Virtual Reality
Applied to

School Education

WHITE BOOK

VIRION

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

A o |Vab=
+A
: =
X
== b4 Yy
[+]-]
x[=]

Co-funded by Erasmus+
the European Union

Enriching lives, opening minds.
o
o060

Universidad LUT / HafenCity DDDDDDD]D]D rem | um Se | e
Rey Juan Carlos ' ¢ University n C U Hambrg. IHHHI p p

Hamburg

~UAP CMMEOH BEJ'II/IKI/\‘ Clne

Ay, TLeroOCK



This confent was published by VIRION consortium under the CC-BY-SA-4.0 license.

©N0lo

This license enables reusers to distribute, remix, adapt, and build upon the
material in any medium or format, so long as attribution is given to the
creator. The license allows for commercial use. If you remix, adapt, or build
upon the material, you must license the modified material under identical
terms. CC BY-SA includes the following elements:

(® BY: credit must be given to the creator.
(® SA: Adaptations must be shared under the same terms



VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

Roncero, R; Santin, M,; Garcia Marin, D., & Mora, V. (Eds.)

Virtual Reality
Applied to
School Education

A NN\

VIRION

URJC, Universidad Rey Juan Carlos (ES)

A NN\

HCU, HafenCity Universitat Hamburg (DE)
LUT, Lappeenranta-Lahti University of Technology (FI)
TSV, Tsar Simeon Veliki Secondary school (BG)

Premium Cine, Educational VR-content producers (ES)

Unversidad ¢ LUT ) Wi premium
Rey Juan Carlos .)t University nCU Hoprnat e cine

LJUAP CI/IMEOH BEJ‘II/IKM

This publication has received funding from the European Union Erasmus+ program un-
der agreement 2022-1-ES01-KA220-SCH-000089414.

This document reflects the views only of the authors, and the European Commission
cannot be held responsible for any use which may be made of the information contained
therein.

ISBN: 978-84-09-70416-3

February, 2025

www.virion-project.eu

Co-funded by Erasmus+

the European Union Enriching lives, opening minds.




INDEX

- Introduction
1. Literature review

2. The future of the
classroom

3. Methodology
4. Results

5. Recommendations
and user guide

6. Lesson Plans

14

24
28
L

68
76



VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION



INTRODUCTION

H008 JLIHM

Introduction

Objectives of the guidelines

This document is the result of an inter-disciplinary piece of work carried
out in the context of the Erasmus+ project "VIRION - Virtual Reality Ap-
plied to School Education”, n.° 2022-1-ES01-KA220-SCH-000089414. This
initiative explores the use of Virtual Reality (VR) as an innovative educa-
tional tool aimed at transforming the teaching and learning of the STEM
disciplines (Science, Technology, Engineering and Mathematics).

The content presented her is the product of a rigorous process involving
research, software development and testing and analysis of results, car-
ried out in four countries - Germany, Bulgaria, Spain and Finland - by five
European members, each providing their own experience in education
and technology.

» URJC, Universidad Rey Juan Carlos (ES)

» HCU, HafenCity Universitat Hamburg (DE)

« LUT, Lappeenranta-Lahti University of Technology (Fl)
TSV, Tsar Simeon Veliki Secondary school (BG)

» Premium Cine, Educational VR-content producers (ES)

With the aim of promoting the use of VR in the field of education, this
document has been designed to support teachers and students of 14 to
16 years old in the acquisition of technical, digital and teaching skills. The
purpose is not only to improve learning in the classroom but also to guide
young people towards a more deliberate and creative use of the technol-
ogies which they already know (such as video games and social networks).
In this way, we have sought to enable users to adapt to an ever-changing
digital environment and contribute to the training of responsible digital
citizens.

Efforts must be made to close the gap in the field of education when it
comes to the integration of emerging technologies such as VR. For ex-
ample, although this tool has significant potential for education, many
people in a leading role in education are unaware of what resources are
at their disposal or how they could be used effectively. In addition, the
inequality of access and lack of specific teaching limit its use in the class-
room. This study seeks to tackle those deficiencies by providing a clear
methodology, teaching tools and access to specialized content in order to
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help teachers, education managers and politicians to
implement VR in their education strategies.

Similarly, we have studied how VR may help solve
problems such as early drop-out and poor perfor-
mance in basic skills by offering learning experiences
which are more immersive and appealing. Numerous
studies support the idea that VR not only aids the
comprehension of complex content but also moti-
vates students to connect learning with the technol-
ogies which are already part of their everyday lives.
This is particularly relevant when it comes to STEM,
where drop-out rates are higher, especially among
girls. It is for that reason that we emphasize the need
for inclusive approaches which stimulate interest and
excellence in these areas.

In order to meet these objectives, the project
includes:

« A methodological section to guide schools in the in-
tegration of VR as a learning tool, from the choice of
appropriate hardware to the use of good teaching
practice.

« A homepage with specialized content, centralising
information about resources, tools and practical ex-
periences related to VR.

- Case studies based on previous experience to in-
spire and guide people involved in education to im-
plement this technology.

Who is the target audience of this White
Book?

This material has been designed for any teachers and
trainers who are interested in incorporating new tech-
nologies into their educational practices by offering
them practical methodologies and tools to enrich
the classroom learning experience. It is also aimed at
educational institutions and politicians connected to
education who seek effective strategies to digitalise

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

teaching by facing such needs as technological train-
ing or adapted resources. Similarly, these initiatives
encourage technological companies to take part in
the creation of innovative educational content, pro-
moting synergies between the fields of education and
technology. Together, these recommendations aim to
encourage the use of innovative technologies such
as VR in education, by promoting its integration into
teaching activities which motivate students, reduce
gender inequality in STEM and offer new perspectives
for learning and professional development in an ever
more digitalizad world.

Brief guide for using the text.

The text is made up of six chapters, each one designed
to tackle key aspects of the project and provide a thor-
ough understanding of the development and results:

1. Literature review in participating countries

A comparative analysis of academic articles and re-
search studies on the use of VR in Germany, Belgium,
Finland and Spain. This chapter shows the current
scenario, contextualising the practices of today and
establishing a solid basis for development of the proj-
ect.

2. The future of the classroom

This chapter analyses the current uses of VR, both its
implementation in educational settings and the ad-
vances in educational software in participating coun-
tries.

3. Methodology

Here we describe the design and development of VR
content as adapted to STEM subjects, as well as the
process of equipping teachers for its use in teaching.
In addition, we include the design of specific surveys
and analysis of the data acquired to assess the impact
of pilot tests on students.
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The presentation of the data obtained during the pilot tests with a general
and a per-country focus.

4. Results

5. Recommendations and User Guide

Practical proposals for designing educational applications and incorpo-
rating VR into the syllabus

6. Lesson Plans

Practical cases carried out by participating teachers who have compiled
their experiences during the project.

VIRION aims to show that VR can be a transforming breakthrough for to-
day’s challenges in education. Using these guidelines, teachers and the
teaching bodies themselves will have access to practical tools and effec-
tive strategies to integrate this technology and ensure a more inclusive
and appealing learning experience.

Brief Introduction to the Consortium Members

The Virion project is composed of five partners, including universities,
schools, and companies, each playing a crucial role in its success. Their
contributions cover research, technological development, testing, and di-
rect engagement with students aged 14 to 16. Together, they ensure that
all essential aspects of the project are effectively managed.

Universidad Rey Juan Carlos

The Universidad Rey Juan Carlos (URJC), created in 1996, is the second
largest university in the region of Madrid, with over 43,000 students - of
whom 3,000 are international — spread over 5 campuses and 2 centres in
Madrid. Currently, it offers 88 undergraduate degrees, 72 Masters degrees
and 10 doctoral programmers. The URJC was set up with the aim of giving
balance to the demand and supply of university places in Madrid, also
boosting the social and economic development of the south of the region.

The URJC has positioned itself as a reference in research work. Its empha-
sis on innovation and knowledge transfer is reflected in initiatives such as
the Open Science option and its participation in international networks,
for example, the EULIST Alliance, to strengthen its global presence. The
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university prioritizes diversity, inclusion and the inter-
disciplinary nature of its strategy of assessment and
research. Using strategic programmes such as Plan
2020-2025, the URJC emphasizes internationaliza-
tion, business collaboration and teaching excellence.
In addition, it increases employability and the connec-
tion with the job market by means of strategic practic-
es and alliances.

The URJC is a leader in research with institutes such
as IEJI (comparative law), CETINIA (artificial intel-
ligence), CIETUR (tourism) and CEEM (applied eco-
nomics), reflecting its commitment to innovation
and knowledge transfer. It includes companies in its
teaching activities, promoting work experience and
leads initiatives such as DCNC Science in CyberSecu-
rity. It is also at the forefront of international projects
for example the IEJI ones in Africa and Asia, the pro-
motion of language learning with the Language Cen-
tre, healthcare and social integration with the CED,
altogether establishing the URJC as a reference for
teaching, research and innovation.

Premium Cine/Premium VR

Premium Cine/Premiun VR (www.premiumvr.eu), re-
sponsible for the development of VIRION's VR appli-
cations, is the XR division of Premium Cine, the parent
company of the audio-visual group.

Founded in 2000 and dedicated to the production and
distribution of audio-visual content for cinema, tele-
vision and digital platforms, its main activity covers
three key areas: audio-visual distribution (cinema,
VOD, Home Video and TV), production of 2D content
(4K and HD) and creation of 3D/VR and Augmented
Reality (XR) content, including stereoscopic reality
and 360° filming.

Since 2015, Premium Cine began to focus its efforts on
the development of technology for the production of
XR content (including Augmented Reality, Virtual and
Mixed Reality) production as well as 3D production in
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stereoscopy and 360°, marking a trend towards tech-
nological innovation.

The strategy of Premium VR is focused on becoming
a reference in the creation of educational and so-
cial content in XR, especially aimed at the academic
community. They have developed cultural and edu-
cational content since its foundation, adapting their
technological and creative capabilities to create
high-quality, immersive experiences.

The Premium VR work team includes professionals
such as Pablo Chamorro (CEO), Ismael del Pozo (Di-
rector of the VR area), Juan Mas (Contents), Natalia
Glez. (Marketing), Ivan Vazquez (Music and Sound),
Manuel Barahona and Jordan Amaya (VR Program-
ming), Angela Abad (Graphic Design, David Barba (3D
Modeling) and Félix Velazquez (Executive Producer).
This group has gained experience in filming, post-pro-
duction and marketing of VR content, positioning
them as leaders in the development of educational
content for learning portals based on artificial intel-
ligence.

Tsar Simeon Veliki

Tsar Simeon Veliki Secondary school is a municipal
school for general education and the largest school
in the Vidin district, Bulgaria, with more then 900 stu-
dents aged 6 to 19 years. The school staff comprises
78 people, including 65 teachers and 9 management
and administration personnel. Located in an area with
high unemployment rates, the school is known for its
pursuit of excellence in education, modernization of
facilities, and implementation of ICT, foreign languag-
es, and a European dimension in teaching.

After 7th grade, the school offers intensive classes in
History and Literature, Biology and Chemistry, all of
them with intensive learning of English. The school
houses the only natural science program (8th-12th
grade) in the district. Extracurricular activities include
an Ecology club, "Lego robotics", Euroclub "Young Eu-
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ropeans for Peace", Sport clubs and a Music and Art clubs. The school sup-
ports 21 students with special educational needs (SEN), 40 students from
migrant families, and 90 students from the Roma minority.

In 2021, the school adopted a five-year strategy emphasizing the STEM/
STEAM approach, digital competence development, and foreign lan-
guage learning. It has since built a STEM lab and a natural science lab
and acquired technologies like a 3D printer and Lego Education sets. Tsar
Simeon Veliki school seeks to integrate new technologies such as VR into
education.

The school is actively involved in Erasmus+ and eTwinning projects, pro-
viding opportunities for teachers and students to enhance their skills. It
organizes eTwinning training events for sharing good practices, and one
teacher is an eTwinning ambassador for Bulgaria. Tsar Simeon Veliki
school tests project outcomes, offering valuable insights for schools in
Europe with limited VR experience.

HafenCity Universitat Hamburg

HafenCity Universitat Hamburg (HCU) is an interdisciplinary institution
dedicated to the design and sustainable development of urban environ-
ments, combining architecture, engineering, natural sciences, humanities,
and social sciences. Its research group, Digital City Science (DCS), employs
advanced digital technologies to analyze and plan urban spaces. This mul-
tidisciplinary team comprises over 25 researchers specializing in urban-
ism, sociology, geoinformatics, computer science, and media technologies,
developing interactive tools for citizen participation and decision-making.
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HCU has been involved in numerous national and
international projects, including MICADO, which cre-
ated digital dashboards to facilitate migrant integra-
tion; MOVE21, focused on sustainable multimodal
urban mobility solutions; and SURE, a facilitation and
synthesis research project on ten individual research
and development projects focusing on sustainable ur-
banism in South-East and East Asia.

