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About this document
This document as all Milan project documents is developed and compiled based on the
results from the conducted research and discussions with focus groups and especially on the
base of teaching and e-learning platforms implementation experience with target groups in
Poland, Slovakia, Estonia and Greece. The methodology as well as all other intellectual
outputs included in the Milan training content is meant to reflect and address the training
needs of the project target groups in the field of automation and robotics and related
advanced technologies using combination of traditional and VR/AR techniques. The aim is to
equip target groups with the necessary e-learning materials and todays VR/AR tools to
acquire the most effective way skills and knowledge to implement and use innovative
automation and robotic-based technologies int everyday work life.
The main aim of the Milan Methodology is to provide a detailed didactic methodology by
active participation of all partners. This document presents the Milan methodology
elaborated for the training courses in Automation and Robotics applicable for employees in
SMEs and training institutions as well as university students and trainers. This product is a
core product for the project and is providing principles for the courses content build-up and
presenting them on the e-learning platform for the best content understanding. The
Methodology combines new blended learning approaches including classical e-learning and
implementing VR/AR applications.
E-learning has been massively adopted in the education sector, especially in higher
education. It offers students a wide variety of learning resources in different formats (e.g.
text, images, audio, videos, animations) through the Internet. This system enhances selfpaced learning and eliminates geographical constraints. The increase in research during the
last years, has given a better understanding of the critical factors for success in e-learning.
However, there is still a lot of room to investigate the quality factors that determine the
success of e-learning and its combination with different emerging technologies [1].
Emerging applications, such as Virtual Reality (VR) and Augmented Reality (AR), have the
potential to revolutionize the way students explore, interact and learn about new topics [2]–
[4]. AR learning environments allow users to view digital data displayed on top of the
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physical world through technological devices [2], [5]. Virtual reality can provide simulated
environments while augmented reality enables users to interact with both virtual objects
and elements of the physical world [5]. Smartphones and tablets can work as platforms for
AR and VR applications, thus being a familiar device that can introduce the new technology
approaches to students [2]. In addition, VR and AR learning environments provided by
smartphone-based mobile applications have been previously praised for their tremendous
potential in education [6]. VR with head mounted displays (HMDs) has been proven more
effective for immersive user experiences [2].
When comparing VR and AR for learning purposes, the sense of immediacy was reported as
higher for the students utilizing AR [5]. However, VR has been described as more engaging
through the psychological mechanism of spatial presence and more effective to emphasize
content that is visually communicated [6]. In [2], results show that VR applications can be
effectively integrated for learning purposes. AR applications have also been previously
reported as an effective tool to attract students’ attention and enhance their concentration
towards practical tasks [3]. Furthermore, usage of VR and AR technology has helped
students to significantly better understand diverse concepts in science fields, as reported in
previous studies [4], [6]. Nevertheless, several studies have proven virtual reality to be a very
effective tool in the fields of robotics, automation, manufacturing and industrial safety
practices [7], [8], [9], which is why this technology was prioritized in this thesis over AR.
Despite the potential of both technologies, nowadays most students and teachers are still
unfamiliar with the use of VR and AR since these applications still represent a rare and
relatively new tool in education [2]. Although VR and AR have been recently described as
powerful tools to improve the students’ knowledge construction and learning experience
[2]– [6], a deeper understanding of the impact of this technology in learning is required [2].
VR and AR usage in education is still in a very early stage and continues to represent a very
underexplored topic which needs more research studying its use in different educational
fields [2], [6], [10].
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1

DEFINITION AND ANALYSIS OF THE METHODOLOGY APPROACHES

1.1

Breakdown of the Problem

The most influencing factors for the problem:
•

The world is changing, and new concepts are introduced: Industry 4.0 is a movement
that has great impact on the world of industrial automation

•

We are prosumers (Producer + Consumer) these roles are integrated)

There are numerous methods of e-learning and learning behaviours may be thought of as
“the goals of learning process”
An e-training course may aim at developing different types of skills. These called also as
domains or categories of learning.
There are three different skills in learning:
1. Cognitive skills, mental skills which can involve knowledge and comprehension (e.g.
understanding of new information, new scientific concepts), following instructions
(procedural skills), as well as applying known methods in new situations to solve problems
(thinking or mental skills).
2. Interpersonal skills, growth in feelings and emotional areas (e.g. skills involved in active
listening, presenting, negotiating, empathy, attitude of mind, be interested etc.)
3. Psychomotoric skills involving the acquisition of physical perceptions and movements (e.g.
making specific real physical product).
Development of these skills requires practice and is measured in terms of speed, precision,
distance, procedures, or techniques in execution. Thus, psychomotor skills range from
manual tasks, such as washing a machine, to more complex tasks, such as operating a
complex piece of mechatronic machinery
The most widely used blended learning organization provides a significant learning
opportunity as it combines the immediacy of communication among the instructor and the
learners and the irreplaceable practical training in laboratories and the convenience,
flexibility and self-regulation of education without the time and space constraints.
E-learning is the instruction delivered through electronic technologies that supports
learning. It usually utilizes media such as images, audio, video recordings and other eresources to deliver knowledge [11]. In many cases, e-learning refers to a course, program or
degree that can be fully completed online.
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E-learning has been massively adopted in the education sector, especially in higher
education. It offers students a wide variety of learning resources in different formats (e.g.
text, images, audio, videos, animations) through the Internet. This system enhances selfpaced learning and eliminates geographical constraints. The increase in research during the
last years, has given a better understanding of the critical factors for success in e-learning.
However, there is still a lot of room to investigate the quality factors that determine the
success of e-learning and its combination with different emerging technologies [1].
Emerging applications, such as Virtual Reality (VR) and Augmented Reality (AR), have the
potential to revolutionize the way students explore, interact and learn about new topics [2]–
[4]. AR learning environments allow users to view digital data displayed on top of the
physical world through technological devices [2], [5]. Virtual reality can provide simulated
learning environments, but users are unable to interact with elements of the physical world
[5]. Smartphones and tablets can work as platforms for AR and VR application, thus being a
familiar device that can introduce the new technology approaches to students [2]. In
addition, VR and AR learning environments provided by smartphone-based mobile
applications have been previously praised for their tremendous potential in education [6].
However, VR with head mounted displays (HMDs) has been proven more effective for
immersive user experiences [2].
When comparing VR and AR in education, it was reported that the sense of immediacy was
higher for the students utilizing AR [5]. However, VR has also been described as more
engaging through the psychological mechanism of spatial presence and more effective to
emphasize content that is visually communicated [6]. In [2], results show that VR
applications can be effectively integrated for learning purposes. AR applications have been
previously reported as an effective tool to attract students’ attention and enhance their
concentration towards practical tasks [3]. Furthermore, usage of AR technology has helped
students to significantly better understand complex abstract concepts in science fields, as
reported in previous studies [4]. Nevertheless, it has also been indicated that it is not clear
that VR would maintain attention and motivation in students through repeated use [2].
Despite the potential of this technology, nowadays most students and teachers are still
unfamiliar with the use of VR and AR since these applications still represent a rare and
relatively new tool in education [2]. Although VR and AR have been recently described as
effective tools to improve the students’ knowledge construction and learning experience
[2]–[6], a deeper understanding of the impact of this technology in learning is needed. VR
and AR usage in education is still in a very early stage and continues to represent a very
underexplored topic which needs more research studying its use in different educational
fields [2], [6], [10].
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The recent OECD document “Scenarios for the Future of Schooling” [11] points out four
future educational scenarios given on Fig 1.

Figure.1. Four OECD Scenarios for the Future of Schooling [11].
The first principles thinking methodology will be followed. The application of first principles
and systematic thinking constitute the foundation to achieve design engineering expertise
[12].
First Principles thinking allows designers and engineers to identify their assumptions over a
given problem. Once all the assumptions are enumerated, each of them must be questioned.
Fundamental yet powerful questions must be asked. Answering these questions helps to
breakdown the problem into its fundamental principles (the most fundamental truths). Once
these principles are found, it is possible to create new solutions built from the fundamental
truths. The methodology enables engineers to solve specific problems from scratch [12].
The question being addressed in this thesis can be summarized as follows:
How can VR/AR applications help students to better adopt the materials in
Automation/Robotics and other e-learning courses?
Therefore, the critical elements of the problem statement can be defined as follows:

Fig.2. Critical elements of the problem statement
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Based on the problem statement and its most important identified elements we can make
the following assumptions shown on Fig.3.

Fig.3. E-learning critical elements related problems

1.2

Most Important Issues related to Learning Methodology

The MILAN project is an initiative directly addressed to the Erasmus+ call 2018 Horizontal
priority “Open and innovative practices in a digital era”. Project activities are oriented to
elaboration high-quality, open and innovative training materials and tools in the field of
Robotics and Automation with the support of Virtual Reality and Augmented Reality [13].
The need to develop an innovative training e-course in the field of Automation and Robotics
combining VR and AR to support the adoption of the course materials must be solved.
Perspectives given by [14] involve the desire to learn in order to obtain an outcome out of
learning. For instance, learning can satisfy the desire to understand the world in which
individuals live. Other individuals may be driven by the desire to obtain an income (by
trading certain skills they have previously learned). Others may desire to learn about a topic
because they have passion for it. In all these cases, learning is driven by a specific goal that is
triggered by a certain desire. In addition, in [15], it is stated that a goal-directed practical
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approach blended with targeted feedback increases the learning experience and quality for
students.
From [16], another perspective can be extracted. In this study, views from different students
of secondary school are given. Many of the testimonials shown in the paper describe
learning as something imposed. The learning system was described as an “oppressive,
suffocating system” and students reported to “feel forced to learn things against their wish”.
In this case, learning is described because of individuals being forced to learn something.
In the following Table 1.1, the different reasons that lead to learning are shown in three
different categories. The methodology should focus on goal-driven learning, since students
will be free to choose to study the materials of the MILAN project e-course or not. In the
case of the MILAN project, learners may have different desires that define their goal or
goals, and these will ultimately lead them to learn about Robotics and Automation in order
to accomplish them.
Table 1 Learning approaches

One way individuals learn is by trial and error. This approach is more centered in research
and discovery. Once a correct solution has been found by trial and error, strengthening the
knowledge on it can be achieved with practice (repetition over time) [14], [17]. A person
could try to learn first the theoretical part of a certain task and then put it into practice.
However, it is important to note that in this case, both theoretical and practical parts will
need repetition. An individual who applies several repetitions to learn the theoretical part of
a problem will likely strengthen the knowledge more than an individual who has applied less
repetitions (and has not put it into practice yet). The choice to spend more time learning
theoretically or practically is a matter of preference. And in this case, regarding preferences,
it is important to distinct between different learning styles [14].
While it is evident that individuals differ in how they prefer to learn, the educational
implications of such preferences have been a source of controversy among researchers and
educators [18] as cited in [19]. Learning styles assessment in instruction is proposed by
authors who believe that learning styles can be identified and utilized to enhance the
learning experience of students [20].
Kolb’s learning inventories [21], [22], are the most widely utilized learning styles in research
[23]. Kolb identifies a four-stage cycle for learning. He describes that the learner starts with
the first stage (Concrete experience), where the learner does something. Then, the second
stage takes place (Observations and reflections), where the learner thinks or reflects upon
what he or she has done. In the third stage (Formation of abstract concepts and
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generalizations), the learner speculates about diverse actions, and in the fourth stage
(Testing implications of concepts in new situations), the learner experiments and tries
something new. However, Kolb admits that something as complex as an individual learning
style is a combination of at least two of the four learning stages. Therefore, he classifies
learners into four categories: divergers who prefer feeling and observing (concrete,
reflective), assimilators who prefer thinking, conceptualizing and watching (abstract,
reflective), convergers who prefer conceptualizing, doing and experimenting (abstract,
active), and accommodators who prefer feeling and experimenting (concrete, active) [14],
[21], [22].
Although Kolb’s classification is mostly used in research, the VAK/VARK learning styles
classification is the most common used in practice [23]. The VAK classification groups
learners into visual/auditory/kinesthetic while the VARK classification categorizes learners
into visual/auditory/read–write/kinesthetic. This categorization is generally associated with
Fleming [23]. Information about the VARK model [23]– [26] is shown in Table 2.
Table 2 VARK learning principles
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Many authors report that these are general categorizations and learners can belong to
different groups and their categories may also change over time [14], [21], [22], [27]–[30]. In
addition, adequate learning not only depends on students’ learning style, but also on the
teaching materials utilized. Therefore, a big emphasis should be put in the production of
teaching materials considering the students’ learning styles [25].
In [27], it was found that 61% of students had multimodal learning style preferences and
that only 39% students had unimodal preferences. Amongst the students who preferred
multimodal learning styles, bimodal was the most favoured with 41%, followed by trimodal
with 14% and quadmodal with 6%, respectively. In [28], 52% of students were grouped as
having preferences for multimodal learning styles, with half of these students (about 26%)
categorized as having quadmodal preferences. According to [29], it was found that 70.3% of
individuals had multimodal style preferences with 35.8% of learners sharing all four learning
style preferences while individuals with a single learning style preference represented only
29.7%. In addition, in [30] learners with a multimodal set of preferences represented 63.7%
and those with unimodal preferences represented 36.3%.
Another study found that students from Mechatronics Engineering mostly preferred
multimodal learning style (29.2%), followed by unimodal learning styles: Auditory (20.8%),
Kinesthetic (16.7%), Reading/Writing (16.7%) and Visual (16.7%), showing that learning style
preferences are very close to each other within Mechatronics students [31].
According to [30], in the 2017 June to December database (n=170653), of the total options
chosen, 28.6% were for Kinesthetic, 25.8% were for Auditory, 23.7% were for Read/write
and 22.0% were for Visual. However, looking only to those in the field of Engineering, the
results vary slightly: 29.4% for Kinesthetic, 24.6% for Auditory, 24.0% for Visual and 22.0%
for Read/Write. Also, in this study it is reported that when reducing the comparison to the
four modes only, 37.5% of those respondents had Kinesthetic as some part of their profile:
Kinesthetic appeared a single preference or as part of their bimodal or trimodal preferences
(AK, RK, VK, VAK, ARK or VRK). This shows that learners have a clear tendency towards the
Kinesthetic approach (hands on work, real experience, practice and experimentation).
Many studies suggest that effective learning is caused by teaching methods that include a
blend of activities for visual, auditory, read-write and kinesthetic modalities [20], [27], [30],
[31]. However, certain authors warn that there is no clear evidence that learning styles help
to improve the overall learning experience of students [18], [23]. Nevertheless, as pointed by
Cuevas in [23], the learning style hypothesis cannot be considered as debunked, addressing
the need for more experimental research in order to find certainty.
Motivation has been reported by several authors as a key factor to maintain and enhance in
the students’ learning process. Motivation in students is critical in leading the direction,
constancy and intensity of learning [15], [17], [25]. Motivation is also linked to the social,
emotional and intellectual side of students. The climate of the course must be designed for a
positive social, emotional and intellectual experience in students. While a negative climate
can obstruct learning, a positive climate boosts performance and learning [15]. In addition,
motivation is linked with rewards. When individuals perceive that positive rewards are
associated with the adoption of knowledge, they are more stimulated to continue learning,
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and the overall experience is enhanced. Thus, the utilization of rewards as a method to
increase the learners’ motivation is critical [32].
Memory is considered another critical factor that influences learning and it is clearly linked
to the concepts of practice and repetition [33]. Memory is the faculty of the brain to store
information and retrieve it when it is necessary. The three stages in memory are classified in
immediate, short-term and long-term memory [14].
Immediate memory can gather and keep data during seconds, such as streets passed in a car
while driving around in a city. Short-term memory retains information long enough to utilize
it for a certain purpose, such as reading a phone number and remembering it long enough to
perform a call. Short-term memory duration is limited, and only small amounts of data can
be retained. In addition, it can be easily disturbed by distractions or other stimuli. When
information stored in short-term memory is repeated over time, it becomes part of the longterm memory [14]. Without practice and repetition, information is forgotten [33]. Forgetting
appears due to the limited capacity of short-term memory to store data, erasing the
retained information and replacing it with new one. Long-term memory stores and retains
data for long periods of time, that go from months to an entire lifetime. Improving memory
through association has been proven effective: for instance, memories can be associated
with songs, sights, tastes or smells from personal experiences. What is stored in the longterm memory may be available for extended periods of time, but not necessarily accessible.
For example, meeting someone but not remembering his or her name. It is noteworthy that
memory combined with association helps to reduce the effects of this phenomena and helps
to improve the access to long-term memory [14].
In order to increase the efficiency of learning and help students learn and store the
information in the long-term memory, practice and repetition must take place [34].
Ebbinghaus’ curve shows the relationship between memory and time [35]. Figure 4
(obtained from [34]) represents Ebbinghaus’ curve.

Figure 4. Ebbinghaus’ forgetting curve and the effects of reviewing with spaced repetition
[34]
Spaced repetition shown in Figure 2.1 minimizes the forgetting effects and helps individuals
remember for longer periods of time. There have been many proposed spaced repetition
algorithms [33]. In [34] it is suggested to review what has been learned four or five times.
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Multifunctional Innovative Learning Assisting Network for VET
in Advanced Manufacturing
Project No. 2018-1-PL01-KA202-050812

right after a lesson, in the evening, one week later, and one month later. According to [36],
the optimal gap between the first and second reviewing sessions increases depending on
how far away the examination is. So, for example, if the exam is one week away, the first
study gap (period of time between first and second sessions) should be one or two days; if
the exam is one month away, the first study gap should be one week; if it is three months
away, it should be two weeks; if it is six months away, it should be three weeks; and if it is
one year away, it should be one month. It is important to note that these gaps are
approximations since there is no clear consensus on what algorithm performs better.

2
2.1

E-LEARNING CONTEND DESIGN AND ENVIRONMENTS
Main principles of E-learning use

Task analysis should be used for courses designed to build specific work (job) related or
interpersonal skills. If the course designer does not include accurate and relevant content,
then there is little value in finding the best instructional methods and media to transfer the
information to learners and the following steps should be followed
Step1 Identify and describe tasks and for each task the corresponding lessons
Step2 Classifying tasks
procedural, (executing a step or ordered sequence of steps (a process))
principle-based (i.e. tasks requiring judgments and decisions to be creatively applied
in different situations and under conditions that change every time, such as
“Organizing a product component manufacturing”)
Step3 Break each (process) tasks logically into one or several Works
Use during the analysis an operational architecture (agreed taxonomy)
Future if needed break each work to smaller steps or activities (for procedural works)
or guidelines that should be applied to perform the work (for principle-based works)
Step 4 Identify the knowledge and skills needed to best perform those steps or apply those
guidelines.
Contracting out design work to external companies is one potential solution, but it can be
expensive and does nothing to address the lack of in-house expertise.
Therefore, the blended model methodology is considered the most effective for the Milan
project courses.
Blended learning combines different training media (e.g. technologies, activities and events)
to create an optimum training programme for a specific audience.
The term “blended” means that traditional instructor‑led training is being supplemented
with electronic formats. Two main models of blended learning could be used:
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1. Programme flow model: Learning activities are organized in a linear, sequential
order and learners have deadlines to accomplish the various assignments
2. Core-and-spoke model: A major e-learning course or face to face (F2F) is provided.
A set of supplemental materials are available to reinforce the main course
To implement the methodology the learning should follow the just-in-time scheme, which is
very useful for people working in SMEs. They usually provide immediate answers to specific
questions about user interface of the technology and usable manufacturing methods, thus
helping users accomplish job task. Technical glossaries provide context info.
Mobile phones with downloaded apps and special checklists are a few examples of simple
job aids
At the present time, learners must have diverse problem-solving, decision-making skills and
creativity. In order to accomplish these goals, education has undergone a big transformation
towards e-learning, allowing information to be sought when and where needed [37]. So,
essentially, with e-learning, users can adopt new information and gain knowledge by having
access to didactic resources and activities held by the instructors online, eliminating time
and location constraints [38].
According to [17], the effectiveness of e-learning has dramatically increased in the previous
years. In this study, is was found that resources provided, support to learners, students’
motivation, previous experience and interaction between the e-learning environment and
the users, all are critical for effectiveness. In order to design an optimized and effective elearning environment, the following features must be taken into consideration [11], [39]:
•

It stores and provides the materials in electronic form available when and where
needed.

•

The materials and content are directly relevant to the learning objectives.

•

The goal or goals to be accomplished in the e-course and the progress made to
complete them are always clear to learners.

•

Media content is utilized, such as pictures, animations, video lectures, 3D models,
simulations, e-textbooks, etc.

•

Methods of instruction such as examples and systematic tasks to put the knowledge
into practice are used.

•

Feedback is continuously given to students.

•

Forums or other spaces open to discussions are available.

•

The designed e-learning prioritizes the needs of the individual learners (users) rather
than prioritizing the instructor’s or educational institution’s needs.

A total of 56% of previous studies that were analysed in [17] defined effectiveness as
‘learning outcome’ and applied this definition, and 38% of the them utilized the definition of
‘transfer (application to practice)’ and applied it. ‘Learning outcome’ refers to measuring the
- 15 -
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individuals’ learning through assessment methods, such as using a pre-test, final
examination (post-test) and a final grade. In ‘transfer (application to practice)’, the ability to
apply the content provided in the e-learning platform is essential, sometimes assessing
effectiveness with the learners’ self-assessments (satisfaction, individuals’ effort, reported
changes in practice, etc). The first approach shows the importance of measuring the
students’ performance through time in order to control (and redirect if necessary) their
progress. The second approach stresses the importance of putting what is learned into
practice to enhance the learning experience.
Previous experience of participants can increase of decrease effectiveness, which was
emphasized in [15], [17]. The effect of gender disappears in Web-based courses. If previous
knowledge is not built upon strong foundations, it can hinder the individuals’ learning
progress [40]. Previous works have found e-learning effective in delivering knowledge [11],
[17], [37], [38], [39], [41], [43]. From all the studies analysed in [22], only 10% of them found
e-learning not to be effective, so the answer to the question addressed is affirmative: elearning effectively helps students to gain knowledge. In item 2.3.3, e-learning is compared
with other types of learning in order to reveal its upsides and downsides.
2.2

Pros and cons of e-learning environments and learning approaches

E-learning has gained popularity in recent years; however, it is important to also consider
what are the strengths and weaknesses of it and other learning approaches. Traditional
learning involves in-classroom delivery of knowledge, having both geographical and time
constraints. Many studies have reported that e-learning has provided better results than
traditional learning [43]– [45]. Nevertheless, other studies do not agree with these findings.
For instance, in [46], no significant difference was found in the final exam scores of the
individuals in online and traditional learning. Also, other researchers have stressed the
importance of social aspects as well as interaction with the instructor in learning. As
reported in [17], learning and active participation in online discussions was enhanced by
social interaction with instructors as well as with collaboration with peer students. In
addition, the success rate was found higher among students in e-courses that were led by an
instructor than e-courses with independent-study styles. The opportunities that online
learning gives individuals to cheat were described as much higher in online learning than
traditional learning in [46]. In the same study, the advantages and opportunities of these
students to cheat were minimized by adding an in-campus supervised environment to take
the exams for online students. This approach to combine elements of e-learning and
traditional learning is the essence of ‘blended learning’. The idea of blended learning is
attractive since it maintains elements of traditional learning which are effective, and it
includes many advantages of e-learning [47]. Different studies [37], [38], [43]– [49] were
utilized to assess and complete Table 2.1. It compares the three learning approaches and
manifests their advantages and disadvantages. The different approaches are evaluated by
the mechatronics students at TalTech from past three years using questionnaires with a
score from 1 to 5 (1 corresponds to ‘very low correlation’; 2 corresponds to ‘low correlation’;
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3 corresponds to ‘normal or medium correlation’; 4 corresponds to ‘high correlation’; 5
corresponds to ‘very high correlation’) .
Table 3 Advantages and disadvantages of different learning approaches

As shown in Table 3, the best result is obtained with blended learning with 51 points out of a
maximum of 65, followed by e-learning with 47 points and lastly 44 points for traditional inclassroom learning. This result is meaningful since it shows how the synergy of e-learning
and traditional learning can give students the best learning experience. Moreover, this idea
matches with the conclusions of previous studies that utilize and suggest diverse approaches
for effective blended learning [47], [50], [51].
Nevertheless, in a fully taught e-learning system, some of the benefits of other approaches
can be adopted by thinking of new ideas to design the platform. Table 3 enables the
designer to identify the features that must be improved for each approach and brainstorm
new ideas to enhance the overall learning quality.
- 17 -

Multifunctional Innovative Learning Assisting Network for VET
in Advanced Manufacturing
Project No. 2018-1-PL01-KA202-050812

2.3

Main features of currently successful e-learning platforms

Several large international online e-learning platforms have been analysed (Udemy [52],
Pluralsight [53], Udacity [54], edX [55]). The main features of each of them are highlighted in
Table 4. These features can be utilized to later generate a more appealing e-learning
environment design [56].
Table 4. Online e-learning platforms and their main features
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The project team has good experience from the MechMate Erasmus project [57] in using
Coursevo e-Learning platform and due to the cost and efficiency issues as well as based on
the team members
The project team is Such a platform is Coursevo, the MechMate project e-learning platform,
a multilingual multimedia information system for managing courses, supporting learning
processes and learning communities through the Web. Coursevo, developed by the
Laboratory of Distributed Multimedia Information Systems and Applications of the Technical
University of Crete (TUC/MUSIC), implements modern pedagogical approaches and supports
blended learning.
2.4

Coursevo services and course management

Coursevo offers a set of services [57] for:
 Organization and management of digital educational content: Lectures’
presentations and recordings, notes, exercises, technical lab material, literature,
FAQs etc.
 Course attendance: Announcements, email messages, course calendar, personal
rating, automatic track of exercises and deadlines, content update messages, course
syllabus, learning path, assessment tests, and generation of course certificates.
 Learning communities’ communication and collaboration: Course and group mailing
lists, live chat rooms, forums, polls, personal messaging, instant messaging,
annotation tools, file sharing, video conferencing and collaboration.
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 Educational activities: Courses registration, lab teams’ formation, exercise uploads
and deadline management, assessment tests, multimedia presentations, resource
scheduling and reservations.
 Course monitoring: Course usage statistics and class performance indicators.
 Interoperability with other educational platforms via SCORM packages.
Each course can be configured to follow specific registration and content access policies. The
educators can activate the proper subset of course services depending on the course needs.
They can use services and tools that allow for easy content creation and web publishing.
They can use common office applications for document creation. These documents can be
processed by Coursevo for indexing purposes and then published in a web friendly
presentation format.
Besides office documents, educators can upload images, videos and SCORM Sharable
Content Objects (SCOs) or quickly and simply re-use existing content in the web that is
accessible in popular web platforms like YouTube, SlideShare and Wikipedia. All the above
course content can be combined with other Coursevo services like video-lectures, forums,
assessments etc. and organized in different learning paths in order to meet diverse
educational needs.
2.5

Coursevo features for multimedia use

Coursevo provides an integrated educational environment for synchronous and
asynchronous learning that offers significant advantages in comparison with other eLearning
systems: It gives emphasis in the use of multimedia as a powerful learning means [57].
Indeed, learning activities using multiple media can be more effective than doing it through
a single medium (such as text), but what is important is combining media effectively.
Effective multimedia for learning requires carefully combining media in well-reasoned ways
that take advantage of each medium’s unique characteristics. The most effective multimedia
provides learning experiences that mirror real-world experiences and let learners apply the
content in various contexts.
In particular, the features offered by Coursevo regarding the efficient educational use of
multimedia are the following [57]:
 Effective support of multimedia and video/audio data streams management.
 Mechanisms for the synchronization of multimedia presentations.
 Support of synchronous and asynchronous learning activities.
 Support of live synchronized multimedia transmission through the system, and
access to the recorded multimedia content.
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 Support of learners’ intervention in live sessions.
 Multimedia educational content creation in two ways:
o Through the Web-based interface without the need for specialized software
installations.
o Through an autonomous desktop application (Coursevo Studio) for the offline
creation of high-quality video presentations with automatic slide
synchronization (Fig. 9) that can be easily exported and published later. The
Coursevo Studio supports also the generation of demonstrations and
presentations of software by capturing the screen, recording the speaker and
the presentation of slides.
 Communication tools to support educational communities:
o Live video chat between online users.
o Video Conferencing Services with collaboration
BigBlueButton (http://bigbluebutton.org/).

tools

employing

o Asynchronous multimedia communication messages.
 Advanced multimedia collaborative annotation tools on educational materials using
multimedia.

3

CONSIDERING THE TARGET AUDIENCE OF THE COURSE

3.1

Factors make students succeed in fully completing a course

The project target groups are:
•

People employed at SMEs: workers operating advanced machines (robots, automats,
assembling cells/machines) as well as middle-level technical staff.

•

Teachers/trainers/consultants in the field of Robotics and Automation.

•

Students of vocational schools and universities and self-learners.

According to [58], there are several factors that influence academic achievement of
students. The most highlighted individual attributes were ‘sense of accomplishment’
(learners notice the progress at each moment in time and perceive new gained skills),
‘mastery of skills’ (learners feel very confident and capable to put the new knowledge into
practice), ‘perceived utility of learning’ (learners understand how that knowledge can be
useful to them) and ‘meeting career goals’ (individuals clearly see how the learned
information will help them meet their specific goals).
In [32], the final factor influencing student persistence was dependent on the number of
hours of virtual system usage. Also, according to [59], regular study was the strongest
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predictor of academic achievement. Other factors previously reported include ease of use
and usability of the system, feeling of connection with the institution delivering the content
and collaboration with peer students [32]. Late submissions and not reading the course
information packets also predicted individuals’ poor performance [59]. Student Success
Courses (SSC) provide learners with information about the institution they attend,
techniques to develop effective study skills and habits as well as academic and career
planning aid. Results in [60] showed that SSC enhances student engagement, persistence,
retention and academic achievement, especially when instructed at the beginning of a
program. This reinforces the ideas presented in [32], [58], [59], which encourage instructors
to clearly show students where they currently are, what their goals are (where they are
going) and how the adopted knowledge will help them meet their goals.
It is possible to observe how regular study can enhance students’ academic success. In order
to achieve that, learners must acquire the habit to study. Building study habits, especially in
case of utilizing VR/AR tools that are used to deploy as gaming environments is a challenging
task to implement the methodology.
3.2

Building effective study habits in students

Previous studies have shown the importance of individuals’ motivation in academic success
[15], [17], [25], [26], [44]. In order to create study habits, the learners’ must be motivated to
learn. However, maintaining motivation through time is not an easy task. Therefore, the
Hook Model [61] can be utilized to help students create regular study habits. It is a fourphase process that forms habits in users. Figure 6 (obtained from [61]) shows the four
phases of the Hook Model.
Before explaining the phases of the model, it is important to understand habits.
Neuroscientists have reported that habits enable individuals to store responses
automatically in the basal ganglia (area of the brain linked with involuntary actions), while
focusing their attention on other things [62]. Habits are created when there is no active
deliberation by the brain and a behaviour is codified to give a solution to a certain problem
[61]. A habit like nail biting is an immediate automatic response triggered by an unpleasant
feeling or stress. In order to develop a habit-forming product, two variables must be
considered: frequency and perceived utility. The more frequency and perceived utility, the
stronger the habit. Frequency refers to the amount of times the behaviour occurs, which
again matches with the findings of [32], [59] as well as with the concepts of practice and
repetition described in item 2.2.3. Perceived utility refers to how useful and rewarding the
behaviour is in the users’ mind. Figure 5 (obtained from [61]) shows the Habit Zone
considering frequency and perceived utility.
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Figure 5. Habit Zone [61]
If individuals perceive that their need (learning in this case) is not being solved, they will not
continue learning with the program, course or platform. Both frequency and perceived
utility must feed each other. The focus should be put into the value given to the learners, so
that they continuously perceive the utility and progress towards their goals [58], [61].
In order to engage learners with their studies, the Hook Model shown in Figure 5 (obtained
from [61]) provides a clear path. The first phase is the trigger. It is the actuator that starts
behaviour. Triggers are internal and external. Products that create habits in users begin
showing external triggers such as an e-mail, the app icon on a smartphone, a website link or
a notification. Yet external triggers are only the first part. The idea is that, after several
cycles, users do not need further instigation caused by external triggers. That is the point
where individuals are prompted by internal triggers. When a product or service is associated
with a thought, an emotion, or a previously developed routine, an internal trigger manifests.
The most effective powerful internal triggers are negative emotions, such as frustration,
loneliness or confusion, which produce an almost instantaneous action to mitigate the
negative emotion. However, positive emotions are also internal triggers. The idea is that the
product given to the users must eliminate the pain of users (the negative emotion) so that
every time they feel it, they think about using that product. Finally, gradually these repeated
actions become habits linked with internal triggers [61].

Figure 6. The Hook Model [61]
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The second phase of the model is Action. As explained in [63], for any action to take place, a
trigger must be present while the user has the ability and motivation perform it. In [64],
motivation is defined as "the energy for action". The right motivators create action by
promising an outcome that the user desire [61]. Ability refers to how easy it is to perform
the action. Ease of use is a key factor. The easier, the better [32].
According to [63], simplicity is critical and it is defined by six elements: time (how long it
takes to perform the action), money (how much it costs), physical effort (physical activity
required to take the action), brain cycles (the mental effort needed to complete the action),
social acceptance (level of acceptance of the action by others) and non-routine (degree of
disruption of the action with current routines). It is also noteworthy that every behaviour is
driven by one of the three core motivators: searching for pleasure and escaping from pain,
searching for hope and escaping from fear and searching for social acceptance and escaping
from social judgement and rejection [61].
Variable reward is the third phase of the Hooked Model. When individuals know that there is
going to be a reward after completing an action, motivation is dramatically enhanced [32],
[64]. In [61], rewards are classified in three categories: rewards of the tribe (seeking for
social rewards powered by connectedness with other individuals), rewards of the hunt
(seeking for resources and information) and rewards of the self (seeking for rewards of
competence, completion and mastery). Variable rewards increase dopamine level in the
nucleus accumbens (area of the brain associated with pleasure). Experiments reported in
[65] showed that variable rewards satisfy and maintain interest over time by adding
variability.
Investment, the fourth phase of the model involves commitment from the users’ side.
Individuals that invest more time and effort into a product, value it more. This is part of
human nature; individuals overvalue their own work more than others’ work. This phase
comes after the variable reward is received by the user, when individuals are more likely to
put effort [61]. The more time and effort individuals put into something, the more they value
it and use it.

4
4.1

VIRTUAL REALITY AND AUGMENTED REALITY
VR and AR applications

Augmented and virtual reality can change users’ perception of the world. Virtual reality
brings individuals to a new digital environment, enabling them to interact with it [66]. By
using closed goggles, such as Oculus Rift, VR puts users’ presence elsewhere [67].
Augmented Reality combines real and virtual objects together, overlaying virtual objects
onto the real world in real time [66]. Smartphones, tablets and other smart devices can work
as platforms for AR and VR application, thus being a familiar device that can introduce the
new technology approaches to students [2]. Both approaches have advantages and
disadvantages depending on the need that must solve. VR has been proven more effective
for immersive user experiences [2]. Nevertheless, VR means that users are unable to interact
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with the physical world [5], something that is possible to do with AR. In the next item 4.2,
the impact of VR and AR in the field of education is analysed and methodological suggestions
are given.
4.2

Impact of VR and AR applications on the learning process

Inexpensive consumer virtual reality display technology has brought new opportunities to
deliver knowledge and training with immersive and engaging technologies like VR and AR.
Virtual learning environments have generated positive learning outcomes in a variety of
fields, including education [7], [68]. In [2], results showed that VR applications can be
effectively integrated for learning purposes. In addition, AR has been proven effective in
learning [69] and it has been described one of the most promising technologies in education
in the next years [70]. Moreover, results of previous studies suggest that combining real
objects, AR, and VR provides potential benefits in a collaborative, educational environment
[71], [73].
When comparing VR and AR in education, VR was reported as more engaging than AR
through the psychological mechanism of spatial presence and more effective to emphasize
visually communicated content [6]. The great sense of immersion created by VR
environments can provide on-site training in a controlled and safe environment [7]. In [73],
researchers used VR to introduce the concepts of special relativity in a game like
environment. After utilizing the virtual system, students believed that the simulation was a
positive learning experience and described the subject area as being less abstract. Results
also showed that students performed better in concept tests on special relativity, showing
that VR was dramatically useful in making traditionally difficult abstract topics more
accessible to learners. Moreover, virtual learning environments can give access to highly
expensive equipment in locations that are difficult to access [7], like manufacturing facilities.
Also, majority of participants in [74] reported positive aspects of VR, including increased
social interactions and reduced social anxiety. Nevertheless, it has been reported that it is
not clear how VR would maintain attention and motivation in students through repeated use
[2].
On the other hand, students using AR performed significantly better than those using VR
regarding learning and task performance [75] and AR provided students with a higher sense
of immediacy, as reported in [5]. AR applications have been previously reported as an
effective tool to attract students’ attention and enhance their concentration towards
practical tasks [3]. Furthermore, usage of AR technology has helped students to significantly
better understand complex abstract concepts in science fields, as reported in previous
studies [4], [76]. AR has the power to transform academic environments, making them much
more efficient, enjoyable, and interactive than before. AR provides excellent possibilities in
education, especially in e-learning. With augmented reality, the need to determine the
learning contexts and situations will no longer exist, as the conditions of the physical world
specify all of them [70], [74]. Designing VR and AR environments for learning must explicitly
include pedagogical considerations [78]. To develop effective educational training virtual
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environments, the designer must begin understanding the learning objectives, re-creating
the real-world tasks, and assessing the learner progress as well as his or her performance [6].
Also, in order to design and promising VR environment for learners, a framework that clearly
describes the target user must be defined and the learning experiences and outcomes must
be established [78]. The ease of use of immersive VR systems is critical as well, proving
better focus and more mental intensity in users, which results consequently, in
performances with higher degrees of creativity [79]. Moreover, before designing VR or AR
applications for education, a number of issues should be taken into consideration carefully:
target audience, level of the course (undergraduate, post-graduate), pre-requirements,
topics addressed, learning approach and class format, hardware and software to be used,
practical assignments, group organization, staff requirements and main difficulties and
constraints related to the use of these technologies [80].
The European Inspiring Science Education (ISE) project provides educational tools and
resources linked to e-learning. The European Inspiring Science team sees VR and AR as
potentially powerful educational tools to support learning, but only if following the next
characteristics are met:
•

Intelligent: the classroom technology should adapt and support practices that used to
require intense human intervention.

•

Interactive: the classroom technology should boost interactions between the
instructors and the learners.

•

Personalized: the classroom technology should adapt to the needs of individual
users.

•

Integrated: the classroom technologies should be integrated in a single system.[67],
[81]

Both VR and AR technologies present their own advantages depending on the context,
situation and the need they are intending to support.
Industrial VR/AR solutions are built from various combinations of software platforms,
hardware infrastructure, content, and services. A typical system includes a mobile
computing platform, software application authoring platform, detection and tracking to align
virtual content with physical objects, display, wireless communication, network connectivity,
and data manage-ment and analytics. Applications may be run on-premises or in the cloud.
The end-user display is usually a mobile device, either a Handheld Device (HHD) such as
smart phones or tablets, or a Head Mounted Display (HMD) such as smart glasses or some
other wearable form factor, e.g., helmet mounted.
Most of the CAD and Robotics software platforms have a VR interface and even TeamViewer
Pilot is now integrated with RealWear Wearable Headsets, Vuzix, and Epson smart glasses
etc. TeamViewer Pilot expands the power of remote assistance software beyond IT support
into the real world through augmented reality (AR) and enables experts to remotely guide
users through complex operations via live camera-sharing, voice, and on-screen annotations.
Experts in centralized support organizations can use a computer or smart mobile device to
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virtually be transported to the field and see what learners are seeing through headsets and
smart glasses in real-time.
The most advanced and coming in near future is the Immersive VR Education approach. The
audience in this case is treated to a unique immersive conference experience, while
executives and experts from the XR share insights on the impact of XR on the world.
“The inability to meet and communicate face to face will be an increasing challenge for the
world, but extended reality (XR) can be one solution,” said HTC China president, Alvin W.
Graylin. “To stay safe these days, we need to create more distance between people and,
conversely, one of the biggest benefits of XR is the ability to remove the perception of
distance and boundaries for users.” (XRLearn.com).
When implementing these three technologies, it is important to understand the differences
between them. Virtual reality is a fully immersive technology in which the user only sees the
digital content displayed by the device. With augmented reality, the physical and virtual
worlds are combined by overlaying digital information into the user’s environment, usually
through a 2D display. Mixed reality blends the digital and physical worlds and allows the
digital content to interact with the real-world in 3D.
Paradigm Shift
While the use of AR, VR, and MR for communication and visualization is still important, the
way manufacturers are taking advantage of these solutions has started to shift. Now more
than ever, manufacturers and trainers are using AR and MR technology in training and
production environments and bringing it to frontline workers to be used for more
sophisticated and demanding tasks.
4.3

VR and AR for training robotics and automations

In [7], [8], VR is described as a very useful industrial workspace training tool as well as a tool
for safety training. In this sense, a VR training tool can provide learners with the
fundamental skills to perform a job (understanding the basic function of the job, how to
wear the personal protective equipment or how to spot and utilize other tools) as well as to
learn critical safety measures before doing any actions at the workplace.
Other approaches suggest a collaborative virtual environment, utilizing a VR Robotics
simulator and implementing the communication with a physical robotic system, allowing the
simulator to load programs and to even synchronize the simulation with the physical
execution of the robotic system [9].
These ideas match with the target group (people employed at SMEs: workers operating
advanced machines as well as middle-level technical staff; teachers, trainers, consultants in
the field of Robotics and Automation and students of vocational schools). The positive
results with virtual reality in the field of robotics, automation, manufacturing and industrial
safety practices obtained in [7], [8], [9] make virtual reality the most optimal technology to
use in this work.
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Learners can take courses on the go with apps available on iOS and Android next to robots
and automation lines or to access the equipment remotely. Courses can also be downloaded
for offline viewing.

5

METHODOLOGICAL ASPECTS OF E-LEARNING ENVIRONMENT DESIGN

5.1

Building the goal driven strategy

The environment should provide the following options, which are realized in Coursevo:
•

Access to graded assessments, quizzes, and projects

•

Verified Certificates upon course completion

•

Priority access to learner technical support

•

Learning program consultation

•

Skills and competency mapping

•

Collections and curated learning pathways

•

Advanced Analytics and Insights

•

Track learner progress, completions, and feedback

•

ROI value of skill development

•

Industry skill insights and benchmarking

•

Learner leaderboards

•

Customer Success

•

API integrations

•

LMS integrations
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Figure 7. Learning environment is respecting each learner goals and learning skills [57].
Figure 8 shows the draft idea of an e-learning environment design created according to the
first principles presented [57]. It is important to note that the environment has not been
developed or programmed. It has only been graphically designed to visually explain the key
elements to be included for an effective habit-forming learning experience combined with
virtual reality.

Figure 8. The draft idea of an e-learning environment design [57].
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With this design, learners can clearly see the beginning and end of the course. It is always
clear where they currently are and how far they are from the end course. This is achieved
with the map-like view of the course and the progress bars in the upper right corner. In
addition, students can graphically see how many steps they need to go through before
reaching their end goal, both in the left side general view (blocks, exam and certificate) and
in the central map view (sections to be completed per module and block).
Being a self-paced online course, the learner has the encouragement to finish the course,
take the exam and obtain a certificate at the end (one of the rewards given to the user). The
certificate acts like a reward and the grade is used to maintain the motivation through the
whole course.
The environment has been designed to psychologically relieve the pain caused by those
negative emotions, thus incrementing the number of needs solved to the user. Throughout
the e-course, the learners would be prompted with an external trigger (i.e. an e-mail) every
day, that would remind them to complete a section of the course. After several repetitions,
the habit would start to form. Every time there is psychological pain relief from those
negative emotions, the user gets more hooked to the e-environment.
In order to act, the learner must have enough motivation, the ability to complete the desired
action, and a trigger must be present to activate the behaviour.
Motivation is boosted by linking it to the external triggers received every day (reminders to
prompt the user into entering to the e-course). With the constant graphical visualization of
achieved progress and with the variable rewards systematically received, the learner
completes a section or reaches a 2-day usage strike (later described in more detail). The
ability part refers to the ease of use. The design has been created to eliminate as many
unnecessary steps as possible, reducing the time to complete the desired action, and the
physical and mental effort (brain cycles) of labour involved in taking an action. It also
enhances the feeling of social approval as well as the social interaction (certification at the
end, comment sections and forum) [57].
It is critical that lectures are given in video format, allowing learners to pause and play the
video as many times as needed. Next to the ‘Play’ button, the video also contains an option
to generate bookmarks (notes/comments) and place them throughout the video length.
These bookmarks can be utilized by the student to mark the most important moments of
each explanation. It is important to note that under each video lecture, there is a comment
section area, where the users can ask questions related to the section. This enables students
to interact like in a real class, but it also increases the student-teacher as well as the studentstudent interaction. As illustrated, the users can vote positively every question or comment
(enhancing the internal trigger related to the need for social approval and acceptance), reply
or view other replies. All these options are included to enhance the social interaction and
develop in the learner the feeling of community and being part of a group (proven critical to
increase motivation).
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5.2

Rewards and repetition role at the course

Students care about the grade, because it is generally what defines whether they pass a
course or not. It is also a way to show their level of expertise on the subject, which is
strongly linked to every human’s need for social approval and acceptance. That is why, giving
learners the grade as variable rewards in small bites is a powerful way to keep them
engaged. It also shows learners the importance of constant and persistent work in order to
reach a final goal [57].
Depending on the type of course or the materials previously studied, other practical tasks
could be proposed (i.e. a quiz). Under it, the student can provide the answer to the different
questions.
After that, the student can click over “Check Answers”. In the same button, it is specified
that, if the answers are correct, the section is marked as finished and the learner unlocks a
grade reward. In case that the student does not know how to solve the exercise, an option
to watch the solution in video format is provided to the user. Under the video, a comment
section would be again available for possible questions that may arise. On the right side, a
resources section contains the options to download the problem statement in PDF format,
and the solution in both PDF and video format [57].

Figure 9. Draft idea of the rewards and progress bar [57].
It is noteworthy that, as the number of completed sections grows and more section notes
and bookmarks are added, the investment done by the learner in the platform increases as
well. Since the investments in a product create preferences towards that specific product
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due to the human tendency to overvalue our own work [61], the likelihood of learners
returning to utilize the e-platform is higher.
When a practical task has been completed, the material is learned by the user. However,
after some time, the Ebbinghaus’ curve shows that the knowledge begins to be forgotten
[35]. In order to avoid this effect, the solution is to place certain remembering tasks after
some time.
5.3

Virtual reality tasks

The instructions to develop a certain project could be given to the learners, if all the
necessary knowledge has been previously delivered to the learners.
The VR application is one more of the sections that students could utilize in order to acquire
knowledge. In the e-course, virtual reality must be used as tool to achieve the objectives of a
course. It must help to deliver the contents and enhance the learning experience. If the
virtual reality technology enables the instructor to do something that cannot be done
without it, then the VR section for virtual reality must be included. Otherwise, other ways
that may be more feasible to implement shall be studied. The virtual reality tasks provide
learners with a larger amount of practice to learn certain topics that may need of a more
immersive or interactive experience.
Many of these elements are also present in many popular and viral games: the map-like view
from beginning to end, the goal-driven strategy, the utilization of variable rewards and other
elements to treat the user, the use of designs that hook the user by displaying all the
investment already performed, the creation of habits by the utilization of internal and
external triggers, etc. This is how users get hooked into games. The idea behind the design of
this e-environment is to hook users as well, but into learning instead. The utilization of these
elements is justified if it means a larger number of learners engaging with learning and
developing strong study habits in their routines. Previous studies have shown that using
gamification for learning purposes increases student engagement, grades [82] and has a
positive impact on learning outcomes [83].
Application of VR in education gives an opportunity of creating complex laboratories and
setups without the need of spending high amounts of money nor using big areas. This is
particularly useful for industrial-technical vocational training as the equipment required for
an effective learning is relatively expensive. Students using such frameworks may either
observe 3D parts or assemblies from different views or take part in interactive exercises. This
is beneficial in comparison to traditional learning as an application of VR connects practical
approach with theoretical knowledge [84]. Furthermore, a student may freely experiment
within a framework with no risk of damaging setup, which engages their creativity and own
initiative. As a result, the motivation of students to learn and develop skills gets fostered,
which makes studying significantly more efficient and effective. VR can also encourage
students to get good teaching practices and implement innovative learning models into
technology.
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A VR-based training system in terms of a serious game that simulates in real-time a
cooperation between industrial robotic manipulators and humans, executing simple
manufacturing tasks is presented in [14]. The scenario presented refers to collaborative
handling in tape-laying for building aerospace composite parts.
In an extended study, Yilmaz (2018) reviews the literature regarding using augmented reality
(AR) in education, including 38 articles published between 2016 and 2017 [10]. This includes
a comparison of levels and fields of education, types of used AR material as well as
educational advantages of this approach.
By embedding digital content in a real environment, AR is a promising tool to develop a new
methodology of workspace-related learning [13]. The positive effects of AR in this context
has been proven in various aspects, e.g. on the efficiency of instructions regarding increased
attention, participation and motivation of users [12]. Furthermore, an experimental and
exploratory character of AR-activities can be combined well with situated and constructivist
learning theories [85]. Finally, the AR's most significant advantage is its “unique ability to
create immersive hybrid learning environments that combine digital and physical objects,
thereby facilitating the development of processing skills such as critical thinking, problemsolving, and communicating through interdependent collaborative exercises.”, according to
Dunleavy, Dede, and Mitchell (2009, p. 20) [85].
Education on operation and maintenance of machines (from motor vehicles up to whole
industrial plants) is often paramount in the training process of industrial-technical vocational
training [86]. These machines are not only getting more complex, but full accessibility of
their every part (spatial as well as content-related) cannot be guaranteed for every case due
to increasing functional coherence. By overcoming the media gap between real and digital
training content, AR not only visualizes machines' elements that are practically hidden but
may also demonstrate the related processes and cause-effect relationships in a semantic
context. As AR involves also a real environment and just displays additional layers, it is rather
used in conjunction with the real setups. Its typical application may involve components
recognition and labelling them, so a student can learn simultaneously while looking at the
real machines. Moreover, AR may be used to expose elements which are hidden from
outside or to present simulations of the real processes such as energy or information flows
or heat transfers.
AR can also support technicians in maintenance and technical assistance services, while they
are not experienced enough to deal with the increasing complexity of modern products [40].
Porcelli et al., present main technical and organizational challenges which must be faced in
order to introduce AR also in the delivery process of maintenance services, by a case study in
an industrial context.
One of the main problems encountered in manual assembly workstations is human error in
performing operations. Dalle Mura, Dini and Failli (2016) propose an innovative system
based on the interaction between a force sensor and an augmented reality (AR) equipment
used to give the necessary information about the correct assembly sequence to the worker
and to alert them in case of errors occurring [87].
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Michalos et al. (2016) present an Augmented Reality (AR) tool for supporting operators
where humans and robots cooperate in a shared industrial workplace [88]. The system
provides AR visualization of an assembly process, video and text-based instructions, and
production status updates. The tool also enhances the operator’s safety and complies with a
hybrid assembly environment through the immersion capabilities of AR technology. The
hardware setup consists of AR equipment and markers, the handheld devices for user input
and the network infrastructure for interfacing the robot and the storage database.
The virtual reality tasks of the e-environment could point the user to download an app to
their mobile phone in parallel to have the demo in Coursevo environment and complete the
specified level or task in order to support the adoption of materials. The reason for this is
that the MILAN project e-course is prepared for the delivery of content online. Therefore,
learners need the virtual reality environments to be accessible anytime, anywhere and
without the need to purchase expensive equipment.
These requirements suggest that the most efficient manner to provide learners with virtual
reality technology is by using their own smartphones or tablets, just as suggested in previous
studies [2], [6]. The utilization of these devices enables learners to immerse themselves
inside virtual worlds with practically no cost. Only a VR headset is necessary, which can be
found on the internet
It is important to note that, although it has clear benefits by reducing the cost for the user to
almost zero and reaching every student with this approach, the interactive experience is
somehow lowered.
Nonetheless, it is noteworthy that in the VR tasks of the e-learning environment, the learner
could be informed that the virtual reality app is also available for professional VR headsets,
such as Oculus Rift or HTC Vive. With a few modifications, the app could be exported to work
with these devices.
The design and development of the VR apps is suitable to do with the Unity game engine
(version 2019 or 2020). Unity is a development platform that allows to create 2D, 3D, virtual
reality environments and then export them for different platforms (Android, iOS, Oculus Rift,
HTC Vive, etc). In addition, the integrated development environment Microsoft Visual Studio
2017 or newer could be used to develop the correct functionality of the apps in combination
with the C# programming language.
An example of 360-degree view and explanation of industrial robot, robot rotation on axis
two and robot rotation on axis five realized with Unity software.
In order to generate the audios with the necessary explanations, the text to speech online
demo tool by IBM was used [89]. The robot model was obtained from the Unity Asset Store
[91].
The technique allows to introduce textual as well as voice instructions constantly displayed
to the user, which are also played as an audio at the beginning of the task.
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Figure 10. Options to present instructions in VR applications.

Figure 11. The main principle of integrating VR applications into a course

6

CONCLUDING REMARKS

E-learning should be considering an enabling and time and resources saving technique for
learning especially for training students and workers with new and fast developing
technologies like automation and robotics where remote sharing hardware and teaching
resources allows to increase the learning process efficiency and effectiveness. Though it
should be noted that implementation of blended learning principles is essential. Definition of
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clear learning pathways and option to repeat some lessons helps students to acquire the
knowledge in most effective way. VR and AR applications provide an essential support for
practical training which is inaccessible in many offline or online courses.
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