JANUS

Practical handbook for teachers
with guidelines on how to

Integrate Virtual Reality for
Robotics education

The Europea€ommission's support for the production

Co-funded by the
Erasmus+ Programme
of the European Union

of this publication does not constitute an endorsement

of the contents, which reflect the views only of the authors,
and the Commission cannot be held responsible for any usg



V)
'

% % Co-funded by the
Erasmus+ Programme
of the European Union

* X %
* 4

* 4 *

JANUS

AUTHORS AND CONTRIBUTORS

Dario Antonelli Politechnico di Torino

Salvatore AndolinaSynArea Consultants s.r.l.

AndrzejBurghardE t 2f AGSOKY A1l wiSalz2g¢aill AYd LIyl OS3A2
Athanasios Christopoulg2Jniversity of Turku, Centre for Learning Analytics

Guido Coppo SynArea Consultants s.r.l.

£ £ Sy { Ay, VinigsiUaiveSiy T

3y T wdzQ VikigsdiverSity T

Mikko-Jussi LaaksdJniversity of Turku, Centre for Learning Analytics

Simone Lo PrioreSynArea Consultants s.r.l.

£ ARl al &HA G&AHYIRUNiTersity

al 1aeYAfAE Yyt aODRIESRY AL wiSalz26a1t AYd LAyl OS2
Dimitrios SalmasUnivesity of loannina, Laboratory of Knowledge Intelligence Computing

Dorota Stadnicka t 2f AGSOKYyA {1l wiSalz2g6ai1l AYd LIyl OS3aA2
QUALITY ASSESSMENT by

Dario Antonellj Politechnico di Torino

Guido CoppoSynArea Consultants s.r.l.

£ £ Sy i A y,VinigslUgiverSity T

Mikko-Jussi LaaksdJniversity of Turku, Centre for Learning Analytics

Dorota Stadnicka t 2f AGSOKYy A1l wiSalz26ai1l AY®d LIyl OS3aA2

Chrysostomos StyligeJniversity of loannina

Cite as/Antonelli et al.{2023) Practical handbé&dor teachers with guidelines on how to integrate
Virtual Reality for Robotics education. JANUBedagogy and Virtual Reality Based Robotic Blended
Education. Project No 2020PL01KA226HEQ095371. Available on:
https://janus.w.prz.edu.pl/projectesults

JANUS: ®edagogy and Virtual Reality Based Robotic Blended Education

Project No 202-PL01KA226HE095371



https://janus.w.prz.edu.pl/project-results

) - . Co-funded by the
¥ Erasmus+ Programme

of the European Union
JANUS

Statement of originality

This deliverable contains original unpublished work, except where clearly indicated otherwise.
Acknowledgement of previously published material and of the wodtloérs has been made
through appropriate citation, quotation, or both.

Disclaimer

This report contains material which is the copyright of JANUS Consortium Parties. All JANUS
Consortium Parties have agreed that the content of the report is licensed @n@egative Commons
Attribution NonCommercial Share Alike 4.0 International License. JANUS Consortium Parties does
not warrant that the information contained in the Deliverable is capable of use, or that use of the
information is free from risk, and accepo liability for loss or damage suffered by any person or any
entity using the information.

Copyright notice

6 H 2028 JANUS Consortium Parties

Note

For anyone interested in having more information about the project, please see the website at:
WWWw.janusproject.eu

‘@ﬁjhis publication is licensed undeCaeative Commons AttributieNonCommercial 4.0

International Publidicensg CC BYC 4.0).

JANUS: ®edagogy and Virtual Reality Based Robotic Blended Education

Project No 202-PL01KA226HE095371



http://www.janus-project.eu/
https://creativecommons.org/licenses/by-nc/4.0/legalcode
https://creativecommons.org/licenses/by-nc/4.0/legalcode

B - e Co-funded by the
W Erasmus+ Programme
i of the European Union
JANUS
Table of contents
Definitions and abbreViationsS..............eiiiii e
[ 1100 18 ox 1T0] o FO PSP PP PP PP PPPPUPITN 5
ADOUL thisS HANADOK..........ooiiiiiiiii e e e e e e e e e e eeennneeenn ]
1. Virtual reality background for robotic education...............ccoooeeeiiiiiii e 9
1.1. The importance of virtual reality..............coouuiiiiiiiicee e 9
1.2.  The main groups of virtual reality..............ccoeuiiiiiiioe e 12
1.2.1. Desktop virtual reality SYSeIML........ccvvuieieieeiieee e e e e e e e e e e e eeeees 13
1.2.2. Immersive virtual reality SYSteImM..........coiiiiiiiii i 13
1.2.3. Shared virtual reality SYSeIM...........uiiiiiiiiii e 14
1.3.  What can we teach in Virtual Reality in case of robotic education.......................... 14
1.4. Educational aspects of virtual reality..............ccuiiiiiiieeiiiiie e ee e 17
1.4.1. Learning between others in synghic/asynchronous collaboration......................... 22
D o b= Tt [0 @] 1 (=] o | O PP PP PP PP PP PPPPPPPPPPPPPP 25
2.1. Mehodology of didactic content development.............cccoeviviiiieeeiiii e, 25
2.2. Didactic content Teaching and Learning Activities and Assessment tasks for®Case
1S3 (0 T | S 29
2.3. Didactic content Teaching and Learning Activities and Assessment tasks for PRZ ca86 study
3. Virtual reality for Robotic educatiancase study integration.............ccceeeeeveiiieeeiieeeeciiieeenn. 45
3.1. General INfOrMAatION...........ccviiiiiiiiiiiiii e eeeeee AD
3.2.Description of the asynchronous scenario implemented inRPRZ.................cccceevvnenn... 50
3.3. Description of synchronous / asynchronous scenario implendeatt®OLITO................... 59

4, 9@l tdz2 GA2Y 2F (GKS aidMRSe.6.4.0... LISNF.2NY.LY. Q66

5. Example of the intervention plan for teachers.............uuuuiiiiiieeeiiii e, 71
L T 1 0 = T Y 74
AANINEXES ...ttt ettt et e e e e et et e a e e renn 76
REFEIBNCES.....ceeeeieeeeee ettt eee e 77

LI | G F 2

JANUS: ®edagogy and Virtual Reality Based Robotic Blended Education

Project No 202-PL01KA226HE095371




V)
'

- Co-funded by the
X Erasmus+ Programme

of the European Union
JANUS

A4

58TAYAGA2YE FYR |06

AT- Assessment Tasks

BE- Blended Education

BL¢ Blended Learning
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Virtual reality (VR) in robotics education refers to technologies that enrich the knowledge and
experience of students, mainly in the context of digital robot twins. Robotics is a
multidisciplinary field of knowledge that deals with the design, constructibut also

operations, use, and maintenance of robots.

In recent years, VR technologies have evolved creating several possible scenarios for their
use. One of them is the creation of immersive educational experiences that allow students to
learn in a sa and controlled environment. VR technology can simulateweald scenarios

and provide students with hanesn experience operating robots, without the need for
expensive physical equipment. This can make robotics education more accessible and cost

effedive, and also allows for a higher degree of flexibility in the curriculum.

VR can support teachers in educating students in the traditional way, that is, providing
students with visual cues so that they understand complex robot concepts and mechanics.
Anather approach to VR robotics education is to create a digital twin and teach students, for

example, how to work with a robot, taking into account all safety rules.

A concept that has gained importance in the field of education in recent years is blended
learning (BL). This way of teaching has gained particular importance during the -C®DVID
pandemic. Blended learning is an approach to education that combines traditionaicface
face instruction with online learning. This approach aims to take advantadie dienefits of

both in-person and online learning, and to provide a more flexible and personalized learning
experience for students. Blended learning allows for more active collaborative learning; e.g.,

students taking a course using this type of learrdag participate in project work online, but
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also combine this with actual discussions in actual labs. The existence of such a choice for

types of class creates an environment that can encourage more active learning.

The JANUS project aims at setting up fbundations related to the application of Virtual
Reality (VR), in blended learning settings, with particular focus on the field of STEM (Science,
Technology, Engineering, and Mathematics) education. Progated activities can be

broadly classifiechto the following categories:

(1) ePedagogy: Development of an educational framework to support the design of VR
learning activities and a user manual to guide the practices that educators will follow when
conducting the educational activities. Furthermo prior to the intervention, a series of

workshops were delivered to prospective teachers so as to equip them with the necessary

skills and traits on how to use the custemade prototype efficiently and effectively.