With extensive experience in European projects, DCS
was engaged in around 50 research projects, secur-
ing around €10 million in funding. Additionally, DCS
maintains strong ties with local and state agencies,
such as Hamburg’s Authority for Urban Planning and
Housing, the Office of Geodata, and the State’s agency
for property management.

The research group excels at blending academic
research with practical applications, designing in-
novative tools to address urban challenges. These
include platforms for data management, interactive
dashboards, and systems for urban planning and cit-
izen engagement. With an international team repre-
senting over 15 countries, DCS brings a global per-
spective to its projects, fostering collaboration and
knowledge exchange at both local and international
levels.

LUT University

LUT University (Lappeenranta-Lahti University of
Technology LUT) is a pioneering science university
in Finland, established in 1969, combining the fields
of technology, business and social sciences. With a
community of approximately 8300 students and 1300
staff members LUT focuses on finding sustainable
solutions for clean energy, water, and air, contrib-
uting to societal and business renewal. Its teaching
and research are organized into three schools: LUT
School of Energy Systems, LUT School of Engineer-
ing Sciences, and LUT School of Business and Man-
agement. The university values courage, innovation
through science, and the pursuit of well-being.

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

Junior University, LUT’s program for collaboration
with local schools, has been operational for over 20
years, connecting schools with the latest research
and student expertise. Since 2018, this collaboration
has been integrated into the local school curricula,
engaging students at various education levels—from
early childhood to upper secondary education—and
reaching approximately 3,500 students annually.
The program has received recognition, including the
ISCN Partnership for Progress Award (2020) and the
International Green Gown Award in Creating Impact
(2021).

The Junior University team consists of six profession-
als specializing in curriculum-based collaborations,
STEM-related activities, upper secondary education,
and Open University programs. The team’s collab-
orative approach ensures continuity, with shared
responsibilities and weekly coordination meetings.
The team also has experience managing externally
funded projects, such as EU Structural Funds, provid-
ing familiarity with project implementation.

LUT University has been collaborating with local
schools for over 20 years, connecting them with the
latest research and student expertise. This coopera-
tion, along with all its science and technology educa-
tion activities, is now carried out through LUT's Junior
University program. The university is a long-standing
member of LUMA Centre Finland, a science educa-
tion network aimed at inspiring children and youth in
STEM fields. LUMA develops research-based teach-
ing methods and supports lifelong learning for edu-
cators across all levels of education. The network's
focus aligns with LUT's strategic priorities of foster-
ing innovation, sustainability, and research-based
education.

The project lead is an experienced educator with ex-
tensive connections among teachers, principals, and
education officials in Finland, along with a strong
background in managing Erasmus+ KA2 projects in
vocational education.

11
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Aims

The goal of VIRION is to encourage secondary school students to improve
their training in STEM subjects using active learning based on VR teaching
material designed by the project’s research team. With this goal in mind,
the following basic aims were set out for the project:

1. To test an innovative educational methodology based on VR content in
public schools of the countries participating in the project (Bulgaria,
Finland, Germany and Spain) with pupils aged from 14 to 16.

2. To train a group of teachers from the 12 teaching centres (three from
each country) to take part in the project. The idea is for them to discov-
er the possibilities afforded to education by VR and to know how to ap-
ply VR to teaching depending upon their needs, using content designed
by VIRION. By doing so, we will be supporting innovation in teaching
and boosting digital transformation in schools.

3. To publish four items of VR on the homepage, along with their respec-
tive user guides, making it available for free to all users. In addition, to
facilitate its use, the dashboard will be Al-enabled (chatbot) so that it
can guide users depending upon their needs and objectives.

4. To create a document which summarizes the results of the project
clearly and, also, serves as a guide for the application of VR in teaching
plans at schools, offering examples of how it can be used by teach-
ers. Basically, a document which provides tools and advice to face the
foreseeable challenges which education will face in the coming years
and which will help improve PISA results by focusing on STEM subjects.

Inasmuch as the project has an experimental design, uses an innovative
methodology based on VR content and brings together four European
countries with differing educational levels in terms of PISA results, the
project makes it possible to compare the most significant similarities and
differences in the educational methodologies being applied and to know
how to assess the use of VR both by teachers and students in Spain, Ger-
many, Finland and Bulgaria.

From that point of view, the tests carried out in the schools were useful for
the following secondary aims: (a) to compare the degree of satisfaction
and the perceived level of learning obtained when using immersive narra-
tives of an educational nature in VR among secondary tier students in the
different countries (b) to analyze the factors which affect the perceived
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level of learning obtained with these technologies in
the four countries (c) to observe the existence of gen-
der bias in the perceived level of learning obtained by
students using these tools.

13
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Literature review
in participating
countries

Virtual Reality and education in the European
context

Scientific literature regarding VR and education has grown exponentially
over recent years. In the Scopus database for bibliographic references and
the category of Social Sciences about educational VR, the first study was
recorded in the USA in 1992. Since then, numerous works have been pub-
lished in that field, with most of them being recorded in the last decade.

The USA and China lead the ranking of published works however Europe,
taken as a whole, boasts a significant role in research in the field. Specif-
ically, the UK, Spain, Germany and Turkey are the most prolific countries.
All four countries appear in the top ten for publications about VR applied
to education in the aforementioned database.

The academic output of the countries which feature in the VIRION project
generally reveal that research focuses more on the educational effects of
VR, normally analysed using quasi-experimental methodologies. A signifi-
cantly higher volume of studies being applied to the university sector has
been observed, as opposed to Secondary or Primary education.

Based on the level of scientific output on the subject studied in Scopus,
the main results of the academic literature and projects in which VR has
been applied in the field of education in the four participating countries
in the VIRION project are set out below.

Spain

In terms of the academic literature in Spain, the conclusions of the studies
are, in general, positive, indicating that the use of VR in teaching has pro-
duced an increase in the efficiency of the teaching-learning process and
an improvement in motivation. (Marrero Galvan and Hernandez Padron,
2022). Most authors point to cognitive (knowledge acquisition) and af-
fective (motivation, cooperation, etc.) advances, with these technologies,
thus justifying the use of VR to motivate students. Similarly, other positive
aspects of the use of VR have been revealed, such as an improvement
in commitment, access to inaccessible environments, distance learn-
ing or even training empathy (Marrero Galvan and Hernandez Padrén,
2022). Along the same lines, studies such as Giakoni-Ramirez et al. (2023)
show that both VR and AR have promising benefits which can support the
teaching process.
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From the point of view of the strategies for design-
ing the content of VR for education, research in Spain
concludes that gamification content helps students in
their learning process (Castellano et al, 2023). That
is the conclusion reached by, among others, Luce-
na-Antén et al. (2022), who encourage teachers to in-
clude games when choosing their VR-based teaching
approaches to improve interaction and active learn-
ing in the delivery of subjects such as physiotherapy.
Similarly, VR, when combined with problem-solving
techniques for learning or research, is highly useful in
the teaching of STEM subjects (Marrero Galvan and
Hernandez Padrén, 2022).

Another high-profile strategy when designing educa-
tional material in VR is the creation of simulators and
virtual laboratories. The studies of, among others, Ta-
tiana Cox et al. (2022) show that groups which work
with virtual laboratories obtain significantly better
results than those using traditional methods. These
pieces of work highlight the fact that these technol-
ogies stimulate students’ motivation and are a tool
which must be considered for in-class work, thus con-
firming previous studies such as that of Mercado et al.
(2019).

Along the same lines, Pontes Pedrajas (2022) carried
out an experiment about the educational use of a sim-
ulation program to help students overcome the con-
siderable difficulties of significant learning and favour
an adequate understanding of a model of an electric
current, with tasks of oriented discovery in a virtual
environment. After using a virtual laboratory as the
main educational resource, in this experiment it was
observed how the mental models of students evolved
very positively when it came to the workings of elec-
tric circuits. A considerable improvement in the qual-
ity of participants’ explanations of the problems set
out in this subject was detected after the educational
action was implemented.

Arce et al. (2022) developed an experiment in a virtu-
al laboratory for teaching STEM subjects. According

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

to their results, this realistic environment of real-time
simulation and 3D visualization gives students flex-
ibility, helps them in the organization of their tasks
and allows them to work autonomously. One of the
most interesting findings of this research has to do
with the importance of the role of the teacher in fol-
lowing tasks. Students can have a wider contextual
appreciation if they are asked to carry out individual
tasks while at the same time being supervised by their
teacher (in situ and on virtual platforms) and in the
company of the other members of the group.

In the same way, other studies reveal high levels of
motivation during teaching sessions with this technol-
ogy, which facilitates interaction and optimum results
in learning (Cabero-Almenara et al, 2023). Similarly,
the studies of Bermejo et al. (2023) conclude that the
application of VR improves immersion in the learning
process, especially when studying the hotel industry,
medicine and science, to university level.

Finally, studies such as that of De Moraes Rossetto et
al. (2023) offer an interesting comparison between VR
and AR. VR-based material obtains better results than
AR-based ones when it comes to acquiring knowledge.

By means of a questionnaire-based quantitative study,
Cabero-Almenara et al. (2022) observe that students
who work with VR show a high level of acceptance of
these technologies as well as a favorable disposition
to their usage. Similarly, the work of Marin et al. (2022)
suggests that secondary school pupils believe VR may
be used in class to promote learning, although a low
level of penetration of these technologies has been
witnessed in the context of Spain.

On the other hand, the study by Castafio-Calle et al.
(2022) analysed the attitudes of teachers towards
these tools. In general, they have a favourable opin-
ion of them but their knowledge of them is still lim-
ited. The results support the relevance of increasing
teachers’ knowledge and improving their skills, thus
generating positive attitudes towards these tools.

15
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The work of Marin-Diaz and Sampedro-Requena (2023) applied to sec-
ondary school teachers reveals that, as far as issues related to teaching
methodologies are concerned, VR will promote autonomy and initiative
in pupils at this stage of education, at the same time making the class-
room and the learning process more active and, consequently, more par-
ticipative. For that reason there exists the need to promote the training of
teachers in the appropriate use, as expressed by participants. Training in
the use of this technology is, precisely, another of the concerns expressed
by teachers, who indicated that both teachers and pupils at secondary
school level require training to enable them to implement VR in the class-
room and promote significant learning (Palomo, 2020).

Research shows that appropriate training is needed for teachers as other-
wise they may feel intimidated or incapable of using these new technol-
ogies in their classrooms (De Moraes Rossetto et al., 2023). As mentioned
above, one of the goals of the VIRION project is to tackle that challenge.

Germany

The research on the German literature on VR shows that there is a re-
search gap in the scientific discussion of existing VR content and solutions
and its usage in schools.

Horn et al. (2021) in a conference paper discuss the setting up of an ed-
ucational AR-VR-catalogue within the “Digital gestlitztes Lehren und Le-
rnen in Hessen” (“Digitally supported teaching and learning in (the state
of Hesse”) project and its AR/VR workgroup, predominantly composed of
university researchers and lecturers. The authors discuss the steps under-
taken for finding and evaluating AR and VR pieces for both school and
higher education. In a first step, 308 pieces of content were identified that
were further narrowed down. For the final selection, content had to ful-
fill three main criteria: 1) Direct teaching content available or creation of
own teaching content possible. 2). The software or its use is (freely) acces-
sible o the content enables the development of new tasks or teaching sce-
narios that were previously unimaginable. 3) Use in a teaching scenario is
allowed and/or desired (Horn et al. 2021: 81).

Finally, the authors further describe the process of developing criteria
and adding additional information and commentary. No figures are given
about the final amount of AR-VR-content available at the time of publica-
tion, but on September 29th, 2023, it included 71 VR pieces for both school
and university education.
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VR eduNet was an EU-funded Interreg project in two
regions of Austria (state of Upper Austria) and Czech
Republic (South Bohemian Region). The project’s
main report is available in German, Czech and English
and while it is not a scientific source per se, some of
the results (VReduNet 2022) will be presented below.

One of the findings was that the majority of companies
surveyed in the Austrian region (n=20) already deal
with this new technology, but mostly still at a more
experimental stage (VReduNet 2022: 7, 9). Therefore,
using VR in schools is also seen as an important step
to prepare students for a professional world in which
VR could play an increasingly important role. Anoth-
er survey was aimed at schools, even though in the
selection of investigated schools there was a bias to
schools with an implied interest in technology and
VR, e.g. vocational schools in the age group of 15-18
(ibid.: 10). It was found that in the Southern Bohemian
Region 54% of the participating respondents had al-
ready at least tested a VR system, while the figure for
Upper Austria is 91%. Still, the project found that both
VR and AR are not widely used in both regions, and
the schools with a higher degree of use are technical
schools with close cooperation with industry (ibid.: 11-
12). Still, 64% of responding schools in Upper Austria
have some form of VR equipment available, while this
is only true for 14% of responding schools in Southern
Bohemia (ibid.: 12-13). Schools use mostly Oculus and
HTC hardware, and also systems by Class VR in the
Czech region. In technically oriented schools, more
specialized VR systems are also in use (ibid.: 13). A
longer chapter discusses the teacher training at Uni-
versity level (ibid.: 16 - 34).

The Biro fir Technikfolgen-Abschatzung beim
Deutschen Bundestag (Office of Technology Assess-
ment at the German Bundestag) in 2019 prepared a
report for the German parliament on the status quo,
challenges and future development of VR. In a short
chapter on education it only discusses some google
VR products and also points to a cooperation between
Samsung and textbook publisher Cornelsen that has
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led to the development of an application example
in biology (Kind et al. 2019: 58-59). However, accord-
ing to research by the authors of this report, there
have been no further reports of this cooperation
since around 2017.

As part of a book on WebQuests, Spiegel (2022)
mainly discusses Quests in the context of VR. While
she points out that VR is already being used more
intensively in business, she assesses that there is still
little use of VR in the classroom (Spiegel 2022: 137).
She sees the cause in the lack of digital equipment
in schools, of personnel capacity for the mainte-
nance and management of the hardware in schools,
of training for teachers and the inadequate financial
resources (ibid.: 142). The author also points to the
comparatively intense activity of educational insti-
tutions on the VR platform Second Life (SL) while it
was at its peak in the past and gives examples how
SL was used in an educational context (ibid.: 140 —
142).

Schollan (2019: 1-2) quotes from a Kantar-Emnid
survey from 2017, that 48% of survey teachers are
interested in using VR in teaching. Only 18% of re-
sponding teachers had their own experience with
VR and only 4% had VR hardware available at this
point. The author expects this to change in 2019
with the Digitalpakt, a federal funding for digital
equipment in schools.

Finland

Finnish academic literature reveals that the cases
where VR has been applied to studies are scarce
and in most cases the application was very narrow.
A study by Kosmas et al. (2021) found that while the
interviewed higher education officials think VR to
be a good motivational and helpful tool in teach-
ing, the technology is not yet mature enough. They
stated that the main obstacles for adoption to be
the lack of content available to justify the expenses
related to the equipment and staff costs. Nonethe-
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less, there are some instances of VR used in Finnish education as reported
by articles.

VR glasses have been used in Laurea University of Applied Sciences in
nursing since 2019. They have had the most success with teaching inter-
nal medicine, examining anatomy and physiology of the human body.
Laurea University has also produced several 360 videos for VR glasses.
These videos help students to visualize different aspects of their studies.
For instance, Laurea University created a video on how a patient with
schizophrenia experiences visual and auditory hallucinations (Heikkinen,
2022). According to a questionnaire where Laurea University mapped the
students’ experiences with the VR glasses in their studies, the majority
expressed that the VR glasses were useful, promoted their learning and
made the subject more interesting (Nikula et al,, 2022).

A mixed Reality Hub — group in the University of Helsinki has been re-
searching on how to best use mixed reality in various different studies.
They report that an immersive teaching method can greatly help moti-
vate students and give them a better understanding of their studies. They
state that the target fields spread wider than the typical science and tech-
nology departments, and hint to possible opportunities in studies of phi-
losophy and business. (Media, 2018).

The University of Helsinki has tested VR technology in the teaching of
forest sciences, educational sciences, and medicine among others. They
report that while most students enjoy using VR in their studies, it is not
suitable and appealing to all students. Still, to make the use of the tech-
nologies easier, they have had digitutors available for help and guidance
(Vairimaa, 2018; Aalto, Halonen, & Paatela-Nieminen, 2017). It is good to
highlight that while VR helps motivate and visualize the information for
most students it can also be the opposite for other students which is why
teaching should leave room for options.

One field where VR glasses are tested and used for teaching abundantly
is welding. Sampo University of Applied Sciences boasts the most modern
virtual welding environment in Finland (Tahka, 2020). A virtual teaching
environment for a relatively dangerous subject is very useful since the
students get to learn and make mistakes in a way that does not harm their
person.

While most cases are from higher education institutions some high
schools have also invested in VR technology. For instance, Konnevesi high
school has 30 pairs of VR glasses and can bring a whole class into the
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virtual world simultaneously. Konnevesi is one of the
most advanced in the way of utilizing VR technology
in high schools (Savela, 2022). According to Mari Jam-
sen, the deputy principal of Konnevesi, they use VR
glasses in STEM education regularly and have found
this to add concreteness, interest, and motivation to-
ward the taught subject.

Bulgaria

The scientific literature on the confluence between VR
and education in Bulgaria has primarily focused on the
university setting, although interesting works are also
detected in secondary education, particularly focus-
ing on STEM subjects. Likewise, there is a prevalence
of studies on augmented reality (AR) and the use of
holograms for educational purposes, with a frequency
much higher than the application of VR. In this regard,
the positive perception of students towards the use of
mixed reality (MR) and AR is noteworthy. According
to studies conducted in this country, learning by holo-
grams gives students an experience that is really close
to reality. The simulation teaches students how to act,
how to think, how to predict situations. In this sense,
MR has the potential to change the location and tim-
ing when it comes to learning. Moreover, this technol-
ogy is able to introduce new and additional ways and
methods of learning and solving problems. Further-
more, it can be concluded that MR applications devel-
oped for education increase student participation in
classes, improve and increase memory.

Two main areas gather scientific evidence on the use
of these technologies (VR and AR) for educational
purposes: (1) the study of medical areas and (2) train-
ing in historical and cultural heritage. In both medical
education and the field of engineering, a third essen-
tial element emerges in research on VR and education
in Bulgaria: (3) the use of virtual laboratories.

In the field of VR for medical training it is worth point-
ing out the work of Spiriev et al. (2022) who show that
AR and VR allow users to zoom, pan, and rotate the

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

models, which may facilitate learning. These tools
have the potential to help with a better understand-
ing of complex anatomy, that opens the field for fur-
ther research in medical education.

Moreover, the research conducted by Georgieva-Tsa-
neva and Serbezova (2020) shows that students and
teachers in the professional field of health care assess
virtual learning as an important factor in the process
of acquiring new competencies. They believe that
virtual resources are important to them, especially
when it comes to building clinical psychomotor skills.

In this field, some works focus on the analysis of the
application of virtual clinical laboratories. The re-
search conducted by Georgieva et al. (2021) empha-
sizes that the use of these immersive spaces allows
the trainees to explore, to make mistakes and learn
from them before ultimately applying the real proce-
dure on a patient. These technologies have potential
for creating authentic learning environment close to
reality and with context that simulates real life work-
place.

As regards Virtual laboratories in engineering educa-
tion similar benefits have been detected in the use of
this type of laboratories in the field of electrical engi-
neering. In this sense, Evstatiev et al. (2019) demon-
strated the potential of these spaces for the use of
virtual cables and handling them. Therefore, the stu-
dents can gain experience, like that obtained through
traditional laboratories, including the opportunity to
safely experiment, without risks of electric shock or
equipment damage.

Another relevant research conducted by Ivanova et al.
(2019) compared the application of a virtual labora-
tory with traditional ones in the field of engineering
training. The results conclude that the virtual learning
environment is more effective compared with the tra-
ditional lab setting in helping students to understand
long measuring processes with more than 20 stages,
too long even for the real lab conditions. The virtual
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space significantly increased the possibilities for mathematical process-
ing and analysis, storage and documentation of all students’ measuring
results.

Research focused on the integration of VR in the teaching of Fine Arts
show the applicability of the proposed approach and satisfaction with the
acquired knowledge among the students (Staneva et al,, 2022). On the
other hand, Georgiev and Nikolova (2021) observed that the presentation
of cultural artifacts in a more realistic, attractive, and child-friendly man-
ner creates a newer and more exciting experience for them, which builds
their national identity and patriotism. Finally, the research by Peteva et
al. (2020) found that young people studying historical education are open
to the new 3D technologies. They want to touch this unfamiliar world and
are eager to get involved in such research projects. This type of students
wants new technologies to become an invariable part of their courses.

Concerning AR in secondary school for STEM we should point out that
while studies on the impact of AR and VR in secondary education in Bul-
garia are not frequent, interesting work has been identified, particularly
in STEM subjects. According to the research conducted by Petrov and Ata-
nasova (2020), it can be affirmed that the integration of AR has significant
effects on the learning of the associated content. This research shows that
the AR technology, especially when used in STEM education, allows stu-
dents to explore, practice and interact with STEM content without worry-
ing about financial or ethical issues, such as costly consumables or harm
of animals. It provides opportunities for experiments and recovery from
failure, while working in a safe environment. This research found many
benefits to using AR in teaching STEM subjects, especially biology. Among
them are: (1) the ease of use, (2) the high level of personalization, and (3)
the possibility to run many different applications. AR technology offers an
immersive experience that (4) also allows for collaboration.

To conclude, as has been observed in other countries, an important issue
that should be investigated as a further step is the possible discomfort for
users during viewing the models in VR (Petkov et al.,, 2019). This includes
the commonly reported VR side effect of motion sickness but also other
forms of discomfort such as tired eyes and disorientation.
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The future of the
classroom — with
VR

We would like to look into the future with you -
the Future of Classrooms in which VR plays an
increasing role.

This vision of the Future is based on our findings from an analysis of the
literature, a large number of interviews with industry experts and our
own experiences in the VIRION project. It identifies the prerequisites and
framework conditions that are necessary for the success of VR or that are
already emerging today. We leave it up to the reader to decide whether
this scenario is desirable or how realistic the framework conditions dis-
cussed are. Instead, it is intended to inspire readers to spin their own tales
of the future of our classrooms.

Classrooms of the Future take advantage of the opportunities offered by
new digital tools and methods. These will be integrated into lessons and
everyday school life and lead to an improvement in learning outcomes.
VR in the classroom builds on pupils' current media experiences and of-
fers them contemporary learning environments for subject areas that par-
ticularly benefit from VR. In virtual spaces, complex interrelationships are
demonstrated that cannot be conveyed in normal school life, or only with
great effort. This includes experiments and demonstrations in STEM sub-
jects, excursions to faraway places in geography courses, or to historical
places. The design of virtual spaces is reminiscent of the design of virtu-
al environments that students are familiar with from their leisure media
consumption, such as historical, futuristic or fantasy-like environments.

The VR content of the Classrooms of the Future will utilize the didactic
and technical potential of VR. This includes problem solving, collabora-
tion and immersion. The content to be taught is not simply presented. In-
stead, students learn to understand problems independently and acquire
solutions. They often use the learning scenarios in virtual rooms in teams
and can thus support each other in working on quests. This also leads to
completely new constellations in which VR brings together students from
different locations. The ability to work together over long distances has
introduced the use of VR in foreign language teaching and intercultural
education, one of the most important fields of application of VR in the
Classroom of the Future. VR has also enabled the integration of sick and
disabled pupils.

In the Classroom of the Future, VR is just one digital tool among others
that will continue to be supplemented by traditional formats and mod-
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ern non-digital methods. This mix of methods utilizes
the strengths of different formats and their topic-ap-
propriate combination to convey school content. It is
true that in the Classroom of the Future, pupils and
teachers have gained increasing experience in deal-
ing with VR and the equipment available to them en-
ables increasingly seamless integration into lessons.
Nevertheless, VR has also proven to be unsuitable or
too complex in some situations in the Classroom of
the Future.

To ensure that VR is used as seamlessly as possible
in the school context, schools have been equipped
accordingly by their school authorities. This includes
transport trolleys with which the headsets can be
brought to the place of use and charged, as well as
the use of appropriate software solutions for the man-
agement and targeted use of the devices in lessons.
Teachers are given the opportunity to provide target-
ed assistance to pupils in need of help on request and
to provide didactic, content-related or technical sup-
port where necessary. The necessary staff and other
resources have been made available for the mainte-
nance and care of the devices. This includes techni-
cal support staff and teachers who act as multipliers
in their teaching staff. The classrooms have been
prepared for the use of VR by setting up sufficiently
powerful Internet and charging facilities in the rooms
used for VR.

The right setting was found during a phase of inten-
sive testing of VR in the classroom. In recognition of
the opportunities offered by VR, a process was set up
in which school authorities, model schools, hardware
and software manufacturers, VR producers and dis-
tributors, pupils and parents were all involved, with
close support from educational research. In this iter-
ative process, not only was the right hardware equip-
ment tested, but also the right scenarios for its use.
As a result, didactic concepts were developed that
utilize the strengths of VR. This process has also cre-
ated a framework in which demand for VR content in
schools has been created, which has led to increased
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content production on the provider side. The previ-
ously perceived chicken-and-egg problem in terms
of demand and supply of VR software for schools
has therefore been broken up. In the context of this
process, it was also possible to gain additional ex-
periences of how hardware and software comfort
can be further improved, for example by avoiding
motion sickness. This experience was then continu-
ously integrated into new applications.

Even if it has been shown that there are subject ar-
eas in which teachers are happy to freely choose
from an extensive portfolio of available teaching
content, this process has also underlined how im-
portant standardized teaching content is as part
of a curriculum. For this reason, school boards and
school authorities from different school districts, re-
gions and European countries have come together
over time to align curricula and jointly develop VR
content that also takes into account the language
requirements of all participating regions and coun-
tries.

The previously perceived chicken-and-egg prob-
lem in terms of demand and supply of VR software
for schools has therefore been broken up. In terms
of the available content, the school authorities in
the participating countries can essentially choose
from two license models: In the integrated model,
national and international providers offer inclusive
packages of hardware and software and the pro-
curement office in the school administration can
then purchase the bundle of content that suits them
best. The matching VR headsets, device trolleys and
management tools promise a seamless and inte-
grated user experience for teachers and students.
These proprietary or closed systems are often not
compatible with open applications, even if there
are providers with open interfaces.

At the same time, there is an open model in which

hardware and software content is standardized.
This makes it possible for smaller VR providers,
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educational scientists, teachers or other educational institutions such as
museums to develop open VR content. Some school authorities prefer this
licensing model and have promoted or commissioned the development
of standards-compliant, open-interface and curriculum-related content.
Content is available in corresponding catalogs or databases and can be
filtered for suitable content, which is often free of charge. Over time, in-
stitutions have emerged that act as gatekeepers, checking VR content for
suitability in terms of content, functionality and data protection, for ex-
ample, and then recommending it for use in schools. In parallel, there are
applications that allow teachers and students to build VR content them-
selves, use it collaboratively and share it with their classmates and other
schools. This model uses commercially available devices, so the schools
benefit from the high number of units sold. However, as with open sys-
tems, occasional incompatibilities remain and require increased resourc-
es for management at schools. In addition, some questions remain about
the legal classification of content that is freely available on the internet.

Classrooms of the Future are classrooms in which VR plays an important
role in teaching content. VR immerses students in engaging learning en-
vironments, enables problem-based learning and brings students togeth-
er. With the experience we have gained in VIRION, we can create such
a vision. However, in order to get closer to the Future of the Classroom,
further efforts are needed from those involved in the education sector,
particularly for the didactic improvement of concepts, for the develop-
ment of curriculum-related content and to gain experience in schools. We
hope that the experiences from our VIRION project will provide a good
basis for setting up further comparable iterative processes.

-
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Strategy for The Creation And Development of
The (4) Educational Apps

Creation And Development Of The Apps
Design of production strategies:

For the creation of the four VR apps that will meet the project's objec-
tives, a careful selection process has been carried out involving technol-
ogy, hardware, operating systems, development frameworks as well as
distribution and implementation mechanisms.

Three groups of criteria have been considered: "A" (primary), "B" (second-
ary) and "C" (tertiary).

In Group A, the development criteria that facilitate the fulfillment of the
objectives of evaluating the applicability of these technologies in the
classrooms by students and teachers have been grouped together. These
are:

- Usability

» Ergonomics
« Accessibility
« Availability

In Group B, the development criteria that facilitate the fulfillment of the
evaluation objectives in terms of traction (getting students' interest and
attention for the selected topic and teaching staff's attention for VR tech-
nology) and in terms of efficiency of the experiences, considering aspects
such as the ease of acquisition and retention of information by students.
These are:

* Variety
« Level of gamification
- Method of approaching the topic/lesson

In Group C, other development criteria have been grouped together re-
lated to objectives that, although not included in the main objectives of
this first phase of the project, we have considered useful for the follow-
ing phases of the project, especially those related to the development
of guides, methodologies, and even regulations for the production of
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content by teachers, companies and institutions, in
accordance with the requirements of the training pro-
grammes of regulated education in the EU. The most
important are:

- Adaptability
- Stake
* Scalability of the method

Applicability:

Bearing in mind that VR experiments require specially
designed hardware, this first group of development cri-
teria (usability, ergonomics and accessibility) focuses on
the selection of the most appropriate software for this
phase of the project within current possibilities and in
line with the other two groups of development criteria.

To meet the usability criteria, the following charac-
teristics have been taken into account:

It should be easy to use : wireless connections, con-
trols with simple systems similar to the controllers
and joysticks of the video game consoles that stu-
dents are accustomed to .

« Value for money: Must be able to be used without
drivers (hand and finger tracking), Must be able to
install third-party content and NOT be tied to or
obliged to any distributor)

- Efficient hardware in line with the real technologi-
cal moment of the average European school : With-
out wanting to be restrictive in this area given the
differences between regions and between schools,
we have considered a minimum hardware:

* Screen resolution: 1800x 900
(the larger the better)

e Internal memory 128 GB

« RAM: 6GB

* WIFI 6

e Bluetooth 5.0

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

«USB (1)
» 3600mAh battery

To meet the ergonomic criteria, the following charac-
teristics have been taken into account:

e It must be light : It should not exceed 500g in weight
and although the total time for the sessions should
not exceed 40 minutes of use, its fixing system must
be comfortable and easy to adjust to allow rapid ro-
tation between students.

e It should avoid isolation and provide mechanisms
to avoid accidents: Using cameras that allow
“passthrough” (view of the physical environment
through screens) and space management systems
that allow for rapid and automatic switching be-
tween real and virtual space, as well as alerts of in-
terference in the student's physical space.

e It must be able to be used in a small space: The
physical space required for its use in the classroom
must not exceed 1.70m with an added 30cm of sep-
aration (2m total)

 Hygiene: The surface of the device that is in contact
with the face must be washable and replaceable,
and better if it has covering accessories such as pa-
per face masks.

e Durability: The construction materials of the device,
the controllers and their charging bases, if any, must
be light but solid, ensuring a minimum duration in
the school context. In the case of the controllers,
they must also be easily replaceable and the manu-
facturer must have protective accessories for cases
in which they are required.

To meet the accessibility criteria, the following min-
imum characteristics have been taken into account:

« Must have accessories for use with corrective vi-
sion glasses.
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* You must have your own headphones.
» Must be able to track hands and fingers to facilitate communication
through sign language.

To meet the availability criterion, have taken into account the following
characteristics:

« Cost: It must be a device whose purchase price is viable for both institu-
tions and individuals. Not exceeding 400€

» Manufacturers must be recognized brands that meet the criteria estab-
lished by the EU, especially those relating to the regulations established
by the EU in matters of security and privacy .

- Manufacturers must have the production capacity to ensure the supply
of devices to institutions when the time comes.

- selected Device must be able to run applications developed with any of
the tools used within the chosen development framework.

Traction and efficiency:

In order to obtain conclusions that allow us to validate the application of
experiential training in the classroom using VR technologies, in terms of
content development, we have taken into account aspects such as variety,
the level of gamification and the way of approaching the chosen lesson
for the following reasons:

- Variety: Although the initial commitment to our partners was to build
two educational experiences, we ultimately decided to carry out four.
This allows us to broaden the range of responses in the surveys carried
out afterwards to help us determine the differences in student prefer-
ences related to gender, age, character, aesthetics or commitment.

- Gamification level: Each of the four applications has been developed
with a different degree of gamification, subsuming the topic or lesson in
avideo game environment to a greater or lesser extent. The objective of
this method is to help us determine, with the help of teachers and based
on the results, what the optimal level of gamification should be for each
topic or lesson in the context of the official educational system.

 Approach to the topic: Likewise, each experience has a different way
of approaching the selected lesson. We do this by taking advantage of
both the varied action mechanics of the games and the enormous pos-
sibilities of visualization and manipulation that VR offers us.

Geometry application provides a direct experience of manipulating geo-
metric figures through the use of virtual hands whose poses and actions
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are used with the device controllers. This experience
seeks to capture and maintain the student's attention
through the use of physical forces in the manipula-
tion of geometric figures, thus avoiding the dispersion
of their attention while producing a subtle diversion
during said manipulation. This pleasant and fun sen-
sation seeks to remove the perception of boredom
and complexity sometimes associated with this sub-
ject.

While the electromagnetism application uses “find
and use” mechanics, typical of “escape room” games,
to familiarize the student with the components of
electric circuits or with the concepts of “charges”
and “magnetic fields,” in the biology application “The
Cell,” the environment is used as an anchor for the stu-
dent’s attention. On the other hand, in the chemistry
experience “The Periodic Table,” repetitive interac-
tion techniques are used to help the student memo-
rize the elements of the table, their groups, and the
position they occupy in the table, while the tedium of
the necessary repetitive action is cured by an atmo-
sphere of adventure and mystery.

These differences in the way we approach the topic
or lesson serve the same purpose: to help us establish
the optimal criteria for the level of gamification, the
acceptable levels of depth in user interfaces and pref-
erences in student and teacher environment themes.

Other criteria considered (present and future):

We understand “adaptability” here as the capacity
of applications or experiences to be experienced in
different educational environments as a natural con-
sequence of the disparity of classroom typologies,
availability of resources and teaching methodolo-
gies in the different countries of the union. It is the
need for this adaptability and its application in the
current state of technology that has led us to choose
the Android operating system as the basis for the de-
velopment of the applications that are part of this
first phase of study, although we would like to take
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advantage of these lines to state that, in our opinion,
the future ecosystem of training experiences in VR
must be directed towards its execution on servers via
streaming .

Participation: For reasons of time, availability of
project resources and operational efficiency in class-
rooms, during this first phase of the project it has been
decided to develop single-user experiences. Although
this eliminates the educational advantages of the
collaborative aspect of multi-user experiences, it fa-
cilitates the control of the test event by the teacher
and avoids distortions in the responses to the surveys
by the students, who could be tempted to answer in-
fluenced by the supposed perceptions of the group.
However, we want to emphasize the usefulness of
multi-user experiences and the importance of focus-
ing on them in future phases of the project.

We would also like to highlight here, from the per-
spective that concerns us as content creators, the
importance of the scalability and integration criteria,
as a fundamental characteristic of the content pro-
duction methodology of the future ecosystem of reg-
ulated training content in the EU and cite some of the
pillars on which we believe they should be based:

1. Must be independent of manufacturers and/or dis-
tributors

2. The development framework should provide con-
tent creation tools for faculty and offer full interop-
erability and compatibility.

3. It should provide validation and publication tools
for the teaching staff.

4. It should rely on the open source community for
reasons of cost and ease of auditing.

Aiming in this direction we have carried out the devel-

opment of these first 4 pieces as we will describe in
the following section.
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Choice of development framework:

VR is an emerging technology that is in its early stages of consolidation,
and although the first industrial standards for the integration of construc-
tion tools have begun to appear, we are still at a point where most tools
for developing quality experiences are tied to device manufacturers and
developers of operating systems on which these experiences are run.
These dependencies force developers to choose one development frame-
work or another, which in many cases are mutually exclusive, with the
well-known consequence of a highly fragmented environment.

We understand the concept “development framework” here as the set of
software tools with which we create the VR experience. This set of tools
includes in summary: The 2D and 3D audiovisual content creation tools
(DCC), the programming language used, together with its interpreters and
compilers, the content integration engine, systems, code and real-time
representation (usually a video game or simulation engine), the sets of
third-party libraries (classes, functions, drivers and other components for
controlling the devices) and the packaging tools for the OS.

Although the viewer chosen to carry out the study that is the object of this
project has been the “Meta Quest 2” viewer (in compliance with the appli-
cability criteria) and the applications have been developed with this condi-
tion, in order to determine the most operational development framework
for our project, we have carried out the creation of these first 4 experiences
using development frameworks with slight differences in the essential (ac-
cess to devices), always adjusting to this fundamental premise:

(*) “Each one of the Virion Apps must “run” correctly, not only on the selected devices
but on any viewer, from any manufacturer, with an Android-based OS and with the
minimum hardware mentioned above.”

Developer Notes on the Development Framework:

In addition to the aforementioned development frameworks, others have
been tested using SDKs such as the excellent “ Ultimate XR ” from VRma-
da, the PICO VR libraries or the Steam SDK, among others, but in light of
the experience gained in this development and with the aim of laying the
foundations for a possible future ecosystem of educational applications
within the framework of the official EU education system, from Premium
Cine. We can say that the development framework based on OpenXR Lli-
braries is the one that offers the compatibility, availability and scalability
features necessary for the good performance of any experience on any
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device. While the option of SDKs from device manu-
facturers is optimal for the development of experi-
ences for their devices, it is very inconvenient, if not
completely inoperative, for devices from other man-
ufacturers.

The efforts of the Augmented and Virtual Reality
(ARVR) working group of the Khronos group over the
last few years to create open standard APIs that work
on multiple platforms and devices have borne fruit to
the point that the manufacturers of XR viewers them-
selves are trying to make their proprietary APls com-
patible with the OpenXR standards.

For their part, integration engines such as Unity 3D,
Unreal Engine and Godot have clearly demonstrat-
ed their position, prioritizing the use of the Open XR
standard over the implementations of headset manu-
facturers. Scientific and industrial simulation engines
have already taken the same path.

This specification (OpenXR) has reached sufficient
maturity to offer interoperability, hardware abstrac-
tion, third-party extensibility, simplification, and com-
patibility to a degree sufficient to consider its use
a certification requirement in the development of
“Virion” experiences. Suffice it to say that the devel-
opment of the last 2 applications of this project has
taken less than half the time required for the devel-
opment of the previous 2, largely as a result of the
adoption of the Open XR libraries as the basis for the
development framework.

Working with teachers

In the area of education, working together is essen-
tial in order to boost the exchange of good practices,
innovation in teaching and the development of key
competences in students. In this field of collaboration
in education and from an international standpoint the
VIRION project was launched. It boasts the participa-
tion of 12 schools located in Spain, Finland, Germany
and Bulgaria.

the European Union
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All of these centres represent different models of
education and learning and they include innova-
tive initiatives in areas such as STEM, social inclu-
sion, languages, sustainability etc. Using projects
and programmes, these schools have shown their
commitment to the integral development of their
academic community and their ability to adapt to
global challenges by promoting European values
and a vision of a shared future.

The aim of training teachers: Face-to-Face meetings

The VIRION project has been set up as an example
of innovation in education focusing on the use of
immersive technologies to tackle complex concepts
in an interactive and dynamic way with the goal of
improving pupils’ understanding and commitment.
With this framework in mind it was necessary to
organize face-to-face training sessions so that the
teachers from the schools participating in the proj-
ect could introduce the items of VR created by VIRI-
ON in their syllabi correctly. These meetings were
a training exercise which had, as its goal, to bring
about significant steps forward in the use of the vir-
tual items in teaching, as well as promoting interna-
tional collaboration and the exchange of good prac-
tices among the professionals of the participating
countries.

These meetings were held between the 15th and
19th of April, 2024 at the Universidad Rey Juan Car-
los (URJC) in Madrid (Spain) and a group of repre-
sentatives from the 12 centres taking part in the
project attended. They would, in turn, have the task
of relaying this training to their colleagues so that
the maximum number of teachers would receive
this training in the use of VR in the classroom.

These sessions were not only a technical training ex-
ercise but also a valuable place for open dialogue
between teachers from the different institutions — a
meeting which favored an atmosphere of collabo-
ration where participants could share their experi-

33



METHODOLOGY

H004d JFLIHM

34

Collaborating schools

Goethe-Gymnasium (Flensburg, Schleswig-Holstein)

With 770 students, it stands out for its focus on modern
media and for being a Centre for Highly Gifted and Talented

pupils.
https://www.goethe.flensburg.de/

\

Gymnasium Leopoldinum (Detmold, Nordrhein-Westfalen)

With over 400 years of history, this high school with 900 pupils
specializes in natural sciences and languages, and is a member
of the STEM network of excellence since 2014.

https://www.gymnasium-leopoldinum-detmold.de/

Ve

:
Stadtteilschule Lohbriigge (Hamburgo)

development and professional guidance.

https://stadtteilschule-lohbruegge.hamburg.de/

This high school, with 1,300 pupils, focuses its educational
model on environmental protection, STEM subjects, digital

SPAIN
\

r

IES La Arboleda (Alcorcén, Madrid)

This centre of education has 1,000 pupils and offers training in
Compulsory Secondary Education (ESO), Advanced Level and
Professional Training (both medium and high level) as well as
specialist courses of Video Game Development and VR.

https://site.,educa.madrid.org/ies.laarboleda.alcorcon/

—

IES Margarita Salas (Majadahonda, Madrid)

This secondary school has 1,000 pupils in 4 areas of Compulsory
Secondary Education (ESO) and 8 areas of Advanced Level
Secondary Level, providing solid and diversified training.

https://www.educa2.madrid.org/web/centro.ies.margaritas-
alas.majadahonda

—

IES La Sisla (Sonseca, Toledo)

With a community of 1,200 pupils, the IES La Sisla stands out
for offering both professional training in key areas such as
electricity, health, administration and care for the needy and
training for those pupils who wish to access university.

https://www.ieslasisla.es/
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FINLAND
( \
1 Lappeenranta Kimpinen High School (Lappeenranta)

With 600 pupils, this school offers quality education focusing
on natural sciences and mathematics, guaranteeing integral
academic development.

( )
2 Lappeenrannan Lyseon lukio (Lappeenranta)

With 750 pupils, this upper secondary school offers programmes
in general and scientific areas, focusing on Natural Sciences and
Mathematics.

( \
3 Sammonlahti School (Lappeenranta)

This centre has 950 students and provides training in general
and scientific areas, promoting academic excellence in Natural
Sciences and Mathematics.

BULGARIA

( )
1 SU “Petko Rachov Slaveykov” (Vidin)

Integral school with 450 pupils offering training in IT for
Business and adapted education both full-time, part-time and
one-to-one.

2 Sredno uchilishte “Vasil Levski” (Kula, Vidin)

With more than 190 years of history, this high school of 200
pupils specializes in business communication, accounting, IT
and languages, such as English and German, in addition to being
a member of the Association of Cambridge Schools of Bulgaria.

3 “Tsar Simeon Veliki” Secondary School (Vidin)

With 900 students, this modern school offers subjects specializ-
ing in humanities and natural sciences, and stands out as being
the largest and most advanced school of the region.
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ences, worries and expectations about the use of VR in the classroom. The
debate which was generated led to an enriching exchange of ideas and
best practice allowing people to identify common challenges and joint
solutions. This group dynamic strengthened the cohesion of the group
and ensured a joint understanding of the aims of the projects, establishing
a support network among the participants which went beyond the event
itself and made it possible for ongoing joint work to be carried out.

The sessions, held over 4 days, offered a structured programme combin-
ing theory, practical workshops and spaces for debate and reflection.
This system made it possible for participants to grow familiar with the VR
items and explore their application to teaching in a progressive and prac-
tical manner. After a welcome session in which the goals of the VIRION
project were set out, participants received training about the appropriate
use of VR glasses, safety measures and the configuration of virtual spac-
es, thus preparing the technical bases for the activities in the following
days. The teachers worked with the VR applications designed by VIRION’s
business partner, Premium Cine. These workshops included brief theory
sessions followed by interactive practical sessions to explore the educa-
tional experiences in mathematics, biology, physics and chemistry. Partic-
ipants could experience these items from the point of view of the pupil
and discuss which strategies to use to introduce them effectively in the
classroom. Particular importance was given to the need to document and
assess the impact of the technologies employed and to ensure the quality
of the results and their comparison between the different schools. In addi-
tion, the strategies for diffusion were considered, highlighting internation-
al collaboration by means of the e-Twinning platform.
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Over the course of the training week, the adoption
and definition of a common, active methodology was
an essential element for the success of the project,
especially considering the cultural and educational
complexity of working with different countries. The
diversity of educational ecosystems, approaches to
teaching and cultural contexts is both a challenge
and an opportunity for enriching the project. Estab-
lishing a shared focus made it possible to overcome
these differences and guarantee coherence in the
implementation of the VR tools. By unifying criteria,
the results obtained were similar and significant, ir-
respective of the context in which they were pro-
duced.

Piloting Sessions

The test sessions in the participating schoools were
carried out following a structured protocol which
guaranteed equity and rigor in the assessment pro-
cess of the knowledge pills which were developed for
the project. Each country had a set of 15 VR glasses
which were distributed among the different centres

for the test. This allowed all the schools to access an
essential resource for carrying out the tests in similar
conditions thus ensuring a fair comparison of results.

The tests took place over 3 months of the school year
and each centre planned and carried out the sessions,
adapting them to their own specific needs and the
characteristics of pupils. The tests took place in small
groups of 25 pupils plus the teacher in charge of the
classroom who had the help of an additional desig-
nated assistant to ensure the correct completion of
the activity. During these sessions, half of the pupils
interacted individually with the four teaching items,
while the rest waited their turn, thus preventing over-
use and guaranteeing full concentration in each ex-
perience.
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On completing the interaction with the knowledge pill, each student filled
in an assessment test designed to record their impressions and assess the
impact of the VR tool. This focus, based on the individual assessment of
each item, was essential to avoid phenomena such as cognitive fatigue,
surfeit or confusion caused by the simultaneous assessment of multiple
content. In this way, the reliability of the process and quality of the data
gathered were guaranteed.

This methodology- carefully designed and applied - ensured the validity
and consistency of the results obtained, establishing a solid base from
which to analyze the impact of the four pills in different contexts and
under diverse academic conditions.

AT

Method. Survey design.

One of the main problems observed in the scientific literature about VR
for education is the limited reach of the research carried out. In general,
these studies focus on one single centre of education (one school), or, in
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the best of cases, they use national samples based on
a single country. Consequently, it is crucial to extend
the focus of the research with international studies
which compare the efficiency of these tools in dif-
ferent contexts, particularly in countries with diverse
cultures. This is one of the strengths of VIRION, which
carries out a comparison of four countries located in
different geographic areas of Europe (Finland, Germa-
ny, Spain and Bulgaria) using the same VR material,
created specifically for this research and translated
into the local languages.

Aims

The work for the pilot-testing of VR academic materi-
al sets out the following specific objectives:

1. To measure the level of satisfaction and feeling of
knowledge acquired using the VR lessons for STEM
subjects among secondary school students in the
four participating countries (Finland, Bulgaria,
Spain and Germany).

2. To compare the level of satisfaction among the pu-
pils from the four countries.

3. Based on the data gathered, to improve the teach-
ing-learning processes in STEM subjects (at Sec-
ondary School level) in the European context, us-
ing VR and offering a guide of good practice in the
use of this technology.

4. To create academic materials in VR for STEM sub-
jects which are freely available and free to use and
adapt for all teachers.

Research design

A statistical study was carried out, based on a ques-
tionnaire about 4 immersive VR lessons with teaching
content for STEM subjects, adapted to the syllabus of
Secondary Education (Physics, Chemistry, Mathemat-
ics and Biology). The field work was performed in 12

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

public secondary schools - three for each of the coun-
tries — between May and September 2024. It is worth
pointing out that the key advantage of the project is
that the immersive lessons were created specifically
for this research and written up in the language of
each country. The use of pre-existing VR material was
ruled out. The company specializing in VR interactive
audiovisual production and content - Premium Cine
—which belongs to the project alliance, was in charge
of creating the immersive lessons.

The four VR items have a dynamic nature in which the
students must overcome a series of challenges and
tests to advance in the narrative and learn content.
The research was divided into several phases:

1. Choice of content. The research team and the VR
company, following the advice of teachers of the
STEM subjects in the 12 schools, selected the spe-
cific content for the VR narratives. The material
chosen for each subject was: geometry and visual-
ization of space (Mathematics), structure and cel-
lular functions (Biology), the Periodic Table and its
elements (Chemistry), and concepts of electricity
and magnetism (Physics).

2. Design and development of the immersive lessons.
The VR company Premium Cine, in coordination
with the research team, created the immersive nar-
ratives following the META safety protocols.

3. Teacher training. The teachers from the twelve
centres participated in an in-class training work-
shops in Madrid to familiarize themselves with the
VR items and learn how to apply them in the class-
room.

4, Application in the classroom. Each centre used
the VR equipment for several weeks. Teachers
explained the activities and how the equipment
worked to students who tried them out and prac-
tised with the four lessons for as long as it took to
interact with all the content or, at least, most of it.

39



METHODOLOGY

H008 JLIHM

40

\_I

5. Questionnaire for pupils. On completing their use of each VR item, stu-
dents filled in a questionnaire, the results of which are set out in the
study.

The questionnaire was based on Keller’'s IMMS test (Instructional Material
Motivational Survey) (2010), which focuses on four essentials variables in
the teaching-learning process: (1) Attention, (2) Relevance, (3) Confidence
and (4) Satisfaction of the student with the technology or methodology
used, in this case, VR. These variables are based on Keller's ARCS model
(Attention, Relevance, Confidence, Satisfaction) (1987, 2010), which con-
siders these four aspects as being fundamental for activating motivation
in the process of education. Regarding attention, the study measures the
tool’s ability to keep pupils focused on the tasks set out in the VR les-
sons. Relevance is defined as the level of usefulness perceived from the
knowledge obtained. Confidence is related to the student’s perceived lev-
el of assurance during their interaction with the material. These three di-
mensions converge in the fourth, satisfaction, which predicts good results
when the task is being performed (Cézar Gutiérrez et al.,, 2019). According
to authors such as Cabero et al. (2017), these four variables are inter-relat-
ed: attention is essential for relevance which, in turn, leads to confidence
in learning and these three dimensions, together determine satisfaction.

The final test used in the VIRION project added two further dimensions,
which were considered relevant for our research: (1) Design-Gamabil-
ity-Interactiveness of the VR items and (2) Ease of use and navigation.
Other variables of a socio-demographic nature were also added, such as
gender or age, as well as other previous experience with VR and video
games (see Table 1).

For the questionnaire, students had to express their degree of agreement
with the statements in the text (see Table 1), where 1 means “Totally
agree” and 5 “Totally disagree”. Although the original test uses the Likert
scale with 7 levels (1-7), the final questionnaire only included 5 (1-5). The
study carried out in Spain was approved by the Ethics Committee of the
Universidad Rey Juan Carlos.
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Table 1
Questionnaire
Item (question) from questionnaire Categories
Q1. Gender Female
Male
Non-binary
Prefer not to say
Q2. Age 14
15
16
Q3. School [each pupil selects name]
Q4. Subject (pill) Mathematics
Biology
Chemistry
Physics
Q5. | like the subject Likert (1-5)
Q6. Do you own or have you used VR glasses in the past? Yes
No
Q7.1 have experience with video games and play them regularly Likert (1-5)

IMMS Instrument

Dimension 1. Design-Gamability-Interactiveness

Q8. The lesson is like a game Likert (1-5)
Q9. | liked the design of the application Likert (1-5)
Q10. The lesson is interactive Likert (1-5)
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Dimension 2. Ease of use and navigation

Q11. The item is easy to use Likert (1-5)
Q12. The instructions of the lesson are easy to understand Likert (1-5)
Q13. Navigation is simple Likert (1-5)
Q14.1do not have any sensation of dizziness when navigating the lesson Likert (1-5)
Dimension 3. Attention

Q15. The virtual reality experience helps me pay attention Likert (1-5)
Q16. The design of the app helps me pay attention Likert (1-5)
Q17. Having a lot of exercises in the app helps me pay attention Likert (1-5)
Dimension 4. Relevance

Q18. This class is related to things which | have already studied Likert (1-5)
Q19. After this experience, | am keen to learn more about the lesson Likert (1-5)
Q20. The lesson is useful from the academic point of view Likert (1-5)
Q21. I have learnt new things thanks to the lesson Likert (1-5)
Dimension 5. Confidence in the learning process

Q22. While working on this lesson, | was sure that | would learn the content Likert (1-5)
Q23. After working on this lesson, | feel more sure that | would pass an Likert (1-5)
exam about the subject

Q24. The design of the lesson assures me that | will learn the content Likert (1-5)
Dimension 6. Satisfaction

Q25. | enjoyed the class so much with virtual reality that | would like to Likert (1-5)
know more about its content

Q26. | enjoyed this lesson with virtual reality Likert (1-5)
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ll- Results

A total of 2,043 answers were received from Secondary School pupils from
the four participating countries. By gender, 41.9% were female, 53.3%
male and 3.8% preferred not to state their gender with 1% identifying
as non-binary. The average age of students was 15.12 years old. In terms
of previous experience with VR, 51.6% said they had used VR previously
whereas 48.4% had no prior experience of this technology.

The results obtained show that the highest-rated dimension in VR has to
do with an interactive design and gamified nature of the items (Q8-Q10),
with an average score in the three questions of 3.92/5. In fact, two of the
items in this dimension recorded the two best scores of the whole ques-
tionnaire (Q10. The lesson is interactive: 3.97/5; and Q9. | liked the design
of the application: 3.93/5). Therefore, the generally high satisfaction of
pupils with the VR experience, (Q25 and Q26), with an average score in
both questions 3.72/5, is more commonly a consequence of the interac-
tive design of the lessons, i.e, in their structural make-up, than in other
aspects which focus more on their strength and teaching relevance, as
will be explained below.

The ease of use of software in VR is also particularly highly valued
(Q11-Q14), a dimension which scores 3.63/5. The ability of this technol-
ogy to hold users’ attention (Q15-Q17) and the perceived relevance of
the knowledge acquired (Q18-Q21) score highly (3.48/5 in both cases), al-
though they are far from the highest ranked dimension which, as we said
above, is that which concerns the design and interactivity of the lessons.

However, even though the dimension related to the usefulness of the
items records satisfactory results, the data of one of the questions includ-
ed in that dimension — Q14, about the sensation of dizziness during the VR
experience — are notably worse then those for the other questions in that
dimension. That result coincides with previous studies which indicate that
this type of technology is not exempt from problems such as stereoscopic
tiredness of the eyes (Guo et al,, 2024) and motion sickness which, even
though there have been improvements in recent years, still exist (Chiro-
que, 2024).

The main aspect which must be improved is confidence/assurance of learn-
ing from the content. This dimension (Q22-Q24) is the one with the lowest
average score (3.25/5). In fact, the three questions in this section are the
ones with the lowest scores of the whole questionnaire. For that reason,
for a correct inclusion of VR in classrooms, it is crucial that measures be
established to ensure and strengthen the assurance and confidence in the
learning acquired from using these tools. This can be achieved by imple-
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menting this technology in controlled and safe envi-
ronments, promoting learning by experience, creating
materials which provide immediate feedback (thus al-
lowing students to correct mistakes and improve their
skills in real time, as well as monitoring their progress
and detecting more easily the areas to be improved)
and promoting collaborative learning experiences in
these immersive, virtual environments (Makhataeva y
Varol, 2020; Xu et al,, 2022).

Therefore, formative assessments must be introduced
over the course of the VR lessons so that students
can measure their progress and better understand
contents. Similarly, we recommend the creation of
teaching material in VR with an effective, instructive
design ensuring that the learning objectives are clear
and reachable and, in particular, that guide the stu-
dents through the content step by step. To do so, we
recommend viewing (using video materials) and the
teacher explaining beforehand which tasks are to be
performed in VR, how they are related to the subject
and the aims of the experience with this technology.
Together, these strategies make up examples of best
practice for obtaining optimum results with the use of
these tools.
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Outcomes from the pilot sessions

Table 1. General Data

ltem Average / Percentage
1. Gender

Female 419 %
Male 53.3%
Prefer not to say 3.8%
Non-binary 1%
2. Age 1512
3. Country

Spain 25%
Germany 26%
Bulgaria 24.3%
Finland 24.7%
4. Subject

Mathematics 29.00%
Biology 27.6%
Chemistry 22.7%
Physics 20.7%
5.1like the subject 3.61
6. Do you own or have you used VR glasses in the past?

No 48.4%
Yes 51.6%
7. | have experience with video games and play them regularly 351
Dimension 1. Design-Gamability-Interactiveness 3.92
8. The lesson is like a game 3.88
9.1 liked the design of the application 393
10. The lesson is interactive 3.97
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Dimension 2. Ease of use and navigation 3.63
11. The item is easy to use 3.68
12. The instructions of the lesson are easy to understand 3.72
13. Navigation is simple 3.67
14.1do not have any sensation of dizziness when navigating the lesson 3.45
Dimension 3. Attention 3.48
15. The virtual reality experience helps me pay attention 3.58
16. The design of the app helps me pay attention 3.45
17. Having a lot of exercises in the app helps me pay attention 342
Dimension 4. Relevance 3.48
18. This class is related to things which | have already studied 3.55
19. After this experience, | am keen to learn more about the lesson 3.46
20. The lesson is useful from the academic point of view 3.59
21. 1 have learnt new things thanks to the lesson 335
Dimension 5. Confidence in the learning process 3.25
22. While working on this lesson, | was sure that | would learn the content 333
23. After working on this lesson, | feel more sure that | would pass an 319
exam about the subject

24. The design of the lesson assures me that | will learn the content 3.23
Dimension 6. Satisfaction 372
25. | enjoyed the class so much with virtual reality that | would like to 355
know more about its content

26. | enjoyed this lesson with virtual reality 3.9
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General Chart 1. Gender

4% 1%

42%
53%

mFemale mMale mPrefernottosay mNon-binariy

General Chart 2. Do you own or have you used VR glasses in the past?

48.4%
51.6%

B No mYes
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Chart 3. Dimension 1. Design-Gamability-Interactiveness. Comparision per country

8. The lesson is like a game 9.1 liked the design of the 10. The lesson is interactive
application

M Spain @ Germany M Bulgaria M Finland

Chart 4. Dimension 2. Ease of use and navigation. Comparison per country

11. The itemis easy to 12. The instructions of 13. Navigation is 14.1do not have any

use the lesson are easy to simple sensation of dizziness
understand when navigating the
lesson

HSpain @ Germany M Bulgaria M Finland

Chart 5. Dimension 3. Attention. Comparison per country

15. The virtual reality 16. The design of the app 17. Having a lot of exercises in
experience helps me pay helps me pay attention the app helps me pay
attention attention

B Spain = Germany M Bulgaria M Finland
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Chart 6. Dimension 4. Relevance. Comparison per country

18. This class is 19. After this 20. The lesson is 21.1 have learnt new
related to things  experience, | am keen useful from the things thanks to the
which | have already to learn more about academic point of lesson
studied the lesson view

B Spain = Germany M Bulgaria MFinland

Chart 7. Dimension 5. Confidence in the learning process. Comparison per country

22. While working on this 23. After working on this 24. The design of the lesson
lesson, | was sure that | lesson, | feel more sure that|  assures me that | will learn
would learn the content would pass an exam about the content

the subject

HSpain = Germany M Bulgaria ™ Finland

Chart 8. Dimension 6. Satisfaction. Comparison per country

25. 1 enjoyed the class so much with virtual 26. | enjoyed this lesson with virtual reality
reality that | would like to know more about
its content

M Spain ™ Germany M Bulgaria MFinland
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Table 2. Spain Data

ltem Average / Percentage
1. Gender

Female 36.9%
Male 58%
Prefer not to say 51%
Non-binary 0
2. Age 1510
4. Subject

Mathematics 25.7%
Biology 30.8%
Chemistry 24.9%
Physics 18.6%
5.1 like the subject 3.63
6. Do you own or have you used VR glasses in the past?

No 52.7%
Yes 47.3%
7. | have experience with video games and play them regularly 3.53
Dimension 1. Design-Gamability-Interactiveness 4,08
8. The lesson is like a game 4,01
9.1 liked the design of the application 4.06
10. The lesson is interactive 419
Dimension 2. Ease of use and navigation 3.56
11. The item is easy to use 3.77
12. The instructions of the lesson are easy to understand 3.79
13. Navigation is simple 3.7
14.1 do not have any sensation of dizziness when navigating the lesson 2.98
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Dimension 3. Attention 3.65
15. The virtual reality experience helps me pay attention 371
16. The design of the app helps me pay attention 3.64
17. Having a lot of exercises in the app helps me pay attention 3.6
Dimension 4. Relevance 3.56
18. This class is related to things which | have already studied 3.94
19. After this experience, | am keen to learn more about the lesson 347
20. The lesson is useful from the academic point of view 374
21. 1 have learnt new things thanks to the lesson 3.09
Dimension 5. Confidence in the learning process 317
22.While working on this lesson, | was sure that | would learn the content 3.15
23. After working on this lesson, | feel more sure that | would pass an 3.09
exam about the subject

24. The design of the lesson assures me that | will learn the content 3.28
Dimension 6. Satisfaction 3.84
25. | enjoyed the class so much with virtual reality that | would like to 367
know more about its content

26. | enjoyed this lesson with virtual reality 401
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Table 3. Bulgaria Data

ltem Average / Percentage
1. Gender

Female 49.5%
Male 48.3%
Prefer not to say 2.2%
Non-binary 0

2. Age 1521
4. Subject

Mathematics 20.7%
Biology 24.1%
Chemistry 31.8%
Physics 23.3%
5.1 like the subject 3.66
6. Do you own or have you used VR glasses in the past?

No 751%
Yes 24.9%
7. | have experience with video games and play them regularly 3.72
Dimension 1. Design-Gamability-Interactiveness 4.24
8. The lesson is like a game 416
9.1 liked the design of the application 4.25
10. The lesson is interactive 433
Dimension 2. Ease of use and navigation 410
11. The item is easy to use 413
12. The instructions of the lesson are easy to understand 4.09
13. Navigation is simple 4.07
14.1 do not have any sensation of dizziness when navigating the lesson 412
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Dimension 3. Attention 4.08
15. The virtual reality experience helps me pay attention 4.09
16. The design of the app helps me pay attention 41
17. Having a lot of exercises in the app helps me pay attention 4.06
Dimension 4. Relevance 411
18. This class is related to things which | have already studied 3.95
19. After this experience, | am keen to learn more about the lesson 41
20. The lesson is useful from the academic point of view 4.25
21. 1 have learnt new things thanks to the lesson 414
Dimension 5. Confidence in the learning process 412
22.While working on this lesson, | was sure that | would learn the content 413
23. After working on this lesson, | feel more sure that | would pass an 408
exam about the subject

24. The design of the lesson assures me that | will learn the content 416
Dimension 6. Satisfaction 443
25. | enjoyed the class so much with virtual reality that | would like to 433
know more about its content

26. | enjoyed this lesson with virtual reality 453

55



RESULTS

H004d JFLIHM

56

Table 4. Finland Data

ltem Average / Percentage
1. Gender

Female 44.6%
Male 51.2%
Prefer not to say 4.2%
Non-binary 0%
2. Age 15.23
4. Subject

Mathematics 43.5%
Biology 24.6%
Chemistry 13.7%
Physics 18.3%
5.1 like the subject 3.53
6. Do you own or have you used VR glasses in the past?

No 34.7%
Yes 65.3%
7. | have experience with video games and play them regularly 3.46
Dimension 1. Design-Gamability-Interactiveness 3.59
8. The lesson is like a game 3.56
9.1 liked the design of the application 3.67
10. The lesson is interactive 3.54
Dimension 2. Ease of use and navigation 3.48
11. The item is easy to use 342
12. The instructions of the lesson are easy to understand 3.45
13. Navigation is simple 3.49
14.1 do not have any sensation of dizziness when navigating the lesson 3.57
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Dimension 3. Attention 3.07
15. The virtual reality experience helps me pay attention 335
16. The design of the app helps me pay attention 292
17. Having a lot of exercises in the app helps me pay attention 2.96
Dimension 4. Relevance 313
18. This class is related to things which | have already studied 295
19. After this experience, | am keen to learn more about the lesson 3.39
20. The lesson is useful from the academic point of view 2.99
21. 1 have learnt new things thanks to the lesson 321
Dimension 5. Confidence in the learning process 2.81
22.While working on this lesson, | was sure that | would learn the content 2.93
23. After working on this lesson, | feel more sure that | would pass an 291
exam about the subject

24. The design of the lesson assures me that | will learn the content 261
Dimension 6. Satisfaction 2.96
25. | enjoyed the class so much with virtual reality that | would like to 288
know more about its content

26. | enjoyed this lesson with virtual reality 3.04
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Table 5. Germany Data

ltem Average / Percentage
1. Gender

Female 37.2%
Male 55.3%
Prefer not to say 3.8%
Non-binary 3.8%
2. Age 14.94
4. Subject

Mathematics 26.3%
Biology 30.6%
Chemistry 20.7%
Physics 22.4%
5.1 like the subject 3.59
6. Do you own or have you used VR glasses in the past?

No 321%
Yes 67.9%
7. | have experience with video games and play them regularly 334
Dimension 1. Design-Gamability-Interactiveness 3.79
8. The lesson is like a game 3.78
9.1 liked the design of the application 3.78
10. The lesson is interactive 3.82
Dimension 2. Ease of use and navigation 3.38
11. The item is easy to use 34
12. The instructions of the lesson are easy to understand 3.55
13. Navigation is simple 3.44
14.1 do not have any sensation of dizziness when navigating the lesson 315
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Dimension 3. Attention 314
15. The virtual reality experience helps me pay attention 318
16. The design of the app helps me pay attention 315
17. Having a lot of exercises in the app helps me pay attention 31
Dimension 4. Relevance 318
18. This class is related to things which | have already studied 3.38
19. After this experience, | am keen to learn more about the lesson 293
20. The lesson is useful from the academic point of view 34
21. 1 have learnt new things thanks to the lesson 3.02
Dimension 5. Confidence in the learning process 292
22.While working on this lesson, | was sure that | would learn the content 312
23. After working on this lesson, | feel more sure that | would pass an 272
exam about the subject

24. The design of the lesson assures me that | will learn the content 292
Dimension 6. Satisfaction 3.68
25. | enjoyed the class so much with virtual reality that | would like to 334
know more about its content

26. | enjoyed this lesson with virtual reality 4.02
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Table 6. Chemistry VR Material Data

ltem Average / Percentage
1. Gender

Female 40.3%
Male 55.2%
Prefer not to say 3.4%
Non-binary 11%
2. Age 15.06
5. I like the subject 3.70
6. Do you own or have you used VR glasses in the past?

No 53.7%
Yes 46.3%
7. | have experience with video games and play them regularly 3.53
Dimension 1. Design-Gamability-Interactiveness 3.94
8. The lesson is like a game 391
9.1 liked the design of the application 391
10. The lesson is interactive 401
Dimension 2. Ease of use and navigation 3.72
11. The item is easy to use 3.84
12. The instructions of the lesson are easy to understand 3.85
13. Navigation is simple 3.75
14.1do not have any sensation of dizziness when navigating the lesson 3.44
Dimension 3. Attention 3.58
15. The virtual reality experience helps me pay attention 3.63
16. The design of the app helps me pay attention 3.57
17. Having a lot of exercises in the app helps me pay attention 3.55
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Dimension 4. Relevance 3.64
18. This class is related to things which | have already studied 374
19. After this experience, | am keen to learn more about the lesson 3.64
20. The lesson is useful from the academic point of view 3.79
21.1 have learnt new things thanks to the lesson 342
Dimension 5. Confidence in the learning process 341
22.While working on this lesson, | was sure that | would learn the content 341
23. After working on this lesson, | feel more sure that | would pass an 341
exam about the subject

24. The design of the lesson assures me that | will learn the content 342
Dimension 6. Satisfaction 3.88
25. | enjoyed the class so much with virtual reality that | would like to 373
know more about its content

26. 1 enjoyed this lesson with virtual reality 4.03
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Table 7. Mathematics VR Material Data

ltem Average / Percentage
1. Gender

Female 43.7%
Male 51,8%
Prefer not to say 3.7%
Non-binary 0.8%
2. Age 15.2
5. I like the subject 3.48
6. Do you own or have you used VR glasses in the past?

No 46.4%
Yes 53.6%
7. | have experience with video games and play them regularly 3.36
Dimension 1. Design-Gamability-Interactiveness 3.77
8. The lesson is like a game 3.70
9.1 liked the design of the application 3.84
10. The lesson is interactive 3.78
Dimension 2. Ease of use and navigation 3.52
11. The item is easy to use 3.44
12. The instructions of the lesson are easy to understand 3.49
13. Navigation is simple 3.56
14.1do not have any sensation of dizziness when navigating the lesson 3.59
Dimension 3. Attention 3.39
15. The virtual reality experience helps me pay attention 3.59
16. The design of the app helps me pay attention 333
17. Having a lot of exercises in the app helps me pay attention 3.26
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Dimension 4. Relevance 3.36
18. This class is related to things which | have already studied 3.50
19. After this experience, | am keen to learn more about the lesson 3.38
20. The lesson is useful from the academic point of view 3.38
21.1 have learnt new things thanks to the lesson 3.20
Dimension 5. Confidence in the learning process 314
22.While working on this lesson, | was sure that | would learn the content 321
23. After working on this lesson, | feel more sure that | would pass an 310
exam about the subject

24. The design of the lesson assures me that | will learn the content 313
Dimension 6. Satisfaction 3.6
25. | enjoyed the class so much with virtual reality that | would like to 343
know more about its content

26. 1 enjoyed this lesson with virtual reality 3.77
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Table 8. Physics VR Material Data

ltem Average / Percentage
1. Gender

Female 39.6%
Male 55%
Prefer not to say 4.5%
Non-binary 0.9%
2. Age 1511
5. I like the subject 3.48
6. Do you own or have you used VR glasses in the past?

No 47.6%
Yes 52.4%
7. | have experience with video games and play them regularly 3.61
Dimension 1. Design-Gamability-Interactiveness 4.03
8. The lesson is like a game 4,01
9.1 liked the design of the application 4.02
10. The lesson is interactive 4.08
Dimension 2. Ease of use and navigation 3.60
11. The item is easy to use 3.67
12. The instructions of the lesson are easy to understand 3.72
13. Navigation is simple 3.69
14.1do not have any sensation of dizziness when navigating the lesson 335
Dimension 3. Attention 342
15. The virtual reality experience helps me pay attention 351
16. The design of the app helps me pay attention 3.40
17. Having a lot of exercises in the app helps me pay attention 3.36
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Dimension 4. Relevance 3.38
18. This class is related to things which | have already studied 331
19. After this experience, | am keen to learn more about the lesson 334
20. The lesson is useful from the academic point of view 3.52
21.1 have learnt new things thanks to the lesson 335
Dimension 5. Confidence in the learning process 31
22.While working on this lesson, | was sure that | would learn the content 3.26
23. After working on this lesson, | feel more sure that | would pass an 295
exam about the subject

24. The design of the lesson assures me that | will learn the content 3.09
Dimension 6. Satisfaction 3.64
25. | enjoyed the class so much with virtual reality that | would like to 345
know more about its content

26. 1 enjoyed this lesson with virtual reality 3.84
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Table 9. Biology VR Material Data

ltem Average / Percentage
1. Gender

Female 433%
Male 52%
Prefer not to say 3,70%
Non-binary 11%
2. Age 15.08
5. I like the subject 3.76
6. Do you own or have you used VR glasses in the past?

No 46.6%
Yes 53.4%
7. | have experience with video games and play them regularly 3.58
Dimension 1. Design-Gamability-Interactiveness 3.98
8. The lesson is like a game 3.93
9.1 liked the design of the application 3.98
10. The lesson is interactive 4.04
Dimension 2. Ease of use and navigation 3.68
11. The item is easy to use 3.79
12. The instructions of the lesson are easy to understand 3.84
13. Navigation is simple 3.72
14.1do not have any sensation of dizziness when navigating the lesson 3.39
Dimension 3. Attention 3.53
15. The virtual reality experience helps me pay attention 3.57
16. The design of the app helps me pay attention 3.50
17. Having a lot of exercises in the app helps me pay attention 3.54
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Dimension 4. Relevance 3.57
18. This class is related to things which | have already studied 3.64
19. After this experience, | am keen to learn more about the lesson 3.49
20. The lesson is useful from the academic point of view 3.70
21.1 have learnt new things thanks to the lesson 3.46
Dimension 5. Confidence in the learning process 334
22.While working on this lesson, | was sure that | would learn the content 343
23. After working on this lesson, | feel more sure that | would pass an 329
exam about the subject

24. The design of the lesson assures me that | will learn the content 3.30
Dimension 6. Satisfaction 3.79
25. | enjoyed the class so much with virtual reality that | would like to 359
know more about its content

26. 1 enjoyed this lesson with virtual reality 3.99
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The experience of the pilot tests from the
teachers’ perspective

With the use of VR in the participating centres, teachers have identified
recurring problems such as the difficulty in matching applications with
the school syllabus, the initial complications with the use of VR glasses
and the need for technical support inside the classroom. In addition, all
teachers highlight the need to improve the applications so that they are
more intuitive and functional for teaching.

However, not all countries have tackled the use of VR as a teaching tool
from the same starting point. There are differences between participants,
related to specific features of the region, which must be considered: in
Germany and Finland the advanced technological infrastructure and
greater familiarity with video games made it easier to adapt whereas
in Spain and Bulgaria the lack of previous experience and restrictions in
terms of technical support made its introduction more difficult. These re-
sults reveal that the introduction of VR in the classroom must be adapted
to the conditions and resources of each context, with specific training and
content designed for the needs of each teaching environment.

Common problems:
1. Recognized teaching potential:

- In all countries, teachers acknowledged the high teaching potential
of VR, especially for complex subjects and immersive viewing in sci-
ences.

- Recognition of its novelty as a teaching tool. There is a consensus
surrounding its ability to motivate students and enrich learning ex-
periences.

2. Technical problems and adaptation:

- The teachers in the four countries spoke, to different degrees, about

the initial problems associated with the technical configuration and

need for support when installing and using VR glasses.

- The difficulties for some students and teachers in the use of controls
and familiarization with the interface were recurring problems.
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3. Fatigue and dizziness:

- In all of the countries, a significant number of
students experienced tired vision, dizziness or
discomfort after prolonged sessions, highlighting
the need to regulate the time of use.

4, Challenges for syllabus integration:

- Teachers agree that VR is more effective as a
complement for traditional methodologies rath-
er than a substitute. They acknowledged the
need to develop applications which match sylla-
bus content.

5. Importance of working together:

- In every context, participants highlighted the effec-
tiveness of working in pairs or groups, where one
person guides and another uses the glasses, thus
optimizing resources and promoting cooperation.

Specific circumstances:

1. Previous experience and familiarity with the tech-
nology:

- In some contexts, teachers and pupils had more
familiarity with advanced technology and video
games, making it easier to use the glasses at first.

- In other cases, previous experience with VR de-
vices was limited, leading to a steeper learning
curve.

2. Technical support and preparation:
- There are cases of detailed technical planning,
including learning environments prepared be-

forehand and available technical support.

- In other contexts, the limited technical support
and training made sessions more difficult.

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

3. Perceived usefulness of applications:

- Some participants considered applications intui-
tive after a brief adaptation period.

- Others reported greater difficulty in the use of
glasses and controls, especially students with
less technological experience.

4. Use in different subjects:

- In certain cases, VR was applied in a variety of
subjects such a as mathematics, biology, chemis-
try and physics.

- In others, use was more limited, focusing on spe-
cific subjects such as mathematics and chemistry.

5. Acknowledged level of innovation:

- Some perceived VR as a resource with potential
to become a regular tool after some improve-
ments in its content.

- In other contexts it was considered more of a
complementary or fun experience, with no signif-
icant impact on methodology.

6. Perception of content design:

- In general, the feedback on the general design of
applications was positive although some areas of
improvement for the current content were iden-
tified.

- In other cases, the quality of the contents was

criticized and also the lack of “fit” with syllabus
objectives.
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Good practices for the design and use of VR
applications

The incorporation of new technologies in education has brought new
opportunities for enriching the teaching and learning processes. One of
these tools is VR, offering practical, interactive, 360° viewings, which is
difficult to achieve with traditional simulators. However, to guarantee its
success in teaching environments, a structured approach must be adapt-
ed, combining technological innovation with solid teaching principles.

This guide of best practices arises from the experience and analysis of
teachers from Finland, Germany, Bulgaria and Spain who have employed
VR applications in the context of the VIRION project. This practical guide
will serve both software designers and teachers who want to start using VR
in their classrooms, considering factors such as usefulness, syllabus appro-
priateness, student health and safety and the teaching potential of the tool.

The purpose of these recommendations is to maximize the education-
al impact of VR, promoting significant learning, student motivation and
adaptation to the needs of each subject. These recommendations cov-
er both the design of the applications and their incorporation into the
classroom, two factors which must be complementary and be considered
in unison to maximize the effectiveness of VR technology in the field of
education. This document not only stimulates its readers to explore the
possibilities for technology in education but also establishes a framework
for responsible, efficient and accessible use for all participants in the ed-
ucation environment.

Facilitating access and planning sustainability of VR technology

The implementation of VR in education must guarantee a fair access to
the technology and plan its long-term sustainability, ensuring its educa-
tional, technological and economic feasibility.

Actions:

« To provide accessible devices and content: Guaranteeing the availabili-
ty of affordable VR glasses and access to libraries with relevant content
(ClassVR), including free, open access material.

- Training teachers in content creation: Training teachers to design per-
sonalized material in order to reduce dependence on external suppliers
and promote educational autonomy.
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« Planning technological renovation: Designing strat-
egies to update equipment and software periodical-
ly thus ensuring compatibility with technological
advances and optimizing use.

Example: A teaching kit including VR glasses, access
to a platform such as ClassVR with scientific simu-
lations, intuitive software which allows teachers to
design interactive personalized lessons. In addition,
incorporating free content in key areas such as math-
ematics and science to help communities where bud-
gets are limited.

Planned syllabus integration

It is important to ensure that VR activities are directly
linked to the school syllabus and its learning objectives.

Actions:

- Software creators must work alongside teachers to
design applications which match the requirements
of the course.

e Including exercises which deal with abstract con-
cepts which are hard to visualize (such as molecular
structures or three-dimensional systems).

 Planning VR sessions are a complement for tradi-
tional teaching, not a substitute.

Example: Teachers should select specific activities to
explore VR. For example, in biology, during an anato-
my class, students can interact with a 3-dimensional
model of the heart to observe blood flow through cav-
ities, valves and arteries.

User friendliness

The design of applications must be easy to use and
understand, even for pupils with little technological
experience.

Actions :

 Implementing introductory tutorials which explain
the use of glasses and controls.

e Designing clear interfaces and intuitive buttons thus
preventing information overload.

 Adapting the design for beginners to ensure that ap-
plications are accessible and easy to use, even for
people with no prior experience in video games or
virtual environments. Controls should be basic and
navigation clear and simple.

Example: An application for geometry which allows
3-D figures to be moved around with simple controls
and clear feedback.

Inclusion and accessibility

The implementation of VR in education must guaran-
tee fairness and meet the needs of all pupils, includ-
ing those with limited abilities or from disadvantaged
communities, favoring fair and inclusive access.
Actions:

« Asssiting special needs students: Developing adapt-

ed VR tools and applications for students with hear-
ing, visual or physical disabilities to ensure their ac-
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tive participation in learning activities.

- Designing accessible contents: Incorporating such functions as subtitles,
audio descriptions and adapted controls which allow all students to inter-
act comfortably with the VR applications.

Example: A teaching application for exploring virtual historic sites
equipped with subtitles for students with hearing difficulties, a narrated
description for students with sight impediments and controls adapted for
students with limited mobility.

Appropriate duration

To regulate the time of use in order to prevent visual fatigue and dizziness
of students.

Actions:

« Limiting sessions to 10-15 minutes per group with rest intervals in be-
tween.

« Incorporating a system of alerts to remind students when they should
take a break.

« Prioritizing brief sessions for specific concepts, avoiding prolonged
complex activities in one given session.

Example: Alternating the use of VR with group discussions or back-up
tasks outside the virtual environment.

Previous technical preparation

Setting up the space in the classroom and testing all devices before class
to avoid technical problems during the session.
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Actions:

 Checking glasses, controllers and software before-
hand to make sure they are working properly.

- Setting up work stations with enough room so that
students can move around safely.

- Providing clear instructions and checklists for the
teachers in charge.

Example: Setting up the classroom with VR stations
and synchronized tablets to guide students.

Designing joint activities in which students work in
pairs to optimize learning and minimize disruption.

Actions:

- Establishing alternating roles: one student uses the
glasses and the other guides from a screen or tablet.

» Promoting cooperation to solve problems and com-
plete tasks related to the content.

« Designing applications which require simultaneous
actions from both roles.

Example: In a biology simulation, one pupil explores
the cell while the other identifies organelles on a
shared screen.

Offering content which can be adapted and regulated
depending on the level and needs of the pupil, with
clear objectives.

Actions:

* To include progressive levels of difficulty to stimu-
late continuous learning.

« To design applications with questions or tasks so as
to encourage critical analysis and not only passive
exploration.

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

« To avoid environments with overload or which are
too simple so as not to distract or bore the student.

Example: A physics application which simulates elec-
tric circuits where the complexity of the connections
on each level can be increased.

Providing teachers with tools to monitor in real time
what students are seeing in VR.

Actions:

e To develop software which reflect on external
screens what is being viewed on the glasses.

« To provide teachers with controls to pause or guide
the activity if the student strays from the objective.

 To train teachers for the use of technologies and
strategies of effective supervision.

Example: During a chemistry simulation, the teacher
can point out mistakes or guide the student in real
time from a projected screen.

Designing applications with actions which could not
be carried out in a normal classroom. VR must provide
a differentiating element that cannot be substituted
by a real experience or on a 2-D screen.

Actions:

» To create flexible tools that allow the teacher to
modify content according to the needs of the class.

e To enrich simulations with immersive features
which are specific to each subject.

» To include additional resources such as virtual li-
braries or interactive experiments.

Example: The use of VR in physics to simulate labora-
tory experiments.
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Focus on health and safety

Prioritizing pupils’ physical and mental health, minimizimg the risks asso-
ciated with VR.

Actions:

« Instructing students on how to use glasses in a safe way and detecting
signs of discomfort.

« Assessing students’ aptitude for using VR beforehand, identifying possi-
ble medical restrictions.

* Incorporating mechanisms which ease movements in the virtual envi-
ronment to reduce dizziness and vertigo.

Example: Including options for controlling sensitivity to adjust movements
in highly dynamic simulations.

Assessment and continuous improvement:

To implement a feedback cycle for assessing the teaching impact and ad-
justing tools in accordance with results.

Actions:

 Gathering data about learning and the experience of students after
each session.

« Involving teachers and students in the ongoing design of applications to
identify areas for improvement.

- Defining clear indicators for measuring the success of applications, such
as how well pupils retain concepts and their level of motivation.

Example: Promoting continuous training of teachers accompanied by on-
going technical support all of which covers both teacher training and the
design and implementation of teaching applications.

Promoting collaboration with the industry
The collaboration between the education sector, technological industry

and public institutions is essential for guaranteeing the creation, updating
and sustainability of VR contents to be used in school programmes.
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Actions:

- Joint development: Establishing strategic alliances
with technological companies and universities to
co-create VR teaching contents which match the
aims of the syllabus and meet the specific demands
of the classroom.

 Promoting continuous updates: Encouraging public
and private institutions to participate actively in the
production and renovation of VR contents, making
sure they are relevant and technologically state-of-
the-art

- Promoting public policies: Boosting government ini-
tiatives to promote the integration of VR in the ed-
ucation system by means of funding programmes,
tax incentives for content developers and teaching
training in technology.

Example: A collaboration programme between the
Ministry of Education, technology companies such
as Meta and local universities to develop interactive
simulations for science with technical support and
continuous training for teachers. In addition, launch-
ing a public policy to subsidize the purchase of VR
equipment for rural and urban schools with limited
resources.

Planning long-term sustainability

The integration of VR in education requires strategic
planning to guarantee feasibility and relevance over
time, bearing in mind economic, technological and
teaching factors.

Actions:

« Cost evaluation: Carrying out detailed cost-benefit
analysis of the implementation of VR compared to
other teaching technologies, ensuring an efficient
investment with a positive impact on learning.

e Planning technological updating: Designing strate-
gies for the periodic renovation of equipment and
software, maintaining compatibility with techno-

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

logical advances and avoiding the premature
obsolescence of resources.

 Promoting the development of their own content:
Training teachers so that they can create and
adapt personalized teaching material, reducing
the dependence upon external suppliers and
promoting the autonomy of teaching institutions.

Example: A 5-year plan for schools which includes
the renewal of VR equipment every 3 years, yearly
training of teachers in the design of content using
free or low-cost software and a periodic analysis of
the educational and financial impact to guarantee
the sustainability of the project.
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Introduction
to lesson plans
and examples

Integrating VR Technology into Education

Traditional teaching methods often struggle to provide students with
hands-on, immersive learning experiences—especially in subjects like
Science, Technology, Engineering, and Mathematics (STEM). VR technolo-
gy addresses this challenge by offering interactive, visually enriched, and
experiential learning environments. Virtual reality (VR) is transforming
education by providing immersive learning experiences that enhance stu-
dent engagement and understanding.

The integration of VR into school lessons aligns seamlessly with the STEM
methodology. In this White Book we introduce lesson plans in Mathemat-
ics, Chemistry, Physics, and Biology, demonstrating how Oculus Quest
2.0/3.0 VR glasses and custom-designed VR applications developed with-
in an Erasmus+ project VIRION can revolutionize classroom teaching.

Why use VR in STEM education?

Virtual reality (VR) offers interactive and dynamic ways for students to
engage with complex scientific and mathematical concepts. The benefits
of VR integration include:

- Enhanced visualization — Students can explore abstract or microscopic
concepts (e.g., atomic structures, magnetic fields, cellular organelles) in
a 3D space.

- Experiential learning — Hands-on experiences with VR applications rein-
force theoretical knowledge through active participation.

« Increased engagement — VR’s novelty and interactivity foster deeper
interest and motivation. Gamification elements enhance engagement,
encouraging curiosity and exploration. Studies show that students using
VR are more focused and motivated compared to traditional learning
methods.

- Safe experimentation — VR allows for the simulation of hazardous ex-
periments or inaccessible environments. Students can safely explore
chemical reactions or electrical circuits without the risk of injury or ma-
terial waste.

« Bridging the Gap Between Theory and Practice — Many students strug-
gle to connect theoretical knowledge with real-world applications. VR
simulations help bridge this gap by allowing them to interact with re-
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alistic scenarios. For instance, in a Physics lesson,
students can construct and manipulate electrical
circuits within a virtual escape-room challenge.

Each subject-specific lesson plan, developed by teach-
ers participating in the VIRION project, incorporates
VR applications (Math, Chemistry, Biology and Phys-
ics) specifically developed for this project, aligning
with modern pedagogical approaches.

Lesson plans and VR applications

Mathematics — Geometry and Spatial Visualization

Lesson Objective: Develop spatial reasoning and
understanding of geometric shapes and transforma-
tions.

VR Application: Students manipulate 3D geometric
shapes (e.g., spheres, cubes, prisms) and apply Bool-
ean operations (union, subtraction, intersection) to
create complex structures.

Activities:

« Explore basic shapes and their properties in a virtu-
al environment.

 Apply transformations (rotation, scaling) to visual-
ize geometric principles dynamically.

» Work collaboratively to solve spatial puzzles.

Assessment: Observation of students' ability to manip-
ulate shapes and solve spatial reasoning tasks.

the European Union

VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION

Biology — Prokaryotic vs. Eukaryotic Cells

Lesson Objective: Compare and contrast the
structure and functions of different cell types.

VR Application: Students enter virtual labora-
tories to build prokaryotic and eukaryotic cells
by assembling their organelles.

Activities:

« Explore a virtual lab environment.

- Identify and place organelles in their correct
locations.

e Discuss cell functions and their impact on
living organisms.

Assessment: Completion of virtual cell models
and group discussions on structural differenc-
es.
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Physics — Electricity and Magnetism

Lesson Objective: Understand the principles of electrical circuits and
magnetism through hands-on problem-solving.

VR Application: An escape-room-style experience where students solve
puzzles related to circuits and magnetic fields.

Activities:
 Assemble an electrical circuit using virtual components.

- Identify devices that operate based on magnetism.
» Answer questions on electrical properties to unlock new levