourishing eco-system of apps that will make training more fun and
engaging.
-

VR makes learning safer

Workplace training accidents are, unfortunately, common occurrences in many industries and in
sectors such as manufacturing, energy and defense, they may even be fatal. As novices are the most
likely to make mistakes, they need a safe place to practice their skills until they are confident in them
and VR provides just that. By letting your employees practice in a VR 3D environment, they can iron
out the kinks in their skills, and start the job with a near-perfect command.
-

Can be implemented remotely

With trends such as BYOD (Bring Your Own Device) becoming increasingly common, the world is
moving to a decentralized workplace where people collaborate over vast distances. Since VR
headsets are becoming cheaper, they can be easily bought for training purposes and implemented
remotely. The trainee can access/download training material from the company’s website, and use
it wherever he/she wants.
-

Aids retention and recall

As we said before, the key selling point of virtual reality training is its ability to create highly
immersive environments. Greater immersion can also increase material retention and since the
trainees can practice their skills as many times as needed, the knowledge becomes part of their
muscle memory, too.
These are a few of the features that make VR training so much better than regular old instructional based
training. As the technology evolves, we will see more immersive training solutions emerge that will allow
people to train faster, better and cheaper than ever before.
What Virtual Reality enables teachers, lecturers or anyone in an educational setting to do is to deliver
large amounts of often complex information in a visually attractive way. Many students find it easier to learn
when presented with a visual explanation which they also find easier to retain and recall.
Most people find it easier to learn, understand and retain information if the learning experience is a
pleasant one.
Another benefit of virtual reality is the fact that you can train large numbers of people within a virtual
setting, i.e. remotely, without spending big amounts of money. Training can be expensive especially if you
have to transport groups of people from various parts of the country (or abroad) to a designated location
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within the country. Alternately, you may have to train one person at a time on a particular piece of equipment
which again, is costly and time consuming.
But with virtual reality you can create accurate 3D models which provide a realistic representation of what
you are trying to achieve or trying to instruct people to use. This means an accurate representation of a
machine or equipment which people can learn to use and in a safe environment. But elements of risk can be
added if necessary.
Examples of Virtual Reality Training:
-

Medical training/surgery simulation
Architectural walkthroughs
Historical re-enactments
Reconstructions
Emergency services, e.g. paramedic training
Combat training

These are just some of the many applications for virtual reality training which are increasing over time.

3.2.

LITERATURE SURVEY

For several decades, universities and research centers have been carrying out experiments and research
to evaluate the applicability and application of immersive virtual reality solutions to training.
Some researchers have focused on the technological aspects while others have focused their activity on
the methodology. Very important, however, are results that highlight the psychological and sociological
implications, since the impact of immersive solutions on people's behavior is a field of primary interest.

3.3.

METHODS

Our research focused on the analysis of the latest VR technologies related to the world of training and on
the detection of some significant best practices on the italian territory.
The sources to which we have drawn were deliberately diversified, in order to widen as much as possible
the information range:
-

C’s knowledge base (our expertise)
Customer’s requirements
Customer’s experiences
Universities’s researches and experiences
Research Centers know how

Some information come from Cadland’s documents, other ones were obtained by interviewing companies
and universities that have been accourately selected (such as for Best Practices), other ones come from
websites of Universities, Research Centers and companies.
All this information has been carefully collected and examined in order to define and describe a systematic
approach to the topic of Immersive Training in Aerospace Sector.
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3.4.

CONCLUSION

Considering our research activities but also in relation to what is happening today on the market, talking
about immersive virtual reality applied to training is really topical. It is clear that every manager asks himself
the same question: is it the right time for this generational step from the technological point of view?
If we consider the maturity and diffusion of technology and what is essentially (or should be) the purpose
of every HR office when preparing a training program, the answer is YES.
Rather than transferring notions or providing an undifferentiated instruction manual, training means
sharing knowledge, practices and experiences that help human resources perform new tasks (or old tasks in
new ways) and make correct decisions in specific contexts and situations. The interaction, in the classroom
and in the field, is the basis of the personalization of each training course: each participant can in fact actively
contribute to the sharing process, which must be calibrated to the real needs of the workforce through
practical tests and mechanisms of feedback.
As demonstrated (also) by best practices, many companies and universities now use virtual reality as a
tool for training sessions. The road is marked and there is no going back, it is only to refine and adapt the
methodologies to the various specific sectors and continue on the path of technological improvement so as
to make this approach truly accessible to all.
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4. AUGMENTED, VIRTUAL, MIXED AND EXTENDED REALITY:
ANALYSIS OF GOOD PRACTICES AND SUCCESSFUL TRAINING CASE
STUDIES IN SIMULATED ENVIRONMENTS IN POLAND, SPAIN,
ITALY, NORWAY AND OTHER COUNTRIES.
4.1.

INTRODUCTION

This chapter proposes a selection of Good Practices in the use of Augmented, Virtual, Mixed and Extended
technologies. In the first place, definitions and different uses were compared: to narrow the application
fields, we decided to focus on only two uses: the training and the commercial. This phase was followed by a
summary work, aimed at proposing a method of cataloging and analyzing Good Practices. This
methodological proposal was shared with the partners of the four EU countries that are members of I-Trace1,
who have indicated the experiences they considered Good Practices, in relation to the general purpose of
the project: sharing strategies, practices, knowledge in the use of this kind of technologies for creating a
favorable situation in the educational learning.
A practice, a project idea, a methodological approach, an operational solution is characterized as good by
the effectiveness of the results that it has reached, due to its intrinsic quality and innovation characteristics,
and to the contribution offered to the satisfaction of the need.
Good Practices are useful to share and disseminate to the extent that such experiences are able to feed
new ones in different contexts from the original one or represent an effective reference to draw new ideas,
information and solutions useful for engaging innovative developments or to be adapted to its own local
context and its own internal needs. It could be a starting point for debate with relevant stakeholders for the
purposes of innovative effects on the sector of intervention, therefore Good/Best Practices has intrinsically
a value and a "political" purpose.
In this framework, the classification of Good Practices aims on one hand at collecting good examples at
European level, to which national/regional/local education policies or entrepreneurs themselves can be
inspired, and on the other hand want to contribute with a qualitative support to the monitoring of the spread
of these technologies.

4.2.

GOOD PRACTICES BASIC CONCEPTS

What is a Good Practice? The definition that can be found in literature or derived from the experiences of
national and international observers are many and very different. The heterogeneity depends essentially on
the use that is made of the Good Practice and on the context to which it refers. Defining a concept punctually
does not only have a purely semantic value but also a substantial one because it serves to establish exactly
what you are talking about and avoid personal interpretations. This also applies to those seemingly obvious
and intuitive concepts such as Good Practices. A constant of the definitions of Good Practices is the direct or

www.erasmus-itrace.eu I-TRACE IMMERSIVE TRAINING FOR AEROSPACE, Erasmus Plus – Key Action 2 Strategic Partnerships for vocational education
and training Project n. 2018-1-IT01-KA202-006836 CUP G84D18000120006
1
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indirect reference to the methodology of continuous improvement of quality and, where possible, to
scientific evidence. Below there are two definitions of Good Practices:
A Good Practice is not only a practice that is good, but a practice that has been proven to work well and
produce good results, and is therefore recommended as a model. It is a successful experience, which has been
tested and validated, in the broad sense, which has been repeated and deserves to be shared so that a greater
number of people can adopt it (Organizzazione delle Nazioni Unite per l'alimentazione e l'agricoltura)
“… the best examples of practice, e.g. which methods, tools, organisation, systems, technology, etc., were
used to achieve the excellent performance seen. Such examples should also imply ease of transference to
other situations where users have similar objectives and should facilitate learning by them. In Beep, Best
Practice is the tool used to show how the best performers achieve their excellent results. Beep users find Best
Practice by searching the Knowledge Base using characteristic indicators only, so that the user seeks
inspiration and information. This is looking for Best Practice only and does not involve Benchmarking. The
user is probably looking for ideas and inspiration as to how to do something he/she has not yet tried, thus has
no need of Benchmarking” (BEEP, GLOSSARY, in “Survey and review of case study resources”, June 2001)
First, it can be seen that in some cases we speak of Good Practice and in others of Best Practice. Let us
first observe the opportunity to privilege "good" over "best", since "best" does not require margins for
improvement and seems to attribute an optimal level to the case or to the practice without taking into
account the specific context in which it is realized. Furthermore, it is also necessary to consider the variable
"time": we prefer to use the term Good instead of Best, knowing that the approaches are constantly evolving
and being updated. Considering that the objective of this specific analysis is the use of a certain type of
technology, such as VR and AR technology, and considering its evolution period, it is highly advisable to use
the term Good instead of Best.
A Good Practice is also characterized by eight requirements:
Effective: positive and tangible impact on users and on the promotion of civic participation;
Feasible;
Measurable: possibility of quantifying the impact of the initiative;
Innovative: it is the ability to produce new and creative solutions to achieve the objectives in
comparison with other similar experiences;
Sustainable: it is the ability to build/produce something using existing resources or the ability to
generate a new one;
Transferable: it should have the potential for replication and should therefore be adaptable to similar
goals in different situations. All the uses of Good Practices experiences has the principal main of
transferability, but they do not always explain its limits. In fact the direct transferability of a practice, in all its
components, is strongly limited by the variation of the contextual conditions (normative, cultural, linguistic,
organizational). The easiest ones to transfer are certainly the ICT solution, which may require relatively
limited adjustments (mainly scalability and customization). The transfer cannot be expected to concern entire
practices, but rather to stimulate creativity, self-reflection, the capacity for analysis, awareness of potential
and critical issues;
Visible: this refers to the notoriety acquired by the practice, particularly relevant in case of services
to be promoted;
Learning and relationships: this refers to the ability of the practice to generate learning opportunities
or to create and settle exchange and learning relationships;
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Based on the literature and the contribution of experts, the CDC Best Practices Workgroup has created a
framework with 2 related components. The first is the Impact, the set of requirements listed above:
effectiveness, scope, feasibility, sustainability and transferability. The second is the Quality of Evidence that
goes from weak to rigorous. At the intersection of impact and quality of evidence, a continuum of practices
that represent knowledge: from emerging to promising to leading up to best. Good Practice is, in fact, all that
is not Best (Emerging, Promising, Leading). In the concrete case of the analysis of experiences in the use of
Augmented, Virtual, Mixed and Extended Reality for educational and commercial purposes, it is possible to
say that nowadays Good Practices stop at emerging/promising level. There is no single model that is inspiring
for everyone else.

FIGURE 1 A CONCEPTUAL FRAMEWORK FOR PLANNING AND IMPROVING EVIDENCE-BASED PRACTICES.

In general, the adoption and promotion of Good Practices allows the spread of a new socially responsible
approach. If we want to explain which subjects and in which contexts they benefit from the use of Good
Practices, we highlight policies planning (at any level and for any area) and Companies.
For the company:
improving, developing and increasing initiatives already done or integrating new ones in sectors not
yet developed
optimizing processes to obtain more effective and efficient improvements
improving relations with stakeholders
For policies planning:
creating examples that can be shared with the aim of improving competitiveness in a specific area
developing a culture of social responsibility through concrete examples
enhancing the image of the territory
developing partnerships between different categories of stakeholders
promoting, sharing and co-planning

4.3.

METHODS
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The adopted approach starts from the definition of the field of interest and the general objective of ITrace project, that is to form a pilot group of teachers/trainers able to use the methodology of immersive
training approach: this document aims to produce a selection of Good Practices in training/educational field
(it is explicitly requested to indicate a training experience). The operational procedure that was used for data
collection is described below. From this first reflection, the focus is on the factors that make the practices
relevant and, consequently, their collection in a specific format to be filled out.
This is the format 2 that was sent to all partners for the compilation:

FIGURE 2 EXAMPLE OF THE FORMAT SENT TO ALL PARTENERS OF I-TRACE PROJECT FOR DIDACTIC EXPERIENCE DATA COLLECTION

Depending on the partner involved, the activity was characterized by a collection of material on the
experience in question, through direct contact and interview with company representatives (Norway, Spain
and Poland), via web (Spain)3, through direct experience (Poland and Italy).
The questionnaire is divided in three parts: a first one related to general information, a second part related
to the development and implementation of the didactic experience and a third one in which the request was
for the specific description of the training experience.
In the first section, the information requested was: name of the intervention, name of the Responsible
Organisation , a short description of the didactic application (who, what, where, when, how, who fund and
at what level), what the main aim and the main objectives of the didactic application are, which fonts and
methodology the partner used to find out the information.
In the second section, the information requested was: EQF applicable, Target groups, who
implements/implemented the intervention, what supportive technologies and tools have been used,
References.
In the third section, there is a focus on immersive learning application:
In relation to the training architecture, we ask to specify the amount of immersive training (in hours)
in comparison with the total duration of the training programme/course (in hours),

2 For a correct

visualization of the format, please see Annex A.

3 https://eurecat.org/

and http://www.innovae.eu/projects/airbus/

51

In relation to training modules, we ask to specify how many hours have been realized through
immersive training in relation to the total duration of each module)
In relation to monitoring and evaluation, we ask to specify if the training has been monitored, the
learning outcomes verified, by which kind of tools and by whom
In relation to the main purpose of the training, we ask to specify the rationale at the basis of the
immersive training application (in-company training for updating of workers’ competences, introduction of
new technologies for improving production/organizational performances; training of University students,
depending on the context of application
At last, we ask to specify the achieved benefits generated by the immersive training application for
trainees/students ( i.e.: improving of learning outcomes, increasing of empowerment and active participation
of beneficiaries, reduction of time for training /increasing of training efficiency, increasing of quality of
training, realization of market-oriented trainings, increasing of direct involvement of companies in education
programmes /reinforcement of the so-called business-education partnerships, etc.).

4.4.

RESULTS

This paragraph will describe every single didactic experience - considered Good Practices - divided by
Country of origin.

4.4.1.

SPAIN

The Spanish partners, Institut Illa dels Banyols and Consell General de les Cambres Oficials de Comerc
Industry The Navegacio de Catalunya reported four didactic experiences, directly from the Companies:
-

Jif2land (EURECAT)
DAR System - Visualización avanzada de órdenes de trabajo sobre clon virtual (INNOVAE)
Formación de maquinistas de grúas y carretillas (PUERTO PASAJES)
Virtual training (ACCIONA )

It should be emphasized that only two of the four experiences are related to erospace sector but all of
them are linked by the educational/training and/or maintenance purpose.
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4.4.1.1. JIF2LAND - - JIGS AND FIXTURES FOR ASSEMBLY OF THE LAMINAR WING AT
THE BLADE FLIGHT TEST DEMONSTRATOR FINAL ASSEMBLY LINE (EURECAT)

FIGURE 3 EXAMPLE OF LAMINAR FLOW AIRBUS

The Project, started in 01/09/2014 and ended in 31/12/2016, was funded by the seventh framework
program of the European Union within the Clean Sky platform to develop innovative and advanced
technology that reduces CO2 emissions, gases and noise produced by aircraft. The JIF2LAND project has
carried out the innovative design, manufacture and delivery of all the necessary tools for the assembly of
laminar flow wings within the BLADE (Breakthrough Aircraft Demonstrator in Europe) project. BLADE is an
initiative led by Airbus, as part of the European Clean Sky programme, the objective of which has been to
evaluate laminar flow wing technology in commercial aircraft in order to reduce fuel consumption and,
consequently, the environmental footprint in aviation (reduction up to 5% of the CO2 emission).
The JIF2LAND project, carried out by the consortium formed by Aritex and Eurecat (Centre Tecnològic de
Catalunya), has developed all the tools and utensils necessary for the dismantling of the original Airbus wings
and the assembly of the laminar flow wings to carry out the tests, from the conceptual phase to the delivery.
For this purpose, Aritex and Eureca have developed efficient single-use tooling processes for coupling and
uncoupling the BLADE laminar flow wings to the A340. On the outside, the aircraft is fitted with two
representative transonic laminar outer-wings, while inside the cabin there is a highly complex specialist flighttest-instrumentation station. The extensive modifications to the A340-300 test-bed aircraft took place during
the course of a 16-month working party in Tarbes, France, with the support of numerous industrial partners
across Europe. In terms of the testing technology, notable ‘firsts’ included the use of infrared cameras to
monitor the laminar flow transition points and the acoustic generator which measures the influence of
acoustics on laminarity. Another first is the innovative reflectometry system which measures overall
deformation in real-time during flight. To date, the Flight Lab has performed 66 flight hours.
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4.4.1.2. DAR SYSTEM - VISUALIZACIÓN AVANZADA DE ÓRDENES DE TRABAJO SOBRE
CLON VIRTUAL (INNOVAE)
The project’s objective was to improve the information visualization systems of planned operations and
defects in the area of production and maintenance of the A400M aircraft.

FIGURE 4 EXAMPLE OF DAR SYSTEM MAINTENANCE TRAINING

This process of improvement was developed through the use different applications developed specifically
for Tablet, Microsoft Hololens augmented reality glasses, and virtual reality HTC VIVE glasses. Using this
equipment, technicians can manipulate a digital model of the aircraft and access different sections - difficult
to reach - in order to explore their status. They can also incorporate detected defects and incidents.

FIGURE 5 EXAMPLE OF HTC VIVE GLASSES

The new visualization systems implemented have greatly improved efficiency in decision-making tasks,
the allocation of staff and the resolution of open incidents.
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4.4.1.3.

FORMACIÓN DE MAQUINISTAS DE GRÚAS Y CARRETILLAS (PUERTO PASAJES)

The main aim of the project is the train machinists of cranes and forklifts. It is focused on a virtual
simulation compatible with the HTC VIVE platform, for training in the handling of cranes and forklift in the
port. The module includes training experiences in a forklift for both loading and unloading merchandise from
the ship. In addition, it includes immersive experiences for the training of crane operators in the unloading
of bobbins from ships and in the loading of them in trucks.

FIGURE 6 EXAMPLE OF HTC VIVE PLATFORM

To provide an accurate training, the physics of the loads were simulated in both the cranes and the trucks.
It is a gamified training module with a tracking system for incidents and evaluation tools for users.

4.4.1.4.

VIRTUAL TRAINING (ACCIONA )

The “Augmented Facility Management” project combines virtual and augmented reality as tools for
training employees, as well as for maintaining the facilities. The technician is virtually immersed in the
installation and performs different maintenance tasks. The time spent in the simulator, allow users to
familiarize themselves with the daily tasks and they can get first-hand knowledge of the characteristics of the
plant without visiting the facilities physically. Thanks to virtual reality, several training and learning
environments are created, enabling an easier training process and avoiding any type of risk associated to the
task. The solution provides the possibility of accessing to the training session remotely and simultaneously
to several students. Furthermore, augmented reality allows operators to monitor the plant in real time and
to remotely control its operations from any location around the world.
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FIGURE 7 EXAMPLE OF VIRTUAL TRAINING SESSION IN ACCIONA

4.4.2.

ITALY

The Italian partners, Istituto E. Fermi and Cadland srl have reported four educational experiences from
Companies and Universities:
-

VIP Lab (Virtual Prototyping Lab) – Università degli studi di Modena e Reggio Emilia
CERVIA - Advanced and Innovative Methods for Certification and Validation
Training activities in Alenia Aermacchi
Green Spirit Electrolux
Implementing Augmented Reality to Aircraft Maintenance: a daily Inspection Case Study
Augmented Reality in support to Helicopter Maintenance Activities, the TELL ME results

It should be emphasized that all experiences have the purpose of training students or technicians and/or
maintaining aircraft.

4.4.2.1. VIP LAB (VIRTUAL PROTOTYPING LAB) – UNIVERSITÀ DEGLI STUDI DI MODENA
E REGGIO EMILIA
Vip Lab is an advanced simulation laboratory that provides high-level design and engineering methods for
Industry 4.0, enhanced by elevated expertise and cutting-edge technologies as complementary and
synergetic resources for the development of innovative, sustainable and intelligent products and processes.
The main goals of the VipLab are:
-

To integrate design and styling into the engineering process
To provide methods and tools for Virtual Reality technologies
To support companies in developing HUMAN-CENTRED SIMULATIONS
To provide protocols and tools for User Experience analysis
The project aims at investigatig a new innovative approach to engineering and teaching using VR
and immersive technologies. The research areas are:

New methods and advanced animations to optimize product-process behaviours
Definition of ad-hoc human-machine interaction evaluation protocols for physical and cognitive
workload
Virtual assembly / disassembly / maintenance
Virtual training applications and comparison with traditional practices
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New methods and tools for the optimization of the production line and optimization of tasks, layout,
and flows
Advanced interaction analysis based on human monitoring (motion capture, eye- motion tracking
and post-processing of user actions
Simulation of human-robot collaborative tasks
The Lab is equipped with Virtual Reality and Human Monitoring technologies:
CADwall by STEWART (6x2 metres) with rear projection and special glass substrate for high
luminescence
Two high-performance GALAXY NW-7 projectors (7,000 lumens) by BARCO
Active glasses for stereoscopic viewing by VOLFONI and radio frequency emitter
Tracking system with BONITA cameras by VICON
Interactive navigation devices (APEX by VICON, Wiimote by Nintendo)
3D sound system with Dolby surround by DENON
Eye-tracker by TOBII (Glasses 2 Pro)
Biosensor BH3 by ZEPHYR for recording of vital parameters
Augmented Reality glasses by GLASSUP
In addition, ViPLab uses the most advanced software for virtual prototyping and interactive
immersive 3D simulations, aesthetic rendering and digital manufacturing:
CATIA and DELMIA by Dassault Systemes
VRED by Autodesk
TECNOMATIX and JACK by Siemens PLM
IC.IDO by ESI
Nexus and Tracker by VICON
VIP Lab is used for several purpose but one of the main activities is to take lessons using immersive and
realistic advanced simulations. It is also performing real technology transfer from the University to the
companies at local, Italian and international level, and a higher education centre which supports enterprises
in their technical and technological growth.

FIGURE 7 EXAMPLE OF VIRTUAL PROTOTYPING LAB
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VIP Lab is active since 2016 and it is located in University of Modena and Reggio Emilia (Department of
Engineering “Enzo Ferrari”, Via Vivarelli 10, 41125 Modena (Italy)) and the laboratory is coordinated by Prof.
Marcello Pellicciari and Prof. Margherita Peruzzini.

FIGURE 8 EXAMPLE OF IDEA-PRODUCT CICLE

The lab is a new way for teaching human-centred product development and industrial design. It is the
ideal point of training for industrial designers and engineers. It is mainly designed for
automotive/transportation sector because University of Modena and Reggio Emilia is inside Motor Valley
(Ferrari, Lamborghini, Maserati, etc.) but it is used also for other sectors (aerospace & defence, packaging,
etc.). VIP Lab is focused on Virtual Prototyping and all its activities aim to investigate how to avoid the use of
Physical Protipes inside engineering.
Research is based on the definition and adoption of X-in-the-Loop approaches, in particular, Human-inthe-Loop simulations (HITL): development of interactive digital mock-ups and immersive virtual
environments according to human factors requirements to predict and optimize the human interaction with
machines / interfaces / systems. Creation of immersive and interactive visualization with high level of realism
to navigate and interact with virtual prototypes in order to verify the design and the product / system
features, according to a Human-in-the-Loop (HITL) approach. The research is based on the definition of the
most suitable set-up for specific purposes and the comparison of different system set-up for particular
applications.
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FIGURE 9 EXAMPLE OF VIRTUAL PROTOTYPING LAB

4.4.2.2. CERVIA - ADVANCED AND INNOVATIVE METHODS FOR CERTIFICATION AND
VALIDATION
The project has been created by Distretto Aeronautico Campano (DAC) involving research centers
(University of Naples Federico II, University of Campania Vanvitelli, University of Salerno) and several big and
SMEs operating in the aeronautic sector. The main aims:
To optimize and improve aeronautic product performances in terms of weight, functionality and
quality;
To minimize costs and time to market, developing appropriate architectures of the airframe product,
exploiting innovative methods and technologies (virtual engineering) for the correct simulation of physical
phenomena and automatizing the structural design process.
In particular the partner UNINA-DII has developed a virtual reality framework for cooperative design and
simulation of product/process. The framework consists of:
-

A module for Immersive Design Review of aeronautical components;
A module for ergonomic analyses both od the product and of the workspace;
A module for the simulation of human robot interaction in cooperative industrial environments;
A module for the virtual training of the operators.

The laboratory “Marte” offers virtual prototyping services and an immersive environment for conducting
Design Review sessions of complex products and systems. This service, dedicated to interdisciplinary
Integrated Product Development teams operating in technologically advanced sectors, can be used right
from the initial phases of the design process as soon as the first CAD product files are available and
throughout its development cycle, giving the opportunity to interact with the virtual prototype long before
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its physical realization. This translates into the possibility of preventing design errors in advance, increasing
product quality and simultaneously reducing development time and costs.
The main activities are:
-

Measurement in virtual environment of the aesthetic characteristics of industrial products
Design Review: Measurement of a project's criticality in a virtual environment
Measurement of maintainability characteristics of complex assemblies in a virtual environment
Measurement of the usability of industrial products in a Virtual environment
Measurement of quality characteristics of industrial products in a Virtual environment
Measurement of Human-Robot interaction in assembly lines

In the short term, aspects of environmental aging and non-destructive control and health monitoring will
be included. Process aspects will also be considered with appropriate simulation models and the effect of
the presence of defects on the behavior of aeronautical structures. A specific in-depth study will be dedicated
to lean engineering techniques and to environmental point of view (green engineering).

4.4.2.3.

TRAINING ACTIVITIES IN ALENIA AERMACCHI

Aerospace & defence sector needs continuously improvement in engineering and training activities and
the immersive technologies are really important because the dimensions of the models and the criticity of
situations. The immersive virtual room was realized by Cadland for Alenia Aermacchi (now called Leonardo)
in Turin in 2012 in order to improve design review and training activities. The immersive virtual room was an
half-CAVE. Mainly composed by two vertical screen 90° disposed the immersive virtual room is able to
immerse the user perfectly inside the model or the virtual environment.

FIGURE 10 EXAMPLE OF TRAINING ACTIVITIES IN ALENIA AERMACCHI
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The supportive technologies are:
-

The main aim is improving design review and training activities.
Barco 3D stereoscopic projection systems (2 projectors).
Graphics cluster.
Flexible screens 90° displaced.
ART Tracking system.
Software Techviz.

On the occasion of the annual International Forum for military training, taking place in April 2015 in
Prague, Alenia Aermacchi presents, for the first time, the ground training system demonstrator of the new
jet for the basic-advanced training of military pilots M-345 (Ground Based Training Demonstrator Device GDD).

FIGURE 11 EXAMPLE OF M-345

The GDD of the M-345, with the livery of the "Frecce Tricolori", is an advanced flight simulator, which
reproduces the flight qualities of the M-345 HET (High Efficiency Trainer - high efficiency trainer) of Alenia
Aermacchi and represents a faithful replica of the cockpit and the main flight control instruments of the
aircraft. The various components that make up the ground training system - which include flight simulators
and computer-based educational tools - are a key component of the new M-345 HET Integrated Training
System. The M-345 HET offers to Air Forces an economically advantageous and effective solution, thanks to
a significant containment of acquisition and operating costs, comparable to those of high-powered turboprop
trainer which provide significantly lower performance and training efficiency.
With the M-345, by making the same number of flight hours, the pilot student can complete the training
process with a much higher level of competence than a turboprop trainer, including sensor and armament
management and procedures of air-to-air and air-to-ground engagement. In concrete terms the air force can
reduce the hours of flight of the basic phase, for example from 120 to 90 or keep the 120 hours but with the
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introduction to the tactics, and consequently reduce the subsequent training phase on the advanced trainer
from 70 to 50 hours (over 28% less) thus achieving a great economic saving.

4.4.2.4.

GREEN SPIRIT ELECTROLUX

Digitization is changing fast our working environment in operations and is starting to add value and
competitive advantages for the company. Using this technology means the onsite technician can work handsfree and the problem can be identified quickly and easily, without misunderstanding. It cuts costs and
travelling, saves time and reduces the failure rate and gets equipment faster back to work (Carsten Franke,
SVP Industrial Operations, Major Appliances EMEA)
Electrolux is rolling out augmented reality technology across 16 factories in Europe, the Middle East and
Africa (EMEA), as digital transformation both drives productivity and makes for a better workplace. Using this
technology for remote maintenance speeds up the maintenance process and keeps production lines rolling.
Augmented and virtual reality is just one of the digital tools that can help us optimize and enhance
productivity, especially when it comes to design or maintenance in our manufacturing processes.
With a mobile application that uses augmented reality to help in-field technicians – assistance is just a
push of a button away. By wearing a pair of smart glasses or using a tablet, an onsite technician can
collaborate in real-time with an expert engineer based at a different location. The smart glasses or tablet
films what the onsite technician is seeing and beams these pictures to the engineer’s computer. The engineer
can then guide the technician to troubleshoot the problem as well as share graphic instructions, images and
technical documentation.
Electrolux does not use the virtual laboratory for educational use only but also for commercial scopes.
The virtual room built in 2009 aimed to train sales force of REX Electrolux in italian regions. This project was
very successfully and for that reason it has been cloned in other part of the world: Brazil, Sweden, etc. The
project was the result of cooperation between Rex Electrolux and Research Center of FIAT (now called FCA).
The virtual room is located in Porcia (PN - Italy).
The supportive tecnologies are:
-

Barco 3D stereoscopic projection system.
ART tracking system.
5mt wide rigid screen (glass).
High performance graphics engine.

4.4.2.5. IMPLEMENTING AUGMENTED REALITY TO AIRCRAFT MAINTENANCE: A DAILY
INSPECTION (CASE STUDY)
The following paper describes a case study conducted by Francesca De Crescenzio and Massimiliano
Fantini (Associate professor and former Researcher at the Department of Industrial Engineering - University
of Bologna) about the implementation of an AR prototype in aircraft maintenance. The research was carried
out with the cooperation of the Aerospace Research Centre (Centro di Ricerca Aerospaziale).
Aviation maintainers have to work under high-pressure conditions, such as time and efficiency, while
performing their job. Moreover, their activity is very stressful since maintenance errors may not become
apparent even for several days or months later until an accident occurs. Such errors have been clearly
categorised by the NTBS (American National Transportation Safety Board), where a complete taxonomy is
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presented. Some of the main risks in maintenance include the risk of skipping passages in the procedure
(procedure violations) together with the risk of automatically following a procedure that may not be
appropriate in that moment (slips). Furthermore, technical misunderstandings must be considered, which
are related to maintenance documentation (technical manuals or job cards) and to the additional IT
(Information Technology) skills required to work on new generation aircrafts. Although maintenance errors
are a recognized threat to aviation safety, there are few simulation and computer-based tools to manage
human factor issues in this field. The main advantages in using computer-based systems to train or support
technicians are that computers do not forget and can help humans clearly understand facts.
3D CAD (Computer Aided Design) modelling and CG (Computer Graphics) animations can help to reduce
errors due to procedure violations, misinterpretations of facts or to poor or insufficient practical training by
providing powerful knowledge and communication tools to help operators in dealing with the main type of
errors that are relevant to maintenance.
In this context, AR (Augmented Reality) has already been investigated as a promising technology to build
up advanced interfaces. It is based on the alignment of a 3D virtual world and the associated 3D real world.
Thus, the main issue concerns the proper overlapping of the two visual sources, the virtual camera and the
real camera. In the last decade many AR applications have been built upon marker-based algorithms that
compute the camera pose based on the captured video image. A widely known representative of the markerbased approach to AR is provided by the AR Toolkit system originally developed by Kato.
Unfortunately, the need to put markers onto the aircraft surface affected its effective implementation in
industry. Moreover, other issues, such as the usability of cumbersome hardware and the complexity in
creating digital contents contributed to limit its use.
To resolve such limitations the researchers that conducted this case study have developed an AR
prototype system based on a marker-less camera pose estimation technique and developed starting from
the task analysis of a general aviation aircraft. The usability evaluation is also presented.
In a maintenance company there are several issues that need to be faced every day. Among the different
activities performed by technicians, the researchers selected the daily inspection of a Cessna C.172P (Fig. 1),
aircraft widely exploited in flight schools.

FIGURE 12 CESSNA C.172P
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They focused on the maintenance check performed before the first flight of the day. The documentation
used to guide this inspection and to test the efficiency and the airworthiness are the Aircraft Maintenance
Manual and the Flight Manual. With the help of expert operators, the complete procedure was deployed in
a hierarchical task analysis. Three subdivision levels have been identified both for the exterior and for the
interior check. The first level corresponds to the task to be performed; the second level concerns the subtask
that can be divided into single steps that correspond to the third level. (Fig. 2 a). The Sub-Task1.1.1 Engine
Oil Level Check (Fig. 2 b.) was selected as a case study since different types of maintenance errors concerning
human factors can be highlighted in this procedure. Moreover, the individual steps can be augmented by
applying Virtual Models and animations which implement different types of digital data, such as digital
replicas of parts and subparts or graphical symbols, such as arrows and pointers, to attract the operator’s
attention or to guide him in the correct accomplishment of the task. The storyboards of the individual steps
were then prepared together with maintenance experts, providing practical examples of the observed risk of
error and the type of 3D information that could be given to clearly support the operator (Tab.1).
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FIGURE 13 A. HIERARCHICAL TASK ANALYSIS OF THE DAILY INSPECTION;
FIGURE 13 B. DESIGN OF AR PROCEDURE FOR THE SUBTASK “ENGINE OIL LEVEL CHECK”.

STEP

RISKS

Open the access door

AR INFORMATION

An animation of opening the door

Read the instructions
inside

Skipping this step and using
the wrong oil specification

Framing the info tag where the constructor’s specifications are
reported

Unscrew the oil cap,
counterclockwise

Forcing the knob clockwise
to unscrew the stick

Circular arrow clearly showing the correct sense of rotation

Extract the oil stick

Touching hot oil

An animation of the 3D stick rotating and moving upward, initially
superimposed on the real stick.
A warning message.

Check the oil level

Mistakes
in
unit
transformation
Mistakes in level check

Depicting correct and incorrect oil levels on the 3D stick to attract the
user’s attention

Screw the oil cap back
on

Close the door

An animation of the stick rotating and moving downward

An animation of closing the door
TABLE 1: PROPOSALS OF AUGMENTED REALITY TO REDUCE RISKS.

A 3D Database of digital contents contains 3D basic models, such as symbols, arrows and frames, and 3D
models of parts and subparts. If available, CAD models of components can be exploited for the AR
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visualization; otherwise digital replicas of parts can be modelled or obtained by means of Reverse Engineering
(RE) techniques.
For this case-study the digital oil stick was modelled by means of Rhinoceros 3D and the door and portion
of fuselage were reconstructed by means of a Minolta Vivid 9i laser scanner. 3D models are exported in WRL
format and stored in the database.

FIGURE 14 FLOW DIAGRAM OF THE AUTHORING PROCEDURE

The database of digital contents is correlated to the apparatus following an offline authoring procedure
(Fig. 3). The marker-less method implemented (developed by Professor Di Stefano group – DEIS – University
of Bologna) is based on the creation of a reference image that interfaces the real world with the virtual world.
This method allows the real-time tracking of natural features, identified as local invariant features, i.e. visual
patterns that are not fixed on physical objects for tracking purposes but instead do naturally exist in the
scene. As illustrated in a recent thorough survey, local invariant features consist in visual patterns (e.g.
patches, circular blobs, arbitrarily shaped regions) that can be detected and matched in natural images and
exhibit invariance –or robustness- to scale and viewpoint changes, as well as to brightness variations
According to the AR method used in this experience, a reference image of the object to be augmented is
acquired once for all in order to extract local invariant features. The features extracted from such a reference
image are stored within the system for subsequent usage. During the task the system continuously processes
the video stream acquired from the camera, with processing of each incoming frame consisting of two stages.
First, local invariant features are extracted from the frame and matched against those of the reference
image stored in the system. If a sufficient number of matches is found, which implies that the object of
interest is currently seen by the camera, pixel coordinates of corresponding features are fed to the second
processing stage. This consists of an algorithm that, based on the assumption that the camera is viewing a
planar object, computes camera pose from pixel coordinates of corresponding features.
Therefore, such a reference image must exist for each apparatus or subsystem and an offline correlation
procedure has to be performed in order to align the real reference system with the local reference system of
the single virtual objects. The operator that creates the digital content is asked to identify one significant
feature on the apparatus, called the “master feature”, and virtually locate the virtual world reference system
centred on such a feature. The master feature should meet a set of requirements: having a simple shape
(rectangular, circular, triangular, ...), being easy to measure on the real object and being located on a plane
surface on the apparatus. Since the camera pose estimation technique is based on the planar matching of
the images, the master feature acts as a planar marker in the marker-based methods and the virtual world
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has to be matched with the real estimated coordinates of the master feature. In this case the master feature
can be considered a natural marker. Once it has been manually identified, the authoring operator is asked to
take a picture of the apparatus. Afterwards, the reference image has to be derived by modifying by hand the
picture so that the feature is located in the centre of the image and the actual size of the feature is replicated
in the image.
This correlation procedure makes it possible to quickly create a virtual space linked to the real apparatus
once a feature has been selected and virtual objects have been disposed offline by means of a CAD interface.
In order to provide the experimental set up, the research team implemented a prototype taking into
account some basic usability requirements. The system should support operations performed in large areas
(hangar). It should not hamper the operator. Finally, it should be comfortable to wear continuously for at
least half an hour.

FIGURE 15 PROTOTYPE OF HEAD MOUNTED DISPLAY

The prototype is therefore made up of the following hardware components that were selected from off
the shelf systems in order to minimize the weight, be reasonably stable and keep the total cost low (Fig. 4):
- The adjustable plastic headset fitted with:
o The see-through Liteye LE750 monitor;
o The Logitech webcam;
- The notebook.
The application is based on the creation of a virtual layer window. The 3D animation in the virtual layer
depends on the specific status of the maintenance intervention, since the maintenance check is a sequence
of operations that must be performed in the proper order. Therefore, each sub-task is composed of a finite
number of steps for the individual apparatus. For each step a set of digital contents and animation are
prepared as in section 2. Graphic Rendering is based on OpenGL graphic libraries.
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FIGURE 16 THE VIRTUAL LAYER OVERLAID ON THE VIDEO STREAM (ABOVE: STEP 4; BELOW: STEP 5)

Moreover, the operator must be continuously aware of the following information:
-

The total number of steps for the current task;
The index of the current step being active;
Progress in task performance.

In order to provide such information the researchers designed the “Step Bar”, which is always visible in
the lower left corner of the display. In this area a timeline shows the total number of steps as a set of coloured
bars. The green corresponds to the steps that have been completed, the yellow to the current step and the
black to the steps that must still be performed before the end of the procedure. The name of the current
step is also indicated above the timeline (Fig. 5). The timeline depicted together with the virtual layer aims
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at enhancing the awareness of the operator on the indexed steps that he is performing. This approach should
help the operator in avoiding errors such skipping passages in the procedure.
Finally, the interaction is sequential, easy and intuitive, since the passage from one step to the next can
be managed by a single flag that can be activated by a simple interface (ENTER keyboard key, single button
device, command via voice recognition, …).
The Augmented Reality prototype was validated in order to assess both the efficiency and the usability of
the system.
The oil check was therefore repeated on three CESSNA 172 planes and generally 10 frames per second
(running on a 2.5 GHz intel core duo laptop with 3GB RAM) is the frame rate observed. Even if this is not such
a fluid frame rate this does not affect the efficiency of the application since the camera is pointed to the
subsystem in a quasi-static way and 3D animation are correctly interpreted.
Usability concerns the ability of the system to be used efficiently by different users to achieve a set of
specific functional objectives. Ten people therefore ran the experiments and the results were collected on
the evaluation form designed for the AR prototype.
The number of software operations needed to progress in the AR procedure and track the operator is
reported on the form since it provides the dimension of the task independently from the complexity of the
single subtasks on the specific apparatus. In this case study the number of operations needed is 14. In order
to compare this to the actual number of operations made by the operator, the researchers computed the
ratio: actual/needed number of operations = 1.2. The maximum value is 20 and means that the testers
followed the procedure quite well, not exceeding in useless operations and keeping the AR interface
synchronized with the real maintenance subtasks in progress.
The training time is always less than 30 minutes and contains both the explanation of the AR prototype
and the time needed to provide the tester with basic information concerning the oil check on the specific
aircraft. The error rate is relatively low. Some problems occurred but the maximum time to solve such
interruptions was 8 minutes.
This could be solved with more training, considering that the people involved in the experiments did not
have any previous experience with AR. The average time to complete the task autonomously was 20 minutes.
The workload was measured applying the NASA TLX form setting six ten-point rating scales for the
measurement of the perceived workload. On this scale the average workload did not exceed the value 4,
while the performance and the satisfaction scales were highly rated by the operators (Fig. 6).
The operators did not comment on the system during the procedure, while several observations were
collected in the debriefing section (section number five in the form). Such comments/observations were
strongly positive. All the participants reported that the visual representation of animated components,
related to the continuous communication of the progress in the task, makes it possible to perform any task
by simply emulating what is displayed. They also noted and appreciated the function of giving them support
in remembering the steps.
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FIGURE 17 MEAN VALUES AND STANDARD DEVIATION FOR WORKLOAD

According to the results presented in the validation section, the prototype reached a high level of
acceptability in the set of potential users that participated in the experiments. The researchers believe that
this is because they showed that the technology actually improved the task’s efficiency. The system described
is strongly application oriented – demonstrating AR’s potential – and able to overcome the users’ skepticism.
Moreover, the markerless methods this system implements, together with the easy-to-handle-graphicsauthoring procedure, enables wider applicability which could be investigated in further case studies.

4.4.2.6. AUGMENTED REALITY IN SUPPORT TO HELICOPTER MAINTENANCE ACTIVITIES,
THE TELL ME RESULTS
FINMECCANICA Helicopter Division (now LEONARDO Helicopter Division), worldwide leader in rotary wing
productions, has experimented the use of AR in helicopter maintenance activities since 2009.
In 2009 the Company carried out a feasibility study developing a prototype of AR system with the aim of
experimenting the state of art of the technology available at the time (hardware and software) and verify
their reliability in a real aeronautical maintenance workplace. From 2012 to 2015 the company was involved
as an industrial partner in the TELL ME (Technology Enhanced Learning Living Lab for Manufacturing
Environments) R&D project.
The developed prototype included a marker-based tracking system using a fixed video camera to detect
a marker (predetermined black and white pattern) positioned in a known location in the environment, since
marker-less technology was not precise enough for the company’s scope (see Fig.1).

FIGURE 18 MARKER-BASED TRACKING WITH AR TAG
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Due to the fact that wearable devices were not available, real world and superimposed virtual information
was shown in a laptop PC put in front of the technician.
After some trials on the field, this first feasibility study confirmed the effectiveness of the use of AR to
support aeronautical maintenance technicians but, at the same time, demonstrated that the technology was
not yet so mature to be accepted by workers. Furthermore, the process to develop AR was not really
sustainable.
With the TELL ME R&D project the Company had the opportunity to test again the application of AR taking
advantage of the new emerging technologies available such as an application of a marker-less tracking system
really efficient and a solution deployable on different mobile devices (smartphone, tablet, Google Glass).
AR applications have been integrated into maintenance job cards loaded from IETP repository in the
standard format AECMA S1000D. The job card is a step-by-step procedure that provides all the instructions
required to carry out the task.
For each step an AR call button is available to the technician; clicking on it the object recognition is started
and, when the item is detected, the AR information is shown to the user (see Fig. 2).

FIGURE 19 WORK CARD SHOWN ON GOOGLE GLASSES

Instructions can be very disparate, ranging from arrows, showing which component the user must interact
with, to text providing additional information (such as the right sequence for removing an object) to the
superimposition of a 3D element (see Fig. 3).
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FIGURE 20 AUGMENTATION OF THE USER'S FIELD OF VIEW

Compared to other applications of AR for maintenance, the one developed in TELL ME is characterized by
an essential augmentation (standard icons, simple 3D graphics, no animations) provided only if requested by
the technician. For this reason the solution of continuous tracking to keep aligned overlaid graphics with the
real image has not been adopted. The application developed provides for taking a photo from the best user
point of view using the mobile device; then the system augments the image with graphic information
contextualized with the step of maintenance activity in progress. In this way the calculation power required
is smaller for the benefit of autonomy (for example when using Google Glass).
The discussion about the mobile/wearable devices used provided several results, even unexpected. The
best rated solution was Google Glass (that was abandoned by Google right after the experimentation); the
main reason is that they allow to carry a monitor mounted on the head leaving the hands completely free as
well as the sight that is 100% as without glasses.
Tablets are rated as an interesting solution because they provide a nice screen at an affordable price and
the worker is usually already familiar with it. The negative aspect is related to the fact that the tablet cannot
be put in a pocket so it should be carried around with the possibility to lose it and, in order to be used during
the work, it needs to be placed close to the user in a visible and accessible place that is often not available
while working on several parts of the helicopter.
The smartphone is felt as the best solution for current applications; its best features are the possibility to
carry it in a pocket and use it just when needed, longer battery runtime (with respect to other devices), the
affordability of the cost.
The “on-the-field trial” confirmed the strengths already highlighted about the adoption of AR solutions in
a highly specialized area such as aeronautic maintenance. The technological advancements of devices,
software libraries and human-computer interaction techniques are making the full adoption of AR closer to
achievement. AR applications can really represent an added value for the IETP (Interactive Electronic
Technical Publication) that are now available in electronic format, providing technicians with an additional
technical support at the workplace. Of course, it is mandatory to comply with aeronautic standards,
regulations and legislation.
Another important aspect that must be considered is the cost. An IETP (one for each helicopter model)
covers several hundreds of maintenance tasks, which may require a specific AR application. From this point
of view a huge step forward would be the availability in the near future of sustainable authoring systems for
the development of AR easy to use by non-experts in IT, but experts in maintenance.
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4.4.3.

POLAND

The Polish partners of Politechnika Rzeszowska im Ignacego Lukasiewicza Prz reported 5 educational
experiences from the Accademic world.

4.4.3.1.

VR G2A LABORATORY AT RZESZÓW UNIVERSITY OF TECHNOLOGY

On 17-11-2017, Virtual Reality Laboratory G2A was opened at the Rzeszów University of Technology. The
establishment of the laboratory is the result of the implementation of the agreement signed on January 20,
2017 between Rzeszów University of Technology and G2A.com. Thanks to modern equipment, the laboratory
will be adapted to the implementation of innovative projects in the field of virtual (VR) and augmented reality
(AR). Planned projects will be available not only to IT students, but also to students of other majors as well
as scientists and entrepreneurs from cooperating with PRz. The planned projects are in the field of medicine,
modeling of production processes, gaming, supporting the education process, including vocational
education, aviation simulations and generally the supply chain in aviation and astronautics.
Laboratory equipment is computer systems with high computational efficiency along with the necessary
NVIDIA graphics cards. The laboratory has modern equipment that allows you to create a virtual reality world
(including 3D glasses, helmets) and workplaces that enable you to implement projects in teams. In particular,
the equipment includes:
4 computer stations dedicated to VR:
-

Motherboard MSI Z370 GAMING PLUS
Power Supply Corsair VS550 550W
Processor Intel Core i7-8700, 3.20GHz, 12MB, BOX
RAM Memory Corsair Vengeance LPX, DDR4, 16GB(2x8GB), 3000MHz
Graphic Card MSI GeForce GTX 1080 GAMING 8GB DDR5 256bit
SSD ADATA SU800 512GB SATA 3
Monitor LG 24M47VQ-P
Cooler CPU SilentiumPC Fortis 3 HE1425 v2

3 Virtual Reality Goggles - HTC Vive:
head
-

6 dedicated HTC controllers
6 HTC signaling bases designed to identify the position of the googles in the room
Set of exchangeable lenses to identify the position of the retina / eye in the HTC Vive overlaid on the
2 Virtual Reality Goggles – Oculus Rift:
4 dedicated Oculus Touch controllers,
4 Oculus Rift signaling bases designed to identify the position of the googles in the room
Software's for creation VR:
Unity 3D and Unreal Engine 4
Blender
Visual Studio Community
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FIGURE 21 COMPOSITION OF VR G2A LABORATORY AT RZESZÓW UNIVERSITY OF TECHNOLOGY

4.4.3.2. UNIVERSITY OF INFORMATION TECHNOLOGY AND MANAGEMENT IN
RZESZÓW (WSIIZ)
UITM uses VR technologies for educational and marketing purposes. It organizes events that participants
can use both the lecture panel and Oculus VR test stands, where you can check how virtual reality looks like.
In addition, it prepares conferences for enthusiasts to which representatives of many companies using these
technologies engage.
Since the appearance of Oculus, Samsung Gear VR, or Google Cardboard, virtual reality (VR) is getting
closer to us. The user assumes special glasses, thanks to which he moves to the created reality and can take
real actions in it.
The University of Information Technology and Management in Rzeszów has prepared a paper recruitment
guide this year4. However, many of its elements thanks to the special application "helloWSIiZ" downloaded
to a smartphone or tablet has its continuation in the digital environment. For example, on the printed guide
page, the user sees a photo of a student in one of the faculties. After "hovering" the photo with a smartphone,
4

https://issuu.com/wsiz_rzeszow/docs/ir2016/25
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the application displays a video, where it talks more about the field of study, about the possibilities of work.
The paper brochure takes on life.
The University also uses "360 degree video" technologies. It gives a large, unprecedented possibilities,
because the viewer of the film becomes the image's producer. He decides which cadres he watches.

4.4.3.3.

THE STATE HIGHER VOCATIONAL SCHOOL STANISŁAWA PIGONIA IN KROSNO

MEDICAL SIMULATION
Department of Nursing State Higher Vocational School Stanisława Pigonia in Krosno received EU funding
for the implementation of a project allowing for modern and practical education in the field of nursing. Within
its framework, the Medical Simulation Center will be created.
Medical simulation is a new department in medical education using virtually created reality and ICT
technologies. Teaching classes are conducted in conditions close to realistic. Thanks to this, students will be
better prepared to practice.
Educating students with the help of a new tool such as a high fidelity simulator and medical simulation
will allow nursing students to practice invasive procedures with the possibility of making mistakes and
showing their consequences in simulated conditions. Advanced simulators will faithfully imitate human and
its parameters. They can cough, vomit with artificial food, bleed with artificial blood, sweat, or change the
width of the pupil of the eye under the influence of light. The teacher may construct various scenarios, eg a
patient with subarachnoid hemorrhage, a patient with diabetic ketoacidosis, a patient with cardiac
tamponade who will teach the student how to act correctly.
The use of high-fidelity simulators allows both common and rare pathologies to be repeatedly practiced
during the education process. Activities performed by students are then discussed. This element of education
allows you to analyze the course of work and to make the practitioners aware of the mistakes made,
correcting them during subsequent scenarios.
DESIGNING AND MANUFACTURING IN A VIRTU AL ENVIRONMENT
PWSZ in Krosno implements a new specialty "Designing and manufacturing in a virtual environment",
specialty in the field of Mechanics and Machine Design, which was awarded with the "Studia z Przyszłością"
certificate.
The specialty was created thanks to the cooperation of PWSZ, Nowy Styl Group and IBS Poland, and its
creation has sealed the signing of the contract. 3D technologies completely reversed the processes of
industrial design and production and brought many facilities. If we want to use them fully, we also need to
change the process of educating engineers. That is why we decided to cooperate with universities so as to
provide young people with modern education methods.
The uniqueness of studies consists in the combination of major subjects, necessary for mechanical
engineers, with a large number of laboratory classes (over half of the hours). Importantly, students will learn
on one of the most advanced systems - 3DExperience. It is provided by (and trains) staff of IBS Poland, which
is a technological partner of the project.
Designing and manufacturing in a virtual environment is a new, unique specialty in the university's offer,
implemented in cooperation with the Nowy Styl group and IBS Poland (Dassault Systems).
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During the course the student will acquire knowledge and skills in the construction, manufacture and
operation of machines, mechanics, design using modern calculation tools, implementation of manufacturing
and assembly processes, selection of engineering materials and supervision over their operation, team work,
coordination of work and evaluation of their results and efficient use of modern computer techniques.
Particular emphasis is put on learning computer-assisted construction techniques and numerical methods of
structure analysis, advanced CAD / CAM / CAE systems.
The graduate will gain the ability to use the integrated Dashault Systemes 3DExperience design and
development system and work with CATIA software, one of the most comprehensive and comprehensive
engineering support programs in the field of designing, creating flat documentation, FEA finite element
simulation and programming of numerical machines CNC type. This software is most commonly used in the
automotive and aerospace industries. It is perfect for designing household appliances, injection molds, dies,
blanking dies, sheet metal parts, plastics, composites, production lines and many more. It enables virtual
checking of the ergonomics of the designed product.

4.4.3.4.
ENGLISH

UNIVERSITY OF RZESZÓW - A TRAINING SYSTEM FOR IMMERSIVE LEARNING

UR is working on the implementation of applications / tools / software or a system that uses virtual reality
technology as a medium, three-dimensional, interactive locations, animated virtual characters, the ability to
interact with the system and the environment, using VR goggles and controllers. Each of the threedimensional locations will contain a pool of tasks related logically and plot with the character of the given
location. Tasks (in the form of scenes) are aimed at practicing specific language skills of the user (student).
One task consists of several Student Interactions with a virtual character or object (coffee machine, ticket
machine, interactive form given to the Student by a virtual character, etc.). The main form of Interaction with
virtual characters within the Tasks is a dialogue based on the speech recognition system run by the Student.
Virtual characters will ask the Student questions or answer his questions in accordance with the logic of a
given Task. Interactions occurring within a given Task describe the Task Scenario.
Two tasks will take the form of active games. One of the tasks will be chatbot conversation on the social
platform. The system will have the following specification:
3D engine
The application must be created using a 3D engine using a programming language to create multi-platform
mobile applications, games for mobile devices, games for websites or games for virtual reality platforms. The
application / tool / software or system will allow you to display realistic three-dimensional graphics in virtual
reality. It is required that the application allows you to preview on the screen what you are currently viewing
in VR goggles.
Users of the VR application:
We divide VR application users into Teachers and Students.
The teacher has access to the application's admin panel.
The teacher will be able to control the student's progress by attaching them to his session at any time
in order to verify the correctness of the issues he or she speaks or to help him / her.
By displaying the student's POV on the monitor, in some cases the Teacher can help by approaching
the Student's position without the need to set up VR goggles.
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The application will display information for the Teacher when the Student stops for a longer time
(not less than 5 minutes) at one point (Task), without conducting interaction.
The teacher will also be automatically informed by the system about the problem with the
performance of the given Interaction, when the student will not be able to correctly perform the interaction
despite exhausting all the help options.
The student is a user with limited rights. The student uses the educational functions of the system,
there is no access to advanced functions such as generating reports.

4.4.3.5.

LUBLIN UNIVERSITY OF TECHNOLOGY

The Lublin University of Technology in cooperation with the Academy of Land Forces in Wroclaw and Avia
Consulting created two simulators and a 6DFO module.
The first simulator is used to train BSP5 operators, the second simulator is designed for pilots of manned
aircraft. The 6DFO module is our proposal to develop the possibilities of the above simulators with additional
physical effects on the pilot / operator. This module allows you to make longitudinal, transversal and
composite inclinations adequate to the view observed by the person training in 3D goggles.
SYNTIA simulator / simulator was created for the training of future pilots and operators of unmanned
aircraft BSP (single- and multi-rotor drones) as an innovative alternative to traditional hardware simulators.
The virtual VR is the "heart" of the simulator. The technology of advanced VR visualization is a tool to reflect
the reality closed to the volume of the computer. Currently, VR is well-known to users of computer games.
In our project, VR capabilities have been applied to the practical training of pilots of manned aircraft (eg F16,
Boeing 737, Cessna, paramotor, Bombardier, etc.).
The cost reduction of the VR simulator in relation to the physical simulator is huge. An example of the cost
of producing a VR simulator is approx. PLN 100,000. Physical simulators are costs reaching tens of millions of
zlotys. An important factor that reduces the costs of building a VR trainer is that the entire mapping of the
interior of the aircraft cabin, the surroundings and the view of the route being covered are mapped in eyecatching 3D goggles.
In addition, in the laboratory Programming of Intelligent and Computer Systems of 3D Technology at the
Lublin University of Technology, the issues of using VR and AR technologies in particular in the field of
museology and access to collections are being developed.

LABORATORY OF SCANNING AND 3D PRINTING
The scope of research:
-

5

3D scanning of museum and archaeological objects
Treatment of acquired data and reconstruction of damaged objects
Optimizing the process of scanning and processing results
Preparing and executing 3D prints

BSP: Bezzałogowych Statków Powietrznych: Unmanned Aerial Vehicles.
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-

Creating procedures for scanning museum objects

Mobile 3D scanning equipment:
Hand scanners with Artec Eva and Artec Spider structural light technology (accuracy 50-100 μm,
texture saving, for a single scanning process)
Faro Focus X330 laser area scanner (range up to 300 m, texture saving), used to create virtual
exhibition spaces
Stationary 3D replication devices:
3D printer in FDM technology, MakerBot Z18 (max. print size 30x30x45 cm, layer thickness 0.1 mm)
3D printer in SLS technology, DWS 020X (max. print size 13x13x9 cm, layer thickness
0.01mm)
LABORATORY OF VIRTUAL AND AUGMENTED REALITY
Research scope:
Presentation of objects, phenomena and processes in 3D virtual spaces
Computer visualization of 3D objects, in Internet technologies, virtual reality (VR) and augmented
reality (AR)
Study of natural human-computer interfaces using VR and AR.
Studying human reaction to experiences resulting from immersion into the VR environment
The use of VR and AR environments in the field of archeology and cultural heritage for gamification
(teaching using competition between participants)
Optical and haptic analysis of gestures and the range of movement of the fingers
Test apparatus owned:
zSpace interactive 3D monitor, with an ergonomic manipulator and Quazar3D specialized
visualization software
VR helmets: Oculus Rift DK2, Samsung Gear VR, Vrizzmo
Leap Motion human-computer communication system
Devices for precise measurement of flexion of fingers - 5DT Data Glove 5 Utra gloves

4.4.4.

NORWAY

4.4.4.1.

DIDACTIC EXPERIENCE IN NORWAY

Norwegian government (https://diku.no/en/ ) has the higherst priority for increasing immersive learning
at different levels of knowledge dissemination inclduing education and industrial sectors.
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FIGURE 1 NORWEGIAN GOVERNMENT DIRECTIONS TO IMMERSIVE LEARNING

In this context, different educational intitutions have initiated use of immersive learning in the knowledge
dissemination tasks to increase the productivity and increase effectiveness to knowledge dissemination
efforts. For instance, in the University of Stavanger Norway uses immersive learning approaches at teacher
education, health and social science level focusing on sending students to historical grounds in a virtual
environment, use of medical applications, etc.

FIGURE 2 USE OF IMMERSIVE LEANING IN HEALTH SECTOR RELATED TEACHING

Furthermore, immersive learning has been used to disseminate knowledge within chemistry related
teaching activities.
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FIGURE 3 USE OF IMMERSIVE LEARNING IN CHEMISTRY TEACHING

In addition, currently immersive learning has been started within engineering education related
knowledge dissemination.
Norwegian industry has started make using immersive leaning extensively in their daily applications.
Especially, within offshore sector, which has almost the similar characteristics as aircraft industry (i.e. in
relation to risk and hazardous circucumtances as well as use of similar equipment such as compressors and
turbines). For instance, some of the large engineering contractors (https://www.tu.no/artikler/byggerjuletraer-med-hologrammer/438125 ) has started extensive use of immersive learning applications in daily
operational support.

FIGURE 4 USE OF IMMERSIVE LEARNING IN OFFSHORE SUBSEA APPLICATIONS

Engineering support service providing companies such as VISCO (https://visco.no/ ) has started
developing applications for operational problem sovling and optimization.

FIGURE 5 USE OF IMMERSIVE LEARNING IN OFFSHORE OPERATIONAL PROBLEM SOLVING RELATED KNOWLEDGE DISSEMINATION
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FIGURE 6 USE OF IMMERSIVE LEARNING IN OFFSHORE DESIGNS’ AND OPERATIONS’ RELATED KNOWLEDGE DISSEMINATION

In this context, visualization has also taken major role in the use of immersive environments.

FIGURE 7 USE OF IMMERSIVE LEARNING FOR VISUALIZATION AND KNOWLEDGE DISSEMINATION

Moreover, currently immersive learning applications have been extended for construction engineering
related tasks. Within the contsturciton engineering, the immersive learning has been used during the design
phase as well as operation phase.

FIGURE 8 USE OF IMMERSIVE LEARNING AT DESIGN AND DEVELOPMENT PHASE

There
has
been
extensive
developments
has
been
done
by
PALE_BLUE
(https://pale.blue/technology/simulation-platform/cad-direct/ ) for bringing computer aided design (CAD)
and building information modelling (BIM) together to enhance the knowledge dissemination and process
productivity higher.
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FIGURE 9 CAD AND BIM INTEGRATED IN IMMERSIVE LEARNING

A study has been carried out in the norwegina sector to investigate the current challenges within the
engineering construction related projects and knowledge dissemination within engineering applications. It
has been observed following challenges as the potential problems when implementing immersive learning
applications.

FIGURE 10 POTENIAL CHALLENGES IN IMPLEMENTING IMMERISIVE LEARNING APPLICATIONS AT KNOWLEDGE DISSEMINATION, DESGIN AND
OPERATIONAL PHASE

It has been also revealed that significant amount research and developments have been done by different
research institutions and product developing organizations to minimize the challenges that has been
investigated in the overall study indicated above. Hence, it is possible to have more improved solutions to
implement immserive learning in knowledge dissemination in education instiutions and industrial
applications. However, it is still a challenge for knowledge disseminators to recognize the what shall be sent
for immersive environment for making the educational or industrial problem solving. Hence, future project
shall focus more what shall be sent for immersive learning environments within formal knowledge
dissemination process and how such requirements be implemented with least efforts. This has been
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significantly achieved by PTC (https://www.ptc.com/en/product-lifecycle-report/the-future-of-ar-vr-inenterprise# ) immaterial if the reality is virtual, augmented, blended, mixed or actual. The PTC has focused
on the combination of 3D imagery interacting with Internet of Things devices and data to change the way
how the educational instutions and industry work and play their roles. Norwegian sector educational
institutions looking forward to collaborate with PTC for developing tailor made knowledge dissemination
activities for enhancing daily teaching activities.

4.4.5.

OTHER COUNTRIES

4.4.5.1. DEVELOPMENT OF A MECHANICAL MAINTENANCE TRAINING SIMULATOR IN
OPENSIMULATOR FOR F-16 AIRCRAFT ENGINES
The experience reported in the following paper concerns the development of a mechanical maintenance
simulator for the training of a team of 3 to 4 skilled engine technicians to be employed in the maintenance
of F-16 military aicraft engines. The research was carried out by a group of experts from different fields
(engineering, human sciences and the Portuguese Air Force).
We provide here below the details of the members of the team involved in the experience:
-

André Pinheiro and Paulo Fernandes (Dep. Engenharias, Escola de Ciências e Tecnologia, UTAD
University of Trás-os-Montes e Alto Douro)
Ana Maia and Gonçalo Cruz (Pro-Chancellery for Innovation & Information Management, UTAD
University of Trás-os-Montes e Alto Douro)
Daniela Pedrosa
(Faculdade de Psicologia e de Ciências da Educação, UC University of
Coimbra)
Benjamim Fonseca - Hugo Paredes - Paulo Martins and Leonel Morgado (INESC TEC (formerly
INESC Porto) / UTAD University of Trás-os-Montes e Alto Douro)
Jorge Rafael (Portuguese Air Force Air Base Nr. 5, Serra de Porto de Urso, 2425-022 Monte Real,
Portugal)

At the Portuguese Air Force, engine technicians go through an initial training process at the Centre for
Military and Technical Training Air Force (CFMTFA), and are subsequently placed at different air bases, with
specific engines and requirements. At each of these bases, they receive further training, focused on the
specific engines and aircraft deployed and serviced there. In the case of the F-16 aircraft, this takes place at
Air Base Nr. 5, near Monte Real. Since technicians may be re-deployed to other bases, training in technical
procedures for the maintenance of specific engines is a common and frequent process. The training process
has an initial theorethical phase, based on a technical document known as “Technical Orders” or TOs. Then
an on-the-job training phase ensues, with trainees acting directly on an engine, in actual maintenance
circumstances.
This final on-the-job training phase is resource-demanding, since it requires engines to be available for
training, and consequently not to be available for service. Also, procedure errors in training may in some
cases produce costly component damage. Furthermore, several of the technical procedures must be
executed by a team, meaning that time allocation of different trainees, trainers, and experienced technicians
needs to be managed, in order for a full team to be available for on-the-job training to ensue. These various
resource requirements place constraints on the availability of on-the-job training opportunities and
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emphasize the need to optimize it. The development of a 3D multi-user mechanical training simulator for this
scenario thus aims to provide trainees and trainers with more opportunities to conduct training, with the
goal of allowing trainees to reach on-the-job training better prepared and thus to optimize the effectiveness
of the resource-intensive training occasions with physical engines. This is a joint effort of the Portuguese Air
Force and the University of Trásos-Montes e Alto Douro (UTAD).
From a software engineering perspective, the aim is also to reduce the resource requirements of
simulation development, by conducting it in a readily available virtual world platform (OpenSimulator) but
implementing the control code and decision-making logic at an external system. The rationale for this
architectural choice was to focus the software development effort on the simulation behavior in a way that
could make it independent from the graphical platform of user interaction.
F-16 aircraft of the Portuguese Air Force employ Pratt & Whitney F100-PW-220/220E engines, with large
number of mechanical maintenance procedures. The UTAD team conducted meetings with the training team
and experts at air base Nr. 5, to ascertain the most relevant procedures for technicians that are starting their
training for this specific engine. Through these meetings, the procedures for installation of the engine inside
the F-16 aircraft fuselage were selected as a first simulation target. This installation involves a series of steps
for properly installing and connecting the engine, which need to be done not only effectively but also safely.
The team has collected data on this process by combining several sources: they reviewed the TOs and taped
and photographed the engine installation process from various perspectives. They then decoded this data,
describing it in terms of a natural language script and creating UML diagrams of its steps, in regular contact
with Air Force trainers to clear out doubts and details. Briefly, these steps involve preparing the engine for
transportation towards the aircraft fuselage, transporting it and preparing it for insertion, positioning it into
the fuselage of the aircraft, setting up the engine connections, and testing the installation. The level of detail
of the simulation of each task was also determined in cooperation with the trainers at Air Base Nr. 5.
In order to create the simulation, given that this process moved on with minimal funding, it would be
necessary for it to be modular, so that development could be incremental, in small steps over time, likely
involving different people in each academic year. During the meetings with the training team at the air base,
context-specific requirements were established. First, the main usage focus is for trainees in a training room
at the air base, but with flexibility for later use from home, or with trainees at other military locations. This
led the research team to consider virtual worlds as a development platform, to reduce the resource
requirements of simulation development and benefit from pre-existing networking and multiuser features
of these platforms. The rationale is that the virtual world provides a set of basic features such as content
rendering, user login and interaction, user messaging, and physical objects, among other aspects. This made
it possible to focus on the behavioral elements of simulation development. In order to exploit this scenario
for this purpose, the team set to plan the prototype development by using OpenSimulator, due to its ability
to enable communication with external systems without requiring changes to the code of the virtual world
platform. It shares its client-server protocol with Second Life and this allowed the team to benefit from the
full set of coding resources and community that develop scripts and client applications for both platforms.
OpenSimulator specifically is used by many different groups and for different purposes and, as with many
virtual worlds, it supports collaboration, including awareness of the presence of other users and
communication, immersive interaction, and a realistic 3D representation. The role of OpenSimulator in the
simulation community has been defended for various scenarios, excluding pure science and target user
groups of simulation experts. The team has also exploited the development of this scenario to create and
further a simulation control architecture which aims to achieve more independence between the
simulation’s behavior logic and its human interaction and visual aspect.
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The use of virtual world platforms as the environment for developing and deploying training simulations
is frequent, in fields as diverse as emergency response, business management, medical and health scenarios,
and security forces. Military training scenarios have also employed virtual worlds as their development
platform, such as the OLIVE platform, and this use follows a long history of gaming and gaming technologies
in military training. Actually, training is critical for the success of military operations, both in technical
operations (eg. aircraft maintenance) and tactical operations and combat. In this sense, virtual world
environments with multi-user abilities allow personnel to interact in a simulated face-to-face environment.
To develop the system prototype, the research team speeded up the 3D environment modeling using the
built-in tools of OpenSimulator/Second Life client viewers, and employed QAvimator to recreate in 3D the
movements of the technicians. The goal at this prototype stage was not to achieve photorealistic visuals, but
simply to be credible for testing and development. Following the overall goal of separation of concerns
between simulation rendering and software control/decision-making, they implemented control and
decision-making as an autonomous system, available to the OpenSimulator platform as a Web Service. This
Web Service receives reports of all interactions taking place in the 3D environment, decides how the system
must react and responds accordingly, with commands specifying the intended behavior of the simulation.
The decision-making was implemented in the form of a hierarchical state machine.
In order to separate the control system from the specificities of OpenSimulator client-server
communication, they developed simple text-based protocols for the reporting of events by the 3D
environment to the Web Service, and for the Web Service response to OpenSimulator with commands. Using
these protocols, they managed to use a single script that is running concurrently in all virtual world objects.
This script, developed in LSL (Linden Scripting Language, commonly used for scripting in Second Life and
OpenSimulator worlds) acts as an interfacing module, to report events to the Web Service, and process the
Web Service response. The commands in the response may be intended for the object originating the event,
or for other objects, in which case the script broadcasts or relays the commands and parameters, depending
on what the Web Service specified in its response. Consequently, new objects can be deployed in the
simulator without having to develop a new OpenSimulator-specific code: since the script is identical for all
objects, only the decision-making component needs to be aware of the new objects.
The UTAD team emphasize that the 3D environment does not conduct any decision-making: it is only
responsible for reporting to the web service the events triggered by the technician’s avatars or other objects
and then wait for commands issued by the Web Service, in response to these reports. In this respect, it is an
embryonic implementation of the Model-View-Controller architectural style for virtual worlds. This holds the
potential to render decision-making independent from the 3D environment: already in its current form the
decision-making algorithm can be replaced entirely, without having to change a single line of code in the 3D
environment. In a parallel effort, they have used the same 3D models and scenario to implement the PartialOrder-Planning algorithm as a reasoning model to replace some of the human-controlled avatars by an
intelligent software agent. The approach used enables the research team to now combine these decisionmaking approaches without having to change the 3D scripts.
Currently, the 3D script is the one aspect which still binds the system to a specific virtual world technology.
It is reporting OpenSimulator/Second Life events and its copies are meant to be running independently. But
the script is detached from the decision-making process. The team aims at evolving this approach in order to
make it viable for other virtual world platforms. Ideally, the development of a new event-reporting module
and a new translation mechanism of decision-making commands into the specific requirements of the new
technology would allow to benefit from existing simulations with the fewer efforts and resources.
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The current decision-making system works as follows: when it receives an event from OpenSimulator, it
first queries a data store with all current data on simulation state. Then, based on this information and the
data of the OpenSimulator-originating event, a hierarchical state machine algorithm determines the
adequate response. For example, if a technician is in a “Free Hands” state, this state can transition to the
state named “HoldingScrewdriverInHand” upon receiving a “ClickedOnScrewdriver” event. Finally, the
transition is translated into virtual-world specific commands, which are provided to the originating script for
execution.
The installation process of a Pratt & Whitney F100 engine in an F-16 aircraft is quite extensive and
complex, requiring three technicians to do the various procedures. Plus, a specific role is needed in the
operation, the process checker, which may lead to a fourth person being involved, should none of the three
technicians have the credentials to perform this role. All necessary procedures are specified in a document
known as the Job Guide, which refers to all the Technical Orders containing the necessary information.
Installation of the engine inside the aircraft fuselage, the first procedure being implemented in the prototype,
is a single process, but it is typically subdivided into four jobs, known as PT1, PT2, PT3, and PT4. Currently the
prototype is implemented to support simulation throughout the PT1 job, which is a precondition for
executing jobs PT2, PT3, and PT4. But more important, it enables testing of the cooperation situations of the
process, because this PT1 job requires the involvement of all technicians, as it entails several tasks that
cannot be performed by a single individual.
One such task is the raising of the engine to align it with the empty hull of the aircraft fuselage, which
requires all 3 technicians: two on the left side, another on the right side, as shown in Fig. 1. When the process
checker issues the command (i.e., this may be the fourth element in the team), the three technicians will
operate screw driving machines in concert to lift the motor simultaneously and coordinately, using speech
as a means of synchronization, to avoid tilting the engine excessively while raising it.
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FIGURE 1 MECHANICS RAISING THE ENGINE AT AIR BASE NR. 5

The multi-user virtual world platform OpenSimulator enables three or four trainees to practice the
synchronization in this task in a similar way, as long as voice chatting is available. In the current prototype,
once all preconditions are adequate (such as having steadied the bearing cart and having adequate tools in
hand and fitting for the tools in place), the engine lifting can take place. Once it is initiated, the UTAD team
chose to implement it in the following way: the simulator takes control of the arrow keys and changes their
function. During the lifting process, up and down arrow keys respond as if operating the direction of screw
driving machines or the turning of lifting wrenches (Fig. 2a).
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FIGURE 2 SIMULATOR ASPECTS: (A) ARROW IN VIRTUAL SPACE; (B) MECHANICS LIFTING THE ENGINE IN VIRTUAL SPACE

The three technicians need to press their respective keys in the correct direction at roughly the same time
(using voice chatting to synchronize their actions, as in the physical world) in order to lift or lower the engine.
"Roughly" is meant as as a 2-second interval. Currently, this is a precondition for lifting/lowering to occur,
but in the future the simulator behavior might be expanded to cover error conditions and accidents caused
by wrong operations. Fig. 2b shows the avatars of trainees during the lifting of the engine in the virtual space.
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In order to evaluate the simulator prototype, to plan its subsequent development, a 2-day stay at Air Base
Nr. 5 was conducted, for conducting tests with prospective users. An early version of the prototype had been
demonstrated earlier to the air base command, but no actual user tests had been carried out. With this 2day stay the team aimed to make the prototype available to technicians that are also trainers, in order to
identify their satisfaction as users, and their expectations regarding subsequent development - particularly
in areas such as technical details and pedagogical affordances, user interface choices, and interaction
methods. The team also wanted to ascertain whether the technological context at the air base (computer
hardware and network) supported the execution requirements of the prototype.
Since the air base is located 260 km away from UTAD, the test preparation was done remotely, via e-mail
exchanges. Two test sessions were planned, which included 3 trainers each, chosen on the basis of being
potential future users of the simulator in the context of training sessions. These trainers were the people in
charge of training new technicians as they are assigned to the air base, for operation on F-16 aircraft engines.
I.e., they were the air base most qualified technicians regarding the mechanical maintenance procedures for
F-16 engines. The 2 sessions were similar. Both took place in a side room of the main engine maintenance
hangar (Fig. 3). This room had 2 group tables with chairs, a projector and a white board. 4 computers were
used for tests, 3 for the users and 1 as an OpenSimulator server. The test preparation consisted in gathering
and assembling all necessary supporting materials (computers, networking, cameras and microphones for
test recording, software installation, and distribution of consent forms for data collection, questionnaires for
characterization of user profiles, and paper guide).

FIGURE 3 ROOM ARRANGEMENT DURING THE TEST

The first day of our stay was employed in the room preparation, and installation of the software on the
air base computers. The actual training sessions took place on day 2, each lasting about 1 hour 15 minutes.
The sessions consisted of a brief introduction with a project presentation, an explanation of the motive for
the team being present, and a presentation of the work plan for the session. All trainers read and signed
consent forms regarding data collection for this test, and filled in the characterization questionnaire. During
the simulation session proper, the whole dynamic was being projected onto a screen, from the perspective
of the computer whose user (a development team member) played the role of supervisor for the engine
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installation simulation. The session began with an activity for acquainting users with the platform, aimed at
the acquisition of basic skills for moving in the virtual world and interacting with objects.
This acquaintance activity had 4 steps. The group of avatars started by meeting in a location away from
the virtual hangar. At each step there was a virtual poster with a task for users to accomplish. The first was
to enter avatar flight mode and move near the aircraft parked outside the hangar (Fig. 4a). Then they had to
walk into the hangar, up to a table with objects on it (Fig. 4b). At this table they had to pick the objects, saving
them to their avatars inventories. Next, they were requested to carry the objects to another table, near the
first one (Fig. 5). Here they had to place the objects on this second table, i.e., taking them from the inventory.
Finally, the acquaintance activity was completed by asking them to return to the aircraft parking location,
and from there to the engine, to initiate the simulation of engine installation.
During the engine maintenance simulation, trainers were asked to employ the think aloud protocol
throughout the process, communicating their thoughts and feelings. After completing the simulation process,
a final group interview took place, recorded for later analysis. The interview was designed to measure users'
satisfaction towards the system, and collect suggestions and recommendations for improvement.

FIGURE 4 SETTING ACTIVITY: (A) FIRST STATION; (B) SECOND STATION
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FIGURE 5 SETTING ACTIVITY: THIRD AND FOURTH STATIONS

By analysis of questionnaires, all trainers taking part in this test were male, with an average age of 42.
They reported being regular computer users, using computers more than once per day. Their main uses of
computing technology were searching for information (100%), work completion (83%), and socialization
(83%). Regarding the use of virtual worlds, none of the trainers had used them before, nor were they aware
of them.
The air base assigned for this test: four laptops, a network switch, and network cables. The UTAD team
found out that this equipment was not entirely suitable: to run this prototype, they needed a network
gateway, a service that was not provided by the network switch. Therefore they proceeded with testing
employing a small router they had planned as an alternative. The laptops had adequate memory and
processing powers, but some limitations in terms of graphic cards, which were able to run the client software
(Second Life viewer) but not in the best conditions. One was replaced by a developer’s laptop so that the test
could continue. The computer being used as server also revealed itself with insufficient performance, and
this exposed some deficiencies in data consistency between the Web Service and the 3D environment.
From analysis of interviews, respondents (trainers) mentioned some aspects for improvement and
correction. For instance, avatar positioning was not always correct for all procedures. This is an important
component of training, since inadequate positioning may expose a technician to unnecessary danger or
inability to perform adequately.
Regarding the usefulness of the simulator, respondents found it useful, an asset in support of practice.
But they expressed the need to take into consideration not only the actual procedures, but also the prior
safety inspection checklist. For instance, “In terms of safety of the airplane stability, this is why I told you of
the amount of fuel that…” (a plane enough fuel weight will not remain stable on the hangar floor if the
engine is removed); “That part is always important (…) to safeguard his safety of the rest of the team’s work”;
“While typically the aircraft will have all these elements, sometimes (…) a seat may not be there (…) which
needs to be corrected…” (Respondent 2, March 2nd, 2012).
From a user perspective, respondents of both groups classified the level of knowledge and preparation
required to deploy the 3D virtual world as acceptable, although depending on actual computer and software
capabilities.
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Regarding the acquaintance activity with the virtual world, respondents felt it facilitated the contact, with
expression such as “Ah … Yes, yes”, “To know the steps…”, “It is an introduction” (Respondent 1, March 2nd,
2012). They found the time for the acquaintance activity to be “enough” and “appropriate” (Respondent 1,
id.).
Regarding the use of the actual simulator, the usefulness of having an introduction was reported, as was
the importance of a checklist with common errors and required tasks to accomplish in the simulator. Trainers
considered that support by training staff and colleagues will be important at an early phase, but will
eventually no longer be required. E.g., “the second time I think I got it…” (Respondent 1, id.).
As for the pedagogical content of the simulator, trainers considered that it did allow training of necessary
skills for installation of F-16 engines, but noted that it is necessary to increase the level of detail. E.g., with
statements such as literally “more details” or “Instead of placing things on the ground, to check materials,
you could watch them here…” (Respondent 1, ibid.). On the collaboration aspects of simulator use, they
considered that it achieved the desired goals, since it allowed the practice of these aspects.
Overall, they found that that the simulator could benefit the training of the installation of F-16 engines,
reporting aspects such as “the advantage of the person being able to correct mistakes” (Respondent 2, ibid.),
and “when new staff arrives, they learn, they do stuff, but until a team gets automated it takes time”
(Respondent 2, ibid.).
On the subject of virtual worlds, they considered them an alternative to the physical training of tasks, and
an appealing one, able to “create more enthusiasm” (Respondent 2, ibid.).
Regarding the graphical interface, trainers pointed out that some engine parts have to be more realistic,
to the point of being able to identify the part when seen “really close” (Respondent 2, ibid.). They did not
find it difficult to identify the objects, but correction are needed, since some aspects simply do not occur in
reality (e.g. “the engine cannot leave the front, that’s impossible” Respondents 2, ibid.).
They pointed out that interaction with the system is adequate and sufficient, yet that there is the need to
get used to the conditions that the system offers.
Finally, some suggestions were provided regarding technical training, including on the issue of safety
awareness, and details such as ensuring the use of a toolbox in certain circumstances, or identification of
occasional errors in the installation sequence of tasks. Interface cueing requests such as displaying an object
description or name upon it on mouse over, were also recorded.
The test confirmed that the selected technology was feasible for use by the trainers involved in technician
training at the air base. The nature of most omissions in terms of simulation aspects revealed that the
procedure analysis needs to be fine-tuned, taking into account tactical know-how and systemic aspects (such
as the security component of certain avatar positions or the importance of using specific accessories such as
the toolbox for better team coordination). Expanding the simulator to support mixed teams of humancontrolled avatars and artificial intelligence agents, to support training even if only some of the human
trainees are available, is another promising line of work, which other teams have pursued, and which we
have also started to explore.

4.5.

DISCUSSION SESSION & CONCLUSION
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From the research we have carried out on good practices in the European area, both with regard to
technologies that allow real-time information from the real world to be integrated into the digital content
(e.g. video, sounds, 3D images) processed by a computer, and those that simulate an interactive and
multidimensional environment, computer-generated, within which a person is immersed, it emerges that in
recent years both training methods and industrial processes, especially in the aeronautics and aerospace
sectors, are going through an era of revolution heavily based on digital innovation. A number of digital
technologies today enable organizations to obtain efficient and effective solutions relying on digital
knowledge and data.
Thanks to the growth of applications and the continuous evolution of both hardware and software
platforms, Augmented Reality and Virtual Reality are increasingly being applied in the areas of production
and maintenance as enabling technologies and integrated in industrial processes.
Regardless of the hardware you decide to use, whether it is a pair of smart glasses or an application on
tablets or smartphones, the opportunities these technologies are bringing to the market are becoming more
and more obvious. Two of the main features of these technologies are the simplicity of use and the direct
perception of the benefits that come with it. These aspects are actually the ones that are pushing many
companies to quickly approach this augmented and/or virtual world in terms of applications and
developments in areas also different from those so far known as industrial marketing.
Focusing on the aerospace and aeronautics industry, it emerges that the companies included in our
research have sought to introduce technological innovation in the following application areas:
• Logistics: Solutions are a support for picking activities, allowing you to reduce errors and increase the
productivity of operators. In this case, augmented reality is preferred as a solution (either by using smart
glasses or tablets, depending on the level of freedom of hand movement required by operators) since you
need to interact with the real environment.
• Assembly and Production: Technologies in this application area support operators during the
performance of a sequence of tasks through a step-by-step procedure. In this case Augmented Reality is the
optimal solution, allowing complete freedom of movement for the operator. Companies can increase work
efficiency but also accuracy, while reducing time, costs, and even sometimes the level of experience required
for the operators.
• Maintenance and Support: Smart glasses and applications for tablets and smartphones for
augmented reality can be a concrete support during maintenance operations: technicians can communicate
remotely with experts to receive guidance on the resolution of problems, or simply consult "augmented"
documentation while carrying out the activities. Among the main benefits are the reduction of errors and
training time and increased speed in the execution of tasks and communication.
• Training: For training and on-the-job training, you can use both solutions to learn how to do a certain
task. The main benefits are reduced training time and costs and higher product quality (less waste)
Finally, as a strong point of these technologies stands out the fact that there is a wide range of products
(hardware and software) with specific technical features available today for a company that decides to start
projects based on the application of Augmented and Virtual Reality. On the other hand, its main weakness is
a consequence of the peculiarities involved by each process, be it manufacturing and/or training, which is
"diverse" and requires the creation of a specific digital content. This is a factor that poses challenges and
obstacles in finding the right solution for your needs, such as justifying investments and quantifying the
benefits you can achieve, developing or purchasing simulation skills, identifying the right project partners.
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5. DISCUSSION AND SUMMARY OF FINDINGS
5.1.

DISCUSSION

The potential of immersive technologies within corporate training are considerable. Traditional
organization of corporate training has its shortcomings as they are cost inefficient, time-consuming and are
often linked to lower engagement rates amongst workers resulting in lowered quality training. As the
industry is moving towards increased digitalization, the demand for skilled workers increases, resulting in the
need for efficient and effective corporate training programs. In order to circumvent the negative aspects of
traditional corporate training, several companies have started to incorporate immersive learning as part of
their training regiments.
Use of VR within corporate training have linked to increased retention and engagement rates among
users. This is due to the real life-like experiential training the virtual environment provides and because there
are few distractions while in a virtual environment. VR also allows the user to repeatedly practice aspects of
work that are either challenging or involve high risk, resulting in better quality learning suited to the user
without any limitations of reality: risk, logistics or little and the right to failure in real time.
As provided in chapter two, some of the goals with immersive implementation in corporate training are
cost reduction, work-relevant skill transfer, increased efficiency on different parts of the value chain, safe
training environment and reduction in employee training time. The incorporation of virtual environments as
a way to assess workers is a potential usage that has yet to be fully adopted in different industries.
By examining case studies and applications of immersive technologies in different industries, this paper
has highlighted some of the ways corporations have incorporated a different approach to training its workers.
Companies are already experiencing the benefits of immersive learning, especially in high-risk sectors such
as energy, industry, manufacturing or construction. Different studies have also provided promising benefits
to adopting immersive learning as part of corporate training. Farmers insurance expects to save $300,000 on
travelling alone by adapting immersive courses, while studies from Google’s Daydream Labs show that
learning rate increases and error rate decreases among users who perform tasks after learning through VR
when compared to users who learn by traditional means. Within safety-training, Deutsche Bahn has made
simulations for emergency training without compromising safety, allowing workers to familiarize themselves
with smart, effective ways of handling emergencies. This reportedly makes it easier to bring future employees
closer to the company’s culture and expectations through a well-developed employee onboarding program
As seen from the case studies done in this report, the benefits from using virtual reality as part of training
have been documented and companies are already experiencing the positive results. However, although the
technology has matured, some companies are still skeptical about incorporating extended reality as the
technology is still expensive. Therefore, for now, the technology cannot be used by everyone for immersive
learning. However, as the marketshare of immersive technologies are predicted to substantially increase over
the next decade, and as more competitors involve themselves in XR technology development, the costs are
expected to reduce enough for XR to be the new norm within corporate training.
Within predicted market evolution, AR is predicted to have a majority of total XR marketshare due to its
industry applicability. By inspecting todays AR solutions, it is possible to see why such a prediction might be
accurate. As with training, high-risk sectors see the greatest benefits with AR solutions. This is because of
remote service capabilities and enhanced maintenance capabilities. With these implementations, every
person within a workplace has the ability to become a technician, since every step of troubleshooting is
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presented intuitively by the AR application. As provided in chapter 3, such solutions provided by Electrolux
as part of their Green Spirit program, where AR implementations provide maintenance workers the ability to
do remote maintenance.
The manufacturing industry has seen rapid adaptation of AR technology. In addition to implementations
similar to other high-risk environments, the ability to visualize using AR has proven to be useful. Intuitive
visualization is an aspect of production design used within different parts of the value chain. In early product
development, the ability to transform 3D models into virtual models is useful in order to provide an accurate
scope of the product/ design. During manufacturing of the product, AR solutions provide workers with the
ability to superimpose different parts of the virtual model onto the physical product in order to place parts
correctly. Rather than having to compare the physical product with different 2D models, the ability to
superimpose the design over the final product in order to quality check significantly reduces manufacturing
time. An example of this is the DAR System, an advanced visualization system of work orders on virtual clone.
The objective of the application is to improve the visualization of the maintenance and production operations
of the A400M aircraft. The project has provided positive results.
Promising trends of rapid adaptation of immersive technologies in industries are showing within
manufacturers of computer platforms for engineers and for the management of factory processes. The
world’s leading manufacturers are evolving their solutions towards integrated systems that natively support
the most innovative concepts of digitalization linked to Industry 4.0 and therefore precisely towards the
concept of virtual prototyping and digital twin. The 3D Experience platform, created by Dassault Systems,
integrates several key functionalities in order to have an advanced business platform with full immersive VR
capabilities. Such implementations will give industries more incentive to adopt new technologies since the
software provided will be robust, and therefore one could reliably predict that the usage of immersive
technologies within industries will rapidly increase over the coming years.
As discussed in this paper, the goals of implementing immersive technologies within workplaces are to
shorten project duration, efficiency improvements in decision-making tasks and staff assignment, cost
reduction, design review improvements, reduction of prototype iterations and safety enhancements.
Several trial studies focusing on the benefits of utilizing immersive learning methodologies in education
has been carried out in the later years. These studies has been directed at enhancing the learning process
within educational levels ranging from elementary school to university. Much like the corporate sector,
educational institutions would consider implementation of immersive learning technologies successful if the
outcome achieves increased efficiency and overall higher retention rates for the students. Such observations
has been confirmed through extensive studies. For application in the elementary school segment, Google has
proved with their Google Expedition Pioneer Program that the benefits of presenting subjects through their
VR solution resulted in significant higher retention rates compared to more conservative alternatives. At
Vocational school level Accenture showed through their study that both accuracy and efficiency could be
drastically improved (12 and 17 %) with the use of VR.
Likewise, studies done at University level at NTNU-IMTEL showed that procedural medical training in VR
and a virtual university hospital showed positive outcomes. The feedback was referred to as positive both in
terms of general user experience and expected learning outcomes. This is also backed up by the Accenture
study which reported that 40% fewer surgical mistakes was observed from students who had been trained
in VR compared to regular teaching methodologies(University School of Medicine in Atlanta).
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5.2.

SUMMARY

I-TRACE is an ERASMUS+ funded project between 7 European industrial and educational partners. As part
of their Intellectual Outputs (IO), this paper presents their findings on the best practices in immersive learning
(IO2) within relevant industries.
Demand for skilled workers is ever present, to accommodate this demand trainers and educators are
faced with identifying and implementing new technologies which can enhance the learning process. The last
decade has seen a huge upswing in technologies which offer different means of extending the reality (XR) of
the user. The implementation of such technologies through immersive learning initiatives has shown great
potential in enriching the competency of the students. This is achieved by empowering the teachers to
effectively simulate relevant environments which would otherwise be both difficult and costly to run in the
real-world. These simulations enable the students to familiarize themselves within environments closely
related to their future occupation, in turn this may result in a more effective transfer of knowledge and the
overall consequence is a higher level of competency.
To give a better idea of the best practices of immersive learning this paper presents and discusses
successful implementation of XR-applications within corporate training and at various levels of education.
Furthermore, these implementations are presented throughout the chapters which has been drawn up
by the I-TRACE participants. Especially cases where I-TRACE members have had direct involvement or
inhabits extended experience has been highlighted to thoroughly illustrate the different areas of interest
within their industries of expertise. The I-TRACE Project has its main focus on the aerospace and aeronautic
sector, but use cases from other industries are also presented to further widen the view of the application of
immersive learning teaching methodologies. Subsequently, the various cases are expertly presented and
elaborated to emphasize the benefits and challenges of implementing immersive learning.
Lastly the findings are categorized and the experiences are furthermore discussed to highlight what can
be considered best/good practice.
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6. ONLINE FREE RESOURCES FOR MORE INFORMATION
• https://www.youtube.com/watch?v=a824fnWE5S0
• https://www.accenture.com/_acnmedia/PDF-86/Accenture-Extended-Reality-ImmersiveTraining.pdf
• https://www.youtube.com/watch?v=DQMA5NNhN58
• https://www.youtube.com/watch?v=5AjxGqzqQ54
• https://www.youtube.com/watch?v=rqmXT56jzy4&feature=youtu.be
• https://www.youtube.com/watch?v=wxy6hCvHrlo&feature=youtu.be
• https://youtu.be/rEKEP3KtsPs
• https://www.youtube.com/watch?v=SJMpVhk0yhY
• https://www.youtube.com/watch?v=L9UPWPgVlDo
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7.

ANNEXES

ANNEX 1: COLLECTION DATA FORMAT FOR DIDACTIC EXPERIENCE
(INTELLECTUAL OUTPUT 2)
Basic Info
Name of the intervention in English and/or in
original language
Name of the Responsible Organisation of the
didactic application and references (site, website,
contact)
Description of the didactic application
(abstract): WHO, WHAT, WHERE, WHEN, HOW
(Please give a short description of the aim of the
intervention, the target group and the design/
method - sequence of activities, frequency,
intensity, duration, recruitment method, training
program, technologies implemented, technical
support or tools used for, background and profile of
trainers/teachers/mentors):
National/regional/local government I
Institution of education or VET
Who funds/funded (one or more answers)? *
Tick all that apply.

University
Non governmental organization Private sector company/organization Aircfaft
industry
Other (please specify in the description above) Not detectable or applicable
National
Regional

What is/was the level of implementation of the
didactic application (one or more answers)? *
Tick all that apply.

Local (municipality level)
Other
not detectable or applicable

What are the main aim and the main objectives
of the didactic application? *
Please give a description of the skills /
competencies / job duties the didactic application
develops and to which target group (students,
employees, job seekers etc) *
The basic message and/or slogan is (if
applicable) of the didactic application
Which fonts and methodology did you use to
find out the information? (please describe fonts) *

Direct knowledge
Internet
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Company
Bibliography
Other
If other

Development
Economic operators (aircraft or other sectors and connected industry)
Government (national, regional, local)
Which of these stakeholders were involved in
the development of this didactic application (one or
more answers)? *
Tick all that apply.

Funders
Researchers
Other
Not detectable or applicable

Implementation
Continuous (integrated in the training system) I
Single - How long did it last?
Implementation of your example of the
didactic application is/was (one or more answers):
*
Tick all that apply.

Less than one year
One year
From one to two years
More than two years
Not detectable or applicable
No
Yes EQF 3

Is there EQF applicable? *

Yes EQF 4

Mark only one oval.

Yes EQF 5
Yes EQF 6
Not detectable or applicable
Students
Employees

Target groups (it is possible to mark more than
one target group): *
Tick all that apply.

Unemployed adults
Other
not detectable or applicable
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Who
implements/implemented
the
intervention (an individual or a team or an
organization or a VET organization or University or
network of organisations) *
What supportive technologies and tools have
been used? Please list and describe deeply
References (with possible links), to the most
important articles or reports on the intervention,
credits
List and brief description other relevant
documents (implementation manuals, training
manuals
Upload
any
relevant
documents
(implementation manuals, training manuals,
posters, videos or other tools

Learning Implementation Immersive Reality

Focus on immersive learning application:
Learning Implementation Immersive Reality

Please, describe the application of the immersive learning as follows:

REFERRING TO ITEM 3 OF THE SCHEDULE, SECTION – BASIC INFO, PAG. 1
In relation to the training architecture; specify
the amount of immersive training (in hours) in
comparison with the total duration of the training
programme/course (in hours).
In relation to training modules: specify how
many hours have been realized through immersive
training in relation to the total duration of each
module).

Monitoring and evaluation (specify if the
training has been monitored, the learning
outcomes verified, by which kind of tools and by
whom,). Indicate N.A in case of no monitoring and
evaluation system.

Specify the rationale at the basis of the
immersive training application (in-company training
for updating of workers’ competences, introduction
of
new
technologies
for
improving
production/organizational performances; training
of University students, depending on the context of
application (see ITEM N. 1).
Specify the achieved benefits generated by the
immersive
training
application
for
trainees/students ( i.e.: improving of learning
outcomes, increasing of empowerment and active
participation of beneficiaries, reduction of time for
training /increasing of training efficiency, increasing
of quality of training, realization of market-oriented
trainings, increasing of direct involvement of
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companies
in
education
programmes
/reinforcement of the so-called business-education
partnerships, etc.).
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