(2) Virtual learning platform: Aligieto the principles of wekstablished educational theories
and instructional design techniques, a prototype VR platform was developed. Fhas¢g
solution feature a safe environment in which students are able to interact with the learning

content and rform various subjeespecific tasks.

(3) Learning Analytics: By integrating a universal system, such as VILLE, the future
development decisions of the instructional designers (e.g., intervention design, content
creation) are datalriven and contexspedfic while the educational practices of the teachers
(i.e., didactic approach, instructional methods) can be optimised in accordance with the
needs. Moreover, by offering learners insights about their learning progression and hints on
how to improve theirlearning practices, the overall educational experience becomes more

efficient and effective.
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The Janus project is one of the innovative ideas for educating students in robotics topics. This
project includes the development of toolsné methodologies needed to offer teacher
support for virtual reality teaching for certain aspects of robotics. The approach can be used

as a fully virtual, but more importantly it can be offered as blended learning.

The purpose of this Handbook is to affuidelines for integrating virtual reality into robotics
education. Two practical case studies were used to demonstrate the implementation of this

goal. One was the implementation of virtual reality in robotics education for a collaborative

robot at thePolitechnico di Torino in Italy, while the other case study is about an ABB robotic

FNY FYR GKS LINROS&aad 2F YIOKAYAy3aAs FY2y3d 20GKS

Technology in Poland.
This hanbook is divided into 4 main sections:

- Virtual reality background for robotic educatiorthis is an introduction to the subject of
virtual reality, this chapter presents the basic definitions related to the subject and describes
the essence of the use of VR in the education process, it also showsotasésg VR in the

field of robotics education.

- Virtual reality for Robotic educationcase study integration this chapter describes the
exemplary integration of the developed robotics scenarios for the education of students for
two courses that arghe subject of the JANUS project, it describes the process of creating

such educational scenarios,

- Evaluation of the students' performance platfornthis is a description of the process of
evaluating students, which includes a description of sample scenarios that are implemented

before, during and after the course,
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- Example of the intervention plan for teacherthis is a chapter that presents an example of
a teacher intervention plan that sends current information to implement the developed

robotics course.

In addition, readers have a possibility to get more infation on the process of creating and
testing the developed solutions described in detail in the appendices to the handbook,

namely:

w

0 Theoretical and Conceptual Framework for applying virtual reality into educational
process Annex 1),

0 Examples of Intendeldearning Outcomes (ILO), Teaching and Learning Activities (TLA)
and Assessment Tasks (AT) for case study applicafongX 2,

0 Process of development of the VR platform and Educational Scenario (3D Content)
(Annex 3,

0 Pilot of the use case with Case dts Monitoring and Continues Data collections from
use casesAnhnex 9,

0 Presentation of VILLEThe Collaborative Education Tool in a form of Teacher Guide

(Annex 3,

O«

Backend API & Server Configuration for linking virtual reality with learning analytics

(Annex 9,

O«

Description of the Unit Testing procegmex 7,

O«

Specification of the research plan and the data collection instrumenadx g,

O«

Analysis of the primary data and visualisation of the outcomeméx 9,

O«

Framework for Virtual Reality Platfo (Annex 10,

O«

Integration of Assessment as Teachiegrning ToolAnnex 13,

(@]

Presentation of Training Sessions delivered for teachfaragx 12.
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1.1. The importance of virtual reality

Q. Zhang, Ke Wan&heng Zhou (2020) notice that virtual reality (VR) is a comprehensive
integrated technology. The principle is to build a virtual thoe@ensional space world
through computing tools. When users wear special eyes, helmets, gloves and other devices,
users an receive sensory simulations such as real vision, hearing and touch in the virtual
world. The computer can track, calculate and send the corresponding changes of 3D scene in
real time. With the user's redime experience of interactive feeling, userscabserve the
whole 3D space at will. The technical fields mainly involve computer graphics, sensor
technology, humarcomputer interaction technology, artificial intelligence and science and
technology. The key to combine these technologies is advancadation system. In short,
virtual reality is a new way of interaction between human and computer. Also Q. Zhang, Ke
Wang, Sheng Zhou. (2020) highlight that virtual reality is a new way of huomputer
interaction. In a virtual world, sensory patternschuas vision, hearing or touch can be
realised, but require special tools such as special goggles, helmets (headmalispkys),
gloves or other devices. For example, high fidelity graphics and immersive content using
headmounteddisplays have enabled wglents to explore complex subjects and improve
learning outcomes, as these virtual tools allow students to learn in their preferred learning

style (J. Taljaard, 2016).

Virtual Reality (VR) is a mudensory technology that stimulates learning and has the
potential for pedagogical applications (R. Pathan, R. Rajendran, S. Murthy (2020). These last
thoughts already show that the inclusion of new technologies to education process such as

+w FlILOAfAGIOS alddzRRSydaQ f SI Nyranyhanks. ForytieS NI O A
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implementation of such kind new technologies it is important to think about instructional
methods and in that case it can create a richer, more satisfying learning environment, that

can improve learning performance of individuals witHetiént cognitive styles (e.g., learning

styles and spatial ability) (P. Safadel, D.White (2020). Also virtual environments and 3D objects

can explain certain educational contents that text cannot, and those are unique benefits of

VR applicable in educatioha ® | dzaaSAy> [/ ® bNGISNRIFIEZ HAamMpO
Bastiaens, L. C. Wood, T. Reiners (2014). pointed out that VR software tools can be used to
bring textbook content to life. Virtual reality promotes active learning and enables better
conceriration since students are focused on virtual environment with a strong sense of
LINSE&ASyOS 4A0GKAY oOoa® | dzAaaSAYysS [/ ® bNIOGSNRIT X
advantages of virtual reality, it is important to note that the authors emphasise gbaort

work in educational VR which positively affects the development of knowledge, thinking, and

other cognitive processes. VR educational programs stimulate personal, procedural, and
operational mechanisms of thinking, which result in the higher studentoperance. VR

programs improve traditional parameters of figurative shtatm memory, observation,

stability and attention span, and generalization and classification (V. V. Selivanov, L. N.
Selivanova, N. S. Babieva, 2020). Also according to Q. Zhaw@ang§e Sheng Zhou. (2020)

guality and ability of students have been greatly improved after virtual education platform
learning. Also research suggests that simultaneous group VR experiences with multiple
a0dzRSyiGa adAaydzZ I §S &G dzReBlighpratan id ®nfrastSto @arllelO2 Y'Y dz
learning experiences (A. G. Fegely , H. N Hagan, G. H. Warriner, 2020). The significance of
virtual technologies is that it helps users to have an active experience rather than a passive

learning experience and enhargtheir creativity (M. Samad, E. Sepasgozar, 2020).

It is important to note that virtual reality is even seen as a way of education, with A.K.
Bashabsheh, H. Alzoubi, M. Z. Ali (2019) argue that VR education can change the way
educational content is delived by creating a virtual worldreal or imagined and allowing

users to not only see it but also interact with it. The interaction aspect is also highlighted by

other researchers (N. Shamsudin, F. Abdul Majid, 2019), who point out that the interattion o
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the learner with the content is crucial in virtual spaces. This suggests that the learning content
that fills and makes sense of the virtual space is crucial. This suggests that it is not only
important to attract interest in the possibility of learning a virtual space, but it is also
important to create an active learner position where the student is involved in the learning
content. As mentioned N. Shamsudin, F. Abdul Majid (2019), VR is a new technology that
provides interaction with learning conténThis interaction will potentially deepen the
learning effect when the learners are actively constructing new knowledge through virtual
environments. Virtual reality causes the learner to cognitively process the learning material
more deeply; learners caacquire knowledge and skills effectively. The ability to provide
highly interactive learning experiences is one of the bhedued in virtual reality (N.
Shamsudin, F. Abdul Majid, 2019). N. Shamsudin, F. Abdul Majid (2019) study suggests that
virtual reality can effectively engage students in a learning activity, as demonstrated by
heightening levels of engagement through interaction, and immersion VR features and that
this may be activated by increasing levels of interactions (N. Shamsudin, F. Aball Maj
(2019). Also having virtual reality in education is useful not only for content consumption, but
AGQa ftaz2 aANBLIG F2N O2yiaSyid ONBIFIGAZ2Yyd | f a2
(e.g. high turnover rate of knowledge, changing labourkag, which require a more creative
response of learners to the world problems that surround them. J. Bidarra, E. Rusman (2017).
A. K. Bashabsheh, H. Alzoubi, M. Z. Ali (2019) mention that the use of VR technology is an
essential tool to transfer from tedner ¢ centered methodology to studentcentered
methodology of learning.Students are interested in moving from the traditional way of
teaching to other and more efficient teaching methods and using many tools. It has been
proved that VR technology is aabtool for this movement.The traditional way of teaching
lacks of enjoyment and VR technology is a good solution to increase the enjoyment of learning
(A. K. Bashabsheh, H. Alzoubi, M. Z. Ali (2019). VR technology is a good solution to enhance
enjoyment.As A. K. Bashabsheh, H. Alzoubi, M. Z. Ali (2019), virtual reality has the potential
to change the way educational content is delivered; virtual reality is based on the premise of

creating a virtual world, real or imaginary, that learners can not onlybsé@teract with. N.
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Shakirova, N.Al Said, S. Konyushenko (2020) research show that VR technology
implementation allowed a better understanding of the complex concepts and contributed to
gaining experience in the chosen professional field. Modern digitahologies based on VR

can create the foundation for effective and highbality training with an orientation on

practice and productivity.

Also the academic literature also highlights the important educational aspects that need to
be maintained in the ivtual space.For example, the flexibility, repeatability, and visual appeal
2F F QANIdzZ € LI FGF2NY O2dA R LINBY2GS (GKS RSQ@S

reflective thinking, and creativity.

1.2. The main groups of virtual reality

Virtual reality systems into two main categories: (a) fully immersive virtual environments
(Immersive Virtualand partially immersive virtual environments, where the learner observes

or interacts with everything on the screefNon immersive)immersive systems tally
surround the users, they do this through specific hardware and needdnghcomputing

power. Immersive virtual reality systems is replaced with head mounted display unit. Non
immersive systems the viewers supposedly are not totally immersed usingre generic
hardware. It is as windown-a-world systems in which the virtual reality can be seen through
display screen (A. K. Bashabsheh, H. Alzoubi, M. Z. Ali, 2019). Other authors (R. Nakatsu, N.
Tosam, 2005) immersion see as passive immersion andeaictmersion. The lack or the
existence of interaction is the key element that distinguishes these two types of immersion.
Active immersion is important for virtual reality, includes interacting with objects, whereas in
passive immersion the users onlycetve information with no interaction. A virtual reality
experience should involve an active immersion. According to Q. Zhang, Ke Wang, Sheng Zhou
(2020) who speak about the different functions and implementation methods of virtual reality

system, noticeltat it can be divided into three typeFEigure 3} (Read more iknnex 10.
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Desktop virtual
reality system

Figure 1- Types of virtual reality systems
1.2.1.Desktop virtual reality system

Desktop virtual reality system is also known as simple virtual reality system, which makes
computer monitor become a window for users to observe virtual scene and simulate it
through computer and lovend workstation, thus adwing users to fully interact with virtual
reality world through input devices. These input devices include stereo glasses, sensors,
mouse, 3D controller, torque, etc. These types of systems allow users to freely select, observe
and manipulate the virtuabbjects in the virtual scene, but they lack immersion because they
are affected by external environment factors in the learning process. The application of this
system in medical teaching is mainly reflected in the making of virtual courseware and virtual

learning environment.

1.2.2. Immersive virtual reality system

Is known as "wearable" virtual reality systems, provide a much higher sense of immersive
experience than desktop virtual reality systems. Some display devices are used to close the

vision, heaing and touch of the participants to avoid the interference of external factors.
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Trackers, data gloves and other haomhtrolled input devices are used to immerse the
participants, providing them with a completely virtual and closed new space. Speakiag ab
immersive virtual reality, it is important to notice that fully immersive virtual reality systems
provide the participant with threelimensional virtual scenes in a large field of view. Field of
view, or field of vision, refers to what a stable eye san at a given moment (W. R. Sherman,
A.B. Craig, 2003), measured in degrees. Understanding Virtual Reality: Interface, Application,
and Design, First ed. Morgan Kaufmann Publishers. Immersive experiences, such as virtual
reality (VR) and augmented reali(AR), have redefined how digital media can be delivered,
encouraging us to interact with and explore our environment (L. E. Reevesa, E. Boltonb, M.
Bulpitta, A. Scotta, I. Tomeyc, M. Gatesc, R. A. Baldockd, 2021).

1.2.3. Shared virtual reality system

Shared virtual reality system also known as network virtual reality systems or distributed
virtual reality systems, are based on the network connection of immersive virtual reality
systems and distributed interactive simulation. Through the Internet, meltyslers can join
a virtual scene or space, experience the scene of virtual reality together, and promote the
virtual reality to a higher level. In a virtual scene, the same object or model can be
manipulated and observed by different users to achieve thipse of common learning and

experience.
1.3. What can we teach in Virtual Reality in case of robotic education

Virtual Reality (VR) can be a powerful teaching tool for a variety of reasons. Foremost, when
students participate in VR experiences that includal people and places it allows students

to develop feelings of immersion and presence in the VR environment (M. Slater, 2018), which
is an active learning and experiential learning upgrade over students reading textbooks or
watching videos to learn abowt topic. As introduced above, VR provides an avenue for a
variety of different experiences that would not ordinarily be possible in the physical world.

For example, with VR, students in history lessons can have experiences that place them in the
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time periad being studied in order to enhance their understanding of the lesson topic, and
thus aid understanding and transfer into lotgrm memory (J. R. Domingo, E. G. Bradley,
2018). Further, VR applications allow students to become immersed in experiences that
develop their sense of empathy for the people and events depicted in the VR environments,
like the reasons why historical figures made their decisions given the context of the historical
events (A. van Loon, J. Bailenson, J. Zaki etc., 2018). It isedentaht for the virtual reality
aeaidsSy (02 dzyRSNERGFYRX 2NJ aSyaSs GKS LI NI AOALI
feedback. This should be done in a reale manner (S. M. Preddy, R. E. Nance, 2002). Also
VR experiences can mimic the soagpects of traditional experiential learning activities, as
well. Virtual Reality may be useful for training the spatial orientation skill. The spatial
orientation skill allows us to determireur location in relation to the environment. In addition

to map reading,an activity that provides the spatial orientation skill is wayfinding. While
wayfinding the information obtained from successive views of the environment provides
spatial orientation. is displayed through a Smartphone installed in VR 3D glas§zsljonell
Carrera, J. L. Saorin (2018). Also it is important to mention that in virtual reality students must

learn of holistic environment empowerment.

+d waAVH B ST T CNWST B -Moz@P#8Pnblie that this is important that

the robot is taught not only the functions of the robot, but also collision detection, an-easy
to-use cell design interface or reachability path checks among others, as they are used to
teach only fundamental concepts of robotics. It is necessary to use tihk@henvironment of

the robot holistically, that environment must be educational. It must be possible for the
learner to generate additional robot programs, when the student not only purposefully
performs one activity, task, but is able to choose, test plssibilities of the robot and the
virtual reality surrounding the robot. This will enable students to apply the skills they have
developed in their professional activities. On this basis, an enabled virtual reality is created,
and a comprehensive leamn&E LISNA Sy OS A & -LTo2 NS B dCHAISW Y +Ht vilz@
Mora-Mora, 2018).
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The concept of using digital twin in virtual reality has been around for some time. Digil twin is
used to replicate a real environment, a process, or a single object that, for example, performs
certain operations. In the described work, such an objectadod a robot in a laboratory
environment. Another example of the use of virtual reality is humalmot cooperation,
which allows for primarily safe cooperation. Proper use of virtual reality for purposes such as
education allows for comfortable and safaiming of students in cooperation with the robot,

as well as, for example, its programming. Another exemplary use of virtual reality in the field
of robotics is for training purposes, for example, the behavior of personnel in the presence of
a station witha robot. Virtual reality can also help, for example, increase efficiency and
optimize the movement of the robot to increase productivity of, for example, a production

line.

Feeling virtual reality
sense

Develop sense of

Collaboration skills Experiences in the time
e ' : - ; empathy for the people
flexibility, class dynamic period being studied and events
\. J \. J \. J
e N e N

Can mimic the social

Experiential learning aspects of traditional
skills experiential learning
activities
\. J \. J
e N e N

Learning holistic
Spatial orientation skillg environment
empowerment

Figure 2 - The main aspects which learners can learn and feel in virtual reality
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In Figure 2it is presented the main aspects which students can learn in virtual reality. Also
learning process in virtual reality is directly oriented to learners feelings, emoianglso it

is important to pay attention to the feelings which learner can feel or develop in virtual reality.
With virtual worlds, new educational practices are explored based on consolidated digital
pedagogical models, or that are in the process ohfjeso. This type of tool contributes its
own in pedagogical and methodological terms, providing both teacher and student with an
alternative way of teaching and learning, and at the same time complementary to learning
models such as hybrid and mobile. biddion, it facilitates the teacher the use of pedagogies
such as inverted class and collaborative learning, among others, there by promoting flexibility
FyR Oflada RBMNIVYAOE BABNNYHHOD ' A | & DO CcCS3S
(2020)point out, authentic experiential learning is disappearing from education, but it is likely
that low-cost VR solutions will become a popular alternative, but it is important that VR is

based on structure and direction. This type of VR can activate stlei@ming.
1.4. Educational aspects of virtual reality

In the field of education, there is a lot of talk about active learning methods and the
importance of their use in the educational process, as it is activities that engage students in
the learning processpster higher levels of thinking, creativity, initiative, the dissemination

of effective ideas, and the full integration of teamwork (S. Freeman, S. L. Eddya, M.
McDonough, et al, 2013). Currently learning is seen as an engaging process which provides
expetiences and allows learners to develop skills and competences of different cognitive,
emotional and psychonotor complexity (L. F. Dreimane, 2019). At the same time,
researchers (C. L. Konopka, M. B. Adaime, P. H. Mosele, 2015) point out that activg learnin
methods often become part of the routine, with lecturers selecting methods based on their
modernity, or simply on their simple applicability, neglecting the relevance to the lesson's
purpose or objectives. At the same time, it is stressed that the drsesuof the traditional
classroom, where the teacher dominates the educational process, continue to prevail at

different levels of education. Therefore, this report, by exploring virtual reality and robotics,
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aims to reflect the principles of modern pedago where it is important to involve the learner

in the educational proces&ducational activities for virtual realigre sumarized ifrigure 3

-
-
-

Figure 3 - Educational activities for virtual reality: looking for a successful way fpedagogy and

/

\
o
=

blended learning

Speaking about learning with robots in virtual reality, it is important to speak about a variety

of learning methods
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1. Developing active st&ly 1 4 Q LI2AAGA2Y S K2 INBE ofS AYyRA
This is the model when first students read, learn and then they came to learning community.
A) First of all, it is important to mentiopre-teaching activitieswhen lecturer can use
activities or use textbooks, video clips, or other mediums. Learning media in principle is a
device used to convey learning material and provide convenience for students in achieving
learning objectives. The learning process is regarded as successful if tleehagge in
student behavior. Thus, the learning media must provide facilities to move students from not
knowing to knowing, from not understanding to understanding, from the easiest things to
difficult things, from simple things to complex things. aratirreal things to abstract things.

The more effective learning media, the more effective the learning process will be. (E.
Marpanaji, et al., 2018). As mentioned A.G. Fegely et al. (2020), instructors will deliver pre
teaching to the whole class before @ning the VR experience. Instructors can include engine
starter activities or use textbooks, video clips, or other mediums to introduce lesson topics
and build student baclground knowledge. Teachers will share the compelling questions or
students will crate their own compelling questions in this step. The introduction part of
lessons is also the ideal time for instructors to explain their expectations for behavior for the
VR activities, how to use or navigate the VR experiences, and what students shaldaimh,

like taking notes, as they embark on the VR experiences together (A.G. Fegely et al.,2020). In
this context, it is also important to mention the quality of the presentation of the material
offered to students. For example, requirements for medislity are stated. M. Samad, E.
Sepasgozar (2020) notice thatedia can consist of recorded video, audio. Also it can be
combined with quizzes and intervie(dd. Samad, E. Sepasgozar, 2020). Also in media there
is an opportunity fomotion tracking systemand stereo sounid the VR environment which
allowed students to interact with the projected modules allowing the opportunity for an
immersive experience within an interactive VR environment. Also VR videos can be uploaded
to a video delivery service thaupports VR video, on YouTube. Students can view the VR
video content through a desktop/mobile web browser, or through the Android/iOS YouTube

apps (M. Samad, E. Sepasgozar, 2020). Media form can also be considered perceptual
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immersion that surround thesenses, to produce a sensorially rich mediated environment.
These presented educational activities can be used when students need to familiarize
themselves with the learning material, as well as to stimulate students' engagement through
puzzles and interdig videos. Another important aspect is that preparing videos and placing
them in the students' hands at any time and on any device promotes learning at their
convenience. B) In further exploring educational activities aimed at actively engaging students
in virtual environments, it is important to note that researchers have identifestning

virtual process itself whiclshows that students can study topics related to virtual processes
themselves. The main facts about learning virtual process itselfudgss learn not only the
theoretical methods, but also structure of technical systems and technological processes on
the models; consequently they will be better prepared for practical professional work. b)
student learns virtual process itself but doest description of the process. In addition, the
student is exploring the virtual software environment in which this process can be improved.
The use of such methods of learning allows you to increase the interest of students, and also
to prepare them forprofessional career. In addition, detailed analysis of the processes and
risks that may arise, will allow students to avoid injuries later. These activities allow students
to delve into a topic before hand, even though it has not yet been covered in @rdéeot

tutorial.

C) As can be seen, the latter approaches particularly highlight the role of students as learners
in virtual space. Sstudents as Expertis other educational method which can be applied in
virtual reality. Students may have more time andterest to dive deep into projects or
technologies, quickly becoming experts relative to the educators supporting them. This is an
amazing opportunity to build their confidence and identity as valued contributors within the
institution (S. Silva, E. C. Rarinho, etc., 2017). Individual students, classes, or clubs can
identify compelling applications, models, and technologies, and introduce them to educators.
They can also support educators directly by setting up stations, facilitating sessions, creating
quickstart guides, and mapping out alignment between learning objectives and applications.

Skill movement during students practice. Skill is a kind of movement system, which can
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perform some tasks acquired through practice. Skills can be divided int@apyriskills and
technical skills according to their skill levels. Primary skills indicate unskilled, and the primary
skills are purposeful, and through repeated practice to automate operations and achieve skill
level. According to the different charactdics, it can be divided into writing, cycling and
other motor functions and arithmetic, writing and other intellectual functions. In the process
of forming skills, various skills and actions affect each other. It can be said that if skills promote
the formation of new skills, it is called skill movement. If an established skill hinders the

formation of a new skill, it is called a skill disturbance (Q. Zhang, Ke Wang, Sheng Zhou, 2020).

D) Another important educational method Bipped Classroomwvhen students first study a

topic and then discuss it in lectures. This way of learning encourages students to think
independently, promotes setfirect learningThis model of lectures or readings as homework
and group work or handen activities in class is a gtd# for immersive learning. It allows
class time to focus ooollaborative, social activities like multiplayer games or preased
learning,access to technology and space students may not have at home, and individual or
smallgroup guidance from edators. The flipped classroom is a change in the sequence in
which activities are done by which students interact with the course materials. In the flipped
classroom, students preview the course materials before class so that they can do a part of
their homework and other learning activities in class (workshop). Also lesson materials can be
available to students before class, including digital content and short videos. Preparing
students before class or supporting them after class one by one is not easdiplgoin large
classes (M. Samad, E. Sepasgozar, 2020). T. Dombrowski, St. Dazert, St. Volkenstein (2019)
notice that the flipped classroom and the virtual reality seem to have a particularly high
potential. According to scientific literature, flipped st@oom can be integrated in virtual

reality.
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1.4.1. Learning between others in synchronic/asynchronous collaboration

Group learning is important educational activity which can be applied in virtual reality. M.
Samad, E. Sepasgozar (2020) notice that sofmthe most important knowledge we gain
R2SayQi 0O2YS FTNRBY gKIFG 6S KSIENI FNRBY SO0 dzNB N
education gives the opportunity to make learning experiences social by allowing students to
communicate with each other. Ugjravatars and mapped facial expressions, people can come

together to discuss, synthesize, and learn from one another.

A)DNR dzLJno I a SR Sonbigf af YRR §FSSKaRAT OAYy3I GAGK 2LIS
KFyRam2y LINZ 2 S 0l anminigaionsiMShnyad, ENBefaggoZaR (2020)

mention group Wiki Project (GWiPyhich is offered as an essential tool for doing an online

group project. The GWIP is one of the necessary tools of Web 2.0 that provides spaces to write

by students of thegrowd Ay | ¢gSom o6FaSR aStGidAy3aed LG Aa
constructive activity and constitutes active learning in which students build an individual
NBLINBaSydal A2y 2F GKSANI {y2¢ftSR3IAS o0l asSR 2y
E.Sepasgozar (2020), group Wiki Project is an innovative group project online template, which

was designed for students to do their group projects together. Importantly, the teacher
becomes a tutor who advises, supports and assesses, as M.Samad, E. Se|(28g0xaay,

give them relatively quick feedback, and increase the quality of their group project at the

global level. GWIiP was perceived as useful technology helping students to prepare their group
projects (M. Samad, E. Sepasgozar, 2020). In other wvtloiglgroupbased learning method

can be described a@ole Play Projeds an innovative group project online template, which

was designed for students to do their group projects together, where tutors and other
AYaGNHzOG2NE O2dz R NBYARAGZNY SO IRSYPK ABDNB &N O KFY
(as a scenario base/role play based) and uploaded it on YouTube (M. Samad E. Sepasgozar,

2020).
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B) Laboratory tasksare a powerful pedagogical strategy for developing competences in
science and engineeringedrees, making students understand in a practical way the
GKS2NBGAOFE (2LA0& SELX-LaAaYSRBRI Xy[CHNBSI Df-t 628 R 2
Mora, 2018).Virtual laboratories capable of simulating typical operating environments as

well as extremesituations in the operation of different devices. A typical subject in which
students can benefit from the use of virtual laboratories is robotics. Virtual reality has proven

to be a powerful tool to achieve sustainability, making it easy to update |&twoea without

GKS ySSR G2 I OljdzA NB -lydts3 Slj0zZA-CHIBYIID oMdip® a2 X NIy
2018).Today it is possible to provide experimentation environments for users for learning
scenarios. This is used if a learning scenario is usualtessible, e.g. due to safety reasons

in potentially dangerous environments. VR technology generally supports the idea of
providing simulated environments for hands experiments as an additional learning
material. Itis known that VR technology generallgnbfits the learning experience of a
student. The same holds for the didactic mediation of purely theoretical knowledge, e.g.
abstract knowledge that is put into perspective by a practical example. (M. Schluse, M.
Priggemeyer, J. Rosmann, 2020). To furttlevelop the idea of virtual laboratories, it is
important to note that the virtual experiment system provides students with a rich, efficient,

and expansive experimental experience (Ch. Hao, A. Zheng, Y. Wang, Bo Jiang, 2021). Virtual
laboratories also ply an important role in Ch. Hao, A. Zheng, Y. Wang, Bo Jiang (2021), when
analysing digital circuit 3Rirtual online laboratories, authors mention the purpose which is

to complement the limitations of existing physical laboratories, not to replace thdms. T

study also shows that virtual laboratories are designed to that students will have possibilities

to complete involvement in all aspects of the experimental design process, including
experimental strategies, data analysis, and interpretation, along waithiterative design
process. Also important to mention that the software application includes a 3D student client
with a simulation environment, a welbased teacher interface with an integrated assessment

tool, and a database server with a calculation ieeg This application also has an integrated

assessment tool that can be used directly to support formative and summative evaluation.
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On the other hand, compared with the traditional course, the control group experiment
shows that the blended program givestter results in the learning effects, such as higher
rate of attendance, lower rate of course dropout, and higher scores on exams. Most students
considered the virtual laboratory to be an attractive and effective learning medium.
Furthermore, teachershink that the flexible and convenient learning mode brought by the
virtual experiments is helpful for students to think and study actively and independently (Ch.
Hao, A. Zheng, Y. Wang, Bo Jiang, 2021). M. Schluse, M. Priggemeyer, J. Rosmann (2020) also
mention innovative aspect of the Virtual Robotics Lab concept. It enables fwands
experiments for Industry 4.0 technologies and systems in-tresd, interactively and yet
safely, consistently setfontrolled, without special requirements on hardware andde
devices while using highuality visualizations and interactive simulations. In the context of
blended learning and Experiential Learning Theory (ELT), the Virtual Robotics Lab thus
provides an effective and efficient format of digital teaching (M. &l M. Priggemeyer, J.
Rosmann, 2020)

C) Teamwork means working together and learning from each other. As can be seen, virtual
teams are also encouraged in the virtual woN@rtual project teamis due to the fact that

many students will work in global companies. This means that often their professional
activities will be associated with the work of the global team. So, preparation for working in
global teams when working on projects is importaAs members of project teams can be
geographically separated, they must be taught to interaction, working in a virtual project
team. It models real world global virtual teams and introduces students to the social
interactions through virtual communicatiotechnologies needed to successfully use their

engineering skills (S. Morley, K. Cormican, P. Folan, 2015).

Additional information related to theoretical and conceptual framework can be found in

Annex 1 While, framework for Virtual Reality Platform i€pented inAnnex 10
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2.1. Methodology of didactic content development

Scenarios development process is based on possibilities of existing robot laboratories, since

the blended education is planned to be implemented.

Therefore, the fist step is to design a Virtual Reality Tool (VRT) which can be a virtual copy of
the laboratory and its equipment or contain only the components used in the educational

process of the target teaching modules.

The VRT designing and the scenarios development process is closely relatethterided

Learning Outcomeg§lLOs) which are going to be achieved in the educational process.

The ILO consists derb + Content+ Context(Figure 4. Verb represents what stient will

know or what student will be able to do after the teaching process. Verbs are connected with

six major categoriesknowledge Comprehension Application, Analysis Synthesis and
Evaluatiors 1y 26y | & . f Bidgu 9.ao achiekethe MYid thededucational
process Teaching and Learning Activities (TLA) are designed for the process. Then, Assessment
Tasks (AT) are created to check the ILOs achievement by the students. Relationship between

an Intended Learning Outcome, verb, TLA andrApiesented irFigure 6
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has content is context of

is content of has context

has object hasverb isverb of

has domain

is object of is domain of

Figure 4¢ Relationship between Intended Learning Outcomes and its constructive elements.

Adopted from: Maffei A., Daghinia L., Archentia A., Lohseb N. (2016), CONALI Ontology. A Framework for Design and ddvaluation
Constructvely Aligned Courses in Higher Education: Putting in Focus the Educational Goal Verbs. 26ths@iiREderence. Procedia
CIRP, vol. 50, s. 7652.
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Evaluation

Synthesis

Analysis

Application

Figure 5¢ Bloom Taxonomy.

Adopted from: Bloom, B. S. (1994). "Reflections on the development andf tise taxonomy". In Rehage, Kenneth J.; Anderson, Lorin W.;
Sosniak, Lauren A. (eds.). Bloom's taxonomy: A-fgety retrospective. Yearbook of the National Society for the Study of Education. 93.

Chicago: National Society for the Study of Educatid®NI$7447984.
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is addressed by

address is tested by

il hasverb isverb of

is base of

is based on

Figure 6¢ Relationship between Intended Learning Outcomes, verb, TLA and AT.

Adopted from: Maffei A., Daghinia L., Archentia A., Lohseb N. (2016), CONALI Ontology. A Framework for Design and ddvaluation
Constructively Aligned Courseshiigher Education: Putting in Focus the Educational Goal Verbs. 26th GHRih @enference. Procedia
CIRP, vol. 50, s. 7652.

The procedure of scenarios development consists of the following steps:

Step 1¢ Development of Intended Learning Outcomes €).0

Step 2 Assessment of possibility to introduce blended education (BE) to achieve chosen ILOs.

Step 3¢ Scenarios development with indicated Teaching and Learning Activities (TLA).

Step 4¢ Development of Assessment Tasks (AT) for the ILOs.

The resultof the presented steps are described in the following sections. The procedure was
implemented for tdo educational modules: Industrial Automation in Politecnico di Torino

(POLITO) and Basics of Robots in Politechnika Rzeszowska im. Ignacego Lukastiyicza (P
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2.2. Didactic contentTeaching and Learning Activities and Assessment tasks for
POLITO case study

The student workshop is concerned with industrial applications of collaborative robots and
make use of the dual arm robots and of the mobile manipigFigure §. The dual arm

robots are relatively small and it is difficult for numerous students to observe properly the
work area. The mobile robot is moving around the laboratory and it is still harder to properly

follow during it work path.

Figure 7- Dual arm robots in POLITO

Table 1presents Intended Learning Outcomes for Industrial Automation. Details related to

the didactic content are presented later in this chapter and inAm@ex 2

The ILOs of Industrial Automation are implemented in the pr@gented inTable 2
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Table 1c A set of ILOs for Industrial Automation

ILOs- Industrial Automation

Additional explanation

ILGIA-1: Understanding the structure ar

performance of industrial robots

Theory

ILGIA-2: Application of robots to selecte

industrial processes

Laboratory demonstration of industrig

processed executed by robots

ILGIA-3: Programming industrial robot

online, offline

Laboratory demonstration of online, offlin

programming

The students will create a simple progrg

using manuhguidance

ILGIA-4: Application of collaborativ

robotics

1 ¢ speed and separation monitoring

laboratory demonstration

2 ¢ power and force limiting: students try t
collaborate with a robot in the execution (

a collaborative assembly
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Table 2¢ The ways of ILOs implementation for Industrial Automation

ILOs- Industrial Automation

Way of implementation

(in VR, inreality, seff ST Ny Ay 3AX0

ILGIA-l: Understanding the
structure and performance o
industrial robots

Teaching of theory about robotonfiguration and
expected performances by using online documer
textbooks, video clips

ILGIA-2: Application of robots td
selected industrial processes

Laboratory demonstration of industrial process
executed by robots.

This step will continue in a vae group arrangemen
with the teacher leading the class like in Step 1,
with the focus changing from preeaching to activity,
In this step, students will become immersed in
environments and take part in authentic exploratior

Virtual projectteams. Thestudents of this course ar
working in a global company. Their professio
activities will be associated with the worktbe global
team.

Practical experimentg; reallife situations. A Virtual
Reality environment project allows students
connect to reallife situations. This method will be
applied in simultaneous virtual, physical and rem
virtual reality.

ILGIA-3: Programming industrig
robots: online, offline

Selected students will program online through man
guidance with replicatio in VR for the remotg
students.

Offline programming will be executed in self learn
by all students using robot simulator software

ILGIA-4: Application of

collaborative robotics

Virtual project teams.Thestudents of this course ar
working in a globk company. Their profession;
activities will be associated with the worktbk global
team.
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ILOs- Industrial Automation

Way of implementation

(in VR, inreality, seff ST Ny Ay 3AX0

virtual reality.

Practical experiments; real-life situations. A Virtual
Reality environment project allows students

connect to realife situations. This method will beg
applied in simultaneous virtual, physical and remg

Teaching and Learning Activities related to Industrial Automation are preseniebie 3

Table 3¢ Teaching and Learning Activities (TLA) for Industrial Automation and F2F

laboratory

ILOs -
Automation

Industrial

Teaching Activity

Learning Activity

ILGIA-1: Understanding
the structure and
attainable performanceg
of industrial robots

TA 1.1Explain and detail the mai
theoretical topics such &
principles of automation, wor}
cell, collaborative robot,
characteristics and difference
with respect to traditional robots
safety and ergonomic issues al
standards (Video)

TA 1.2: Ask students to namg
different structures and possibl
applications and to highlight thei
potential and limiations. Clarify,
the named methods one by on
and add the unmentioned
methods.

LA 1.1: Listen to the
explanation, take notes
and ask questions.

LA 1.2: Name different
structures and possiblg
applications and tg
highlight their potential
and limitations.

ILGIA-2: Application of
robots to  selected
industrial processes

TA 2.1: Describe the different
manufacturing processes wit
reference to their possibility o
automation.

LA 2.1: Listen to tke
explanation, take notes
and ask questions.
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ILOs - Industrial | Teaching Activity Learning Activity
Automation

TA 2.2Describe the procedure fg
executing robotized processes

TA 2.3:Explairthe pro and cons 0
manual, collaborative an(
automatic approaches to ever
production process

TA 2.4:Execute examples and re
applications of industria|
automation of real cases an
examples of collaborativg
applications (F2F + VR)

ILGIA-3: Programming
industrial robots: online
offline

TA 3.1 Provide simulation by
practical exercise on software ar
code generation.

TA 3.2:Provide number of divers
application cases and ask studer,
in group to select one case. Ea
group must select suitably
programming method anc
develop the  corresponding
program.

TA 3.3:Ask each group to presel
the case and the solutior
Encourage students to ag
questions. Explain the idei
solution of each case

ILGIA-4: Application of
collaborative robotics

TA 4.1 Set brief and provide
ongoing feedback on Project wor
Students are organized into grouj
and provided with a real cas
study project.

LA 2.1:Write in a short
paper the differenceg

among traditional
autonomous
collaborative robots.

and
or
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ILOs - Industrial | Teaching Activity Learning Activity
Automation

TA 4.2 Ask the students to write i
a short paper about whaare the

LA 2.2: Listen to the
explanation, take notes,

differences between traditiona
and collaborative robots

and ask questions.

TA 4.3:Explain the basic elemenf
of ISO TS 15066 and how can
designed robot workstations fo
every specific collaboration leve
' yagSNI I ye & dzA

LA 2.3: Execute the VH
demonstration and apply
it in an ongoing step by
step. Seek help fo
unclear step

TA 4.5: Set a coursework of
developing simple assemb
operation using a collaborativ
robot programmed with the helg
of manual guidance.

Finally, the assessment tasks fodustrial Automatiorare listed inTable 4

Table 4¢ Assessment Tasks (AT) for Industrial Automation

ILOs- Industrial Automation Assessment Tasks (AT)

ILGIA-1: Understanding the structure an ATIA-1: No assessment

performance of industrial robots

AT-IA-2: Execute the VR demonstration a
answer to the questions about the selects
industrial processes

ILGIA-2: Application of robots to selecte
industrialprocesses

ILGIA-3: Programming industrial robot
online, offline

ATIA-3: Program a collaborative robot f
execute an assembly task

ILGIA-4: Application of collaborative

robotics

ATIA-4: Write a paper on cobots
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2.3. Didactic contentTeaching and Learning Activities and Assessment tasks for PRZ

case study

The scenario of PRZ presents the machining process of grinding the vehicle rinobased

programmed path of processing made by industrial rolsag@re §.

aace 201 Lo’ N 0] SO

12 Force Serecr 650 RB2800/ 2600
SRR ENC N

T Re20_16_150_02

P IRBP_A250_D1000_M2009_REVY_01
s MyNewTool

7 N Weee

0ot !
O oy <

Figure 8¢ View of ABB robot digital twin with workpieesteel wheel rim of a vehicle

Table 5presents Intended Learning Outcomes for Basics of Robots. Details related to the
didactic content are presented later in this chapter and in &rnex 2 The ILOs of Basics of

Robots are implemented in the way presentediable 6

Table 5¢ A set of ILOs fdBasics of Robots
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ILOs¢ Intended Learning Outcomes

Additional explanation

ILOBR1: Has knowledge of basic issues in the f
of robotics, which allows to understand tk

problems of robotization.

Theory

ILOBR2: Obtains information from the literature i
order to understand the state of the art in the fie

of robotics.

Theory

ILOBR3: Applies selétudy and understand th

need for upskilling in the field of robotics.

Theory

Laboratories demonstration

ILOBR4: Perceives and understands social asp

related to robotization.

Theory

Laboratory =~ demonstration 0
industrial processed executed |

robots

ILOBR5: Designs a robotic system for a selec

application.

Laboratories demonstration with th

use of computer programs
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ILOs¢ Intended Learning Outcomes

Additional explanation

The students will design a simp

robotic system for selecte
application
ILOBR6: Selects and applies approprial The student will apply appropriaf]

computational, analytical and simulation metho

to the designed robotic system.

methods to analyze a robot

system.

Table 6¢ The ways of ILOs implementation for Basics of Robots

ILOs ¢ Intended

Outcomes

Learning

Additional explanation

ILOBR1: Has knowledge o
basic issues in the field ¢
robotics, which allows tc
understand the problems o
robotization.

Theory

For the theoretical part there are proposed seve
activities, which ca be performed in virtual, physic:
and mixed reality depending on the activity itself.

Preteaching includes starter  activities or us
textbooks, video clips, or other mediumdt can be
combined with quizzes and interviews. Motio
tracking systems and stereo soundnstructors will
deliver preteaching to the whole class before enterir
the VR experience.

ILOBR2: Obtains information
from the literature in order to
understandhe state of the art in
the field of robotics.

The information can be provided in VR, or video form
for better understanding

Preteaching including starter  activities or us
textbooks, video clips, or other mediumdt can be
combined with quizzes andinterviews. Motion
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ILOs ¢ Intended Learning Additional explanation
Outcomes

tracking systems and stereo soundnstructors will
deliver preteaching to the whole class before enterir
the VR experience.

Group learning when VR education gives th
opportunity to make learning experiences social
allowing studats to communicate with each othe
Also this activity can be performed in physical or mi
learning.

Learning virtual process itselfThe advantages of thi
methodology of learning are that student learns virty
process itself but does not descriptiai the process
This method is more informative.

ILOBR3: Applies seltudy and
understand the need fo
upskilling in the field of robotics

Selfstudy in VR environment

Learning virtual process itselfThe advantages of thi
methodology of learning arthat student learns virtua
process itself but does not description of the proce
This method is more informative.

Raising questions and virtual test#.can be organize(
in a virtual space, but there must be a virtual tutor w
answers the questionssé&ed.

Stimulation peerto-peer discussions.

ILOBRA4: Perceives
understands  social
related to robotization.

an(
aspec

Threats connected with robotization discussed dur
lectures.

Various media material provided both in VR an
physical environment

Raisng questions and virtual tests.
Group, peer to peer discussions.

Learning virtual process itselfThe advantages of thi
methodology of learning are that student learns virty
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ILOs ¢ Intended Learning Additional explanation
Outcomes

process itself but does not description of the proce
This method is morenformative.

ILOBR5: Designs a roboti
system for a  selecte
application.

In the Virtual Robotics Lab at the beginning and
possible after some practice in VR, then in physi
laboratory.

Virtual project teams.The importance of this area
due to the fact that manytudents will work in global
companies. This means that oftdheir professional
activities will be associated with the work thie global
team.

Simulation modelling creating virtual modelé&nother
method, that allows optimizing the functioning of larg
systems, is simulation modeling. Special simulaf
software allows creating virtual models of the proces
that similar the real processes of the production syste

Practical experimentsg real-life situations. Virtual
reality environment projects allow students to conng
to reatlife situations.

ILOBR6: Selects and applie
appropriate computational
analytical and simulatior,
methods to the designed roboti
system.

The student will apphappropriate methods to analyz
a robotic system.

Inteacherled small groupsinstructors guide student
through consciously reflecting upon the \
experiences.

Modeling and simplifying problems through

Abstraction methods.

Virtual project teams.The inportance of this area is
due to the fact that manywtudents will work in globa
companies. This means that ofteheir professional
activities will be associated with the work thie global
team.
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ILOs ¢ Intended Learning Additional explanation
Outcomes

In the Virtual Robotics Lab at the beginning and
possibe after some practice in VR, then in physig
laboratory.

Simulation modelling creating virtual modelé&nother
method, that allows optimizing the functioning of larg
systems, is simulation modeling. Special simulai
software allows creating virtual meds of the processe
that similar the real processes of the production syste

Practical experimentsg real-life situations. Virtual
reality environment projects allow students to conng
to realtlife situations.

Teaching and Learning Activities relate Basics of Robots are presentedable 7

Table 7¢ Teaching and Learning Activities (TLA) for Basics of Robots

TLAs Basics of Robots Additional explanation

TLARRL: Introduction: basic concepts ar| Lecture
definitions of automaton, automation
manipulator, robot, robotization ¢ | Theory

classification and applications. ) )
To introduce students to the field d

robotization.

Application examples, including industr
applications.

TLARR2: System thinking: (1) workpieq Lecture
processing automation, (2) control
properties in open circuit and wit|] Theory
feedback, (3) work with devices supports

by robots. Explaining diagrams
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TLAs Basics of Robots

Additional explanation

TLARR3: Components and construction
robots: basic robot systems.

Lecture
Theory
t NBaSydl (Acdryporris NP ¢
Laboratory presentation

Power system, control system, motig
system

TLARRA4: Classification of robots accordif
to the following criteria: geometrig
properties, area of application.

Lecture

Theory

TLARRS: Grippers. Classification

grippers: force grippers, grippers with sti
and flexible tips, vacuum grippers, magne
grippers, shaped grippers. Equipment 1

grippers.

Theory

Presentation of the types of grippers af
their possible applications.

TLARRG: Linear drives of robots. Wa\ Lecture
gears.
Theory
TLARR7: Sensors and motion limiters | Lecture
manipulators and robots.
Theory
TLARRS: Construction and application ¢ Lecture
robots of the following classes: PPP, O
OOP, OO0 Theory
Presentation of the construction

movements and working space of robots.

TLARR9: Robot control layers

Lecture

Theory
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TLAs Basics of Robots Additional explanation

TLARP10: Industrial robots. Robots simil{ Lecture

to mammals, reptiles and amphibians.
Theory

Presentation of examples of robots.

TLARRL11: Intelligent materials inobotics. | Lecture
Theory

Application examples of intelliger
materials in robotics.

TLARR12: Homogeneous transformation.| Lecture
Theory

A way of writing position and orientation i
space using a matrix.

TLARR13: Modeling, calculating, designiri Group project
a selected gripper along with the selectic

of sensors, drives and control systems| Design of a gripper system in the select
well as simulation of its operation. application and simulation of its work on th

basis of the provided gripperatjram.

Finally, the assessment tasks fodustrial Automatiorare listed inTable 8

Table 8¢ Assessment Tasks (AT) for Basics of Robots

ILOs- Basics of Robots Assessment Tasks (AT)

AT-RR1: Test at the beginning of th
TLARRL: Introduction: basic concepts ar |aboratories

definitions of automaton, manipulator, robot
robotization¢ classification and applications.
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ILOs- Basics of Robots Assessment Tasks (AT)
TLARR2: System thinking: (1) workpieq AT-RR2: Test at the beginning of th

processing automation, (2) control properties
open circuit and with feedback, X3work with
devices supported by robots.

laboratories

TLARR3: Components and construction of robot
basic robot systems.

AT-RR3: No assessment

TLARR4: Classification of robots according to t
following criteria: geometric properties, area (
application.

AT-RPR4: Open questions

TLARRS: Grippers. Classification of grippers: fof
grippers, grippers with stiff and flexible tip
vacuum grippers, magnetic grippers, shap
grippers. Equipment for grippsr

AT-RP5: Discussion with students

TLARRG: Linear drives of robots. Wave gears.

AT-RR6: Discussion with students

TLARR7: Sensors and motion limiters

manipulators and robots.

AT-RR7: Discussion with students

TLARRS: Construction an@pplication of robots of
the following classes: PPP, OPP, OOP, OO0

AT-RR8: Test at the beginning of th
laboratories

TLARR9: Robot control layers

AT-RR9: Discussion with students

TLARR10: Industrial robots. Robots similar
mammals, reptiles andmphibians.

AT-RR10: No assessment

TLARRL11: Intelligent materials in robotics.

AT-RR11: No assessment

TLARR12: Homogeneous transformation.

AT-RP12: Discussion with students
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ILOs- Basics of Robots Assessment Tasks (AT)

TLARR13: Modeling, calculating, designing | AFRP13: Open questions
selected gripper along wittine selection of sensorg
drives and control systems as well as simulatior
its operation.

The VR tool developed in the frame of the JANUS project support the education process.
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The following section describes the implementation of virtual reality for blended learning
activities for robotics education at universities. As mentioned before, the JANUS project was
applied to two courses implemented at the Poitechnika Rzeszowska inacdgo
Lukasiewicza (PRZ) in Poland and the Politecnico di Torino (POLITO) in Italy. The course in
Poland covered the subject BasicsRubots, while the course in Italy covered Industrial
Automation. The topics described of integration of virtual realitp the educational process

for the above courses are presented below in the following steps:

1. General information on the project and teaching about robotics for the research case study,

types of applications for synchronous, asynchronous mode.
2. Desaption of the scenario implemented in Poland for the asynchronous learning mode.

3. Description of the scenario implemented in Italy for synchronous / asynchronous learning

mode.

4. Evaluation of the learning process for the example platform, visualizatitme progress

of students' work.
5. Example of a teacher intervention plan.
3.1. General information

In order to satisfy the requirements defined to realize blended learning scenarios for the

teaching of Robotics, both for the POLITO laboratory andPR& laboratory, a wellased

JANUS:®edagogy and Virtual Reality Based Robotic Blended Education

Project No 202-PL01KA226HE095371




B - Lt Co-funded by the
W Erasmus+ Programme

of the European Union
JANUS

architecture has been designed, trying to make the configuration simple and flexible by the

teacher, also based on future needs and developments.

From the user point of view, a simple, intuitive, and effective GUI (Graphsesillbterface)
allows students to connect and interact with a virtual 3D environment in remote mode and

also in real time during laboratory activities. A web server hosts the 3D VR platform.

It consists of a standalone webGL Unity app that integrates Eh®R scenarios based on the

two use cases made available by the laboratories of POLITO and PRZ.

In this way, using Virtual Reality, it is possible to achieve the objectives and benefits which
are of primary importance in blended learning, not only in aostieaching context, but also

in the industrial field:

O«

Learning at a distance,

O«

Improve user learning and engagement,

O«

Gaining knowledge and skills in less time from performing actions in a simulated

environment,

O«

Explore and interact with the virtual envinment safely,

O«

Equipment availability,

O«

Accurate recreation of the realorld aspects,

O«

Greater effectiveness in visualizing and explaining complex operations to the user,

O«

Simpler and more intuitive learning mode,

O«

Reduction of training times and costs,

O«

Easyintegration into LMS and into the Company Academy,

O«

Apps usable on desktop and browser.

The created platform for selflended learning education for students can be separated into
two parts: VR tool and ViLLe assessment platform for knowledge evaluatiaterss and

teachers for the pilot study obtained their own credentials to log in to the services.
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The VR tool can be separated into the following categories:

0 Asynchronous mode of robot simulation of PRZ, access under the link:

https://rzeszowlab.herokuapp.com/html/login.html

0 Synchronous and asynchronous mode of robot simulation of POLITO, access under

the link: https://polito -lab.herokuapp.com/html/login.html

Asynchronous scenarios are dedicated for blended learning mode in case of:

O«

Difficulties in attending real classes (e.g., COVID issues),

O«

Preparation for realworld classes, especially in terms of security and tool
knowledge,

0 Additional homework as an expansion of the knowledge possessed.

Asynchronous scenarios are a full online web application experience. The synchronous mode
is moreinteractive, and a teacher is needed to perform such classes. In that case, robot
movements performed by teacher in the class can be seen in VR tool by the students in web

application, and the teacher can explain and assist students in that case.

The firststep is to log in to the VR tool using user credentiigure 9.

Login

Username

Password

Figure 9 Login window for the VR tool
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interact with the simulationKigure 10.

Control instructions

w Show cursor naa Moving
aa Move camera up/down n Reset camera position

@ Rotation @ Zoom infout
al
e Activate scene

Figure 10 Manual from the VR tool

Process of development and the detailed description of the VR tool are presenehex3

and Annex 11 The descriptions of both created scenarios are given below. The general
scheme of the JANUS project steps to perform the redear presented ifrigurell. More
information is presented inPAnnex 4 Detailed information regarding the pilots study is

presented inAnnex 12
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Figure 11- General scheme of the JANUS project research conducted on students of

selected courses
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3.2. Description of the asynchronous scenario implemented in PRZ

The PRZ scenario assumes an asynchronous simulation in which students participate in the

VR experience in their homes. Simulation is the reflection ofweald robotic laboratories.

The laboratry includes a robotics station equipped with an ABB IRB2400 robot and a vision
system Figure 12.

,,v-/..::

A e L il

Y
'.1'"1

Figure 12 View of ABB robot with workpiecesteel wheel rim of a vehicle
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The scenario assumed the use of an ABB robot with workpiece, which is the vehicle rim. The
second scenario assumed the workpiece as a piece of steel. At the beginning of the class,
students become familiar with the safety instructions and tools thatlvellused to perform
laboratory work. Performing such classes in a group of 15 students, which is an average
number of students in one group, could be a danger and influence the safety of the students.
In that case, the use of the developed blended lear@ipgroach could be beneficial to both
teachers and students. For instance, teacher can divide the group into two smaller groups,
e.g., 7 and 8 students, and part of them will participate in-watld classes and the rest will
experience VR tool; in that sa we can consider this approach as blended. Furthermore,
having 15 students in small laboratory can influence the robot performance, because of

sensors which stop the robot when people will be in range of them.

Blended learning also means that in tlewent, e.g., some COVID lockdown when the
university laboratory can be closed and also in some other circumstances, the students will
have the opportunity to participate in good quality robotic classes that can partly replace the
real one, or they can justupport their knowledge at their homes (work on digital twin
robots). Virtual learning activities will act as a replica of the procedures and techniques that

students follow under normal circumstances in the physical classroom (laboratory).
The main parbf the development of the robotics VR scenario can be divided into two stages:

1. Physical robot located in PRZ laboratory performing the grinding process of vehicle rim

grinding or steel workpiece.
2. Replica of the physical robot within the VR platform.

The scenario presents the machining process to grind the rim of the vehicle based on a
programmed processing path. The second scenario assumes the grinding of the steel
workpiece. At the beginning of the course, the students are introduced to the gersdedys

rules in the laboratory (safety systems used for robot operation). Then the lecturer introduced

the students to the abrasive coated tool used for machining, and the characteristics of the
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robot arm (degrees of freedom, kinematic pairs, structure,)etd@he machined part, i.e., the

steel wheel rim of the vehicle and steel workpiece, is showfigare 13

Figure 13 Workpiece machined by ABB rolmpa) vehicle rim b) steel workpiece

The features of the created VR tool for PRZ asynchronous sogaaei below (also presented

in Annex 4.

/] £t A0l 2y GKS Z{dI Nln odzidz2zy (2 Sylof$S LINER
/| £tA01 2y GKS WOEAGQ odzitizy G2 ljdAado

O«

O«

The main windows of the VR tool are presente&igurel4
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[ st oo | Asynchronous mode

== S04
Janus Project n

Figure 14 Main window to view the PRZ VR scenario

0 The students have the opportunity to explore the environment by clicking on

interactive items Figure 19,

O«

Some parts are highlighted and blink,

O«

Click on parts to view relative information,

/ fA0] GKS WvdzSaldAzyaQ odzidz2y G2 GIF1S GK

O«

== B

Stop button !ll Pressing it will
interrupt  the  safety  circuit
immediately. The robot and other
electrospindle  devices will be
stopped immediately. Its use is
allowed only in  hazardous
situations. It should not be used to
stop a robot cycle.

Figure 15 Interactive items, example of a safety button next to the entrance to the lab
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There are 3 interactive items in the simulation with the indicated number of questions

related to it Figure 19:
- Safety button next to the entrance to the lab (3 questions),
- Main switch and remote control (4 questions),
- Internal brake release unit (3 questions)

So, before the Start button is available to click for students, they have to deal with all of the
interactive devices described above. Each of the devices has aptiescim the beginning

after clicking on it, and then students should click the Question button and answer. They have
to answer 10 questions. The answer time is recorded and also the click number to choose the
correct answer. In that way, the tool recorgarameters for later learning analytics purposes.
After answering all the questions, the students can go through the simulation of grinding the

vehicle rim.
To choose the answer, they can click and interact Witgure 17:

- Check the right response,

- Ul FYNYNn G2 adoYAlo

Figure 16 Interactive devices: a) safety button, b) main switch, c) Internal break release unit

JANUS: ®edagogy and Virtual Reality Based Robotic Blended Education

Project No 202-PL01KA226HE095371




V)
)

Co-funded by the
Erasmus+ Programme
of the European Union

JANUS

Figure 17- Example of questions window before simulation starts

Example questions related to the interactive device of the safety button are presented in
Table 9
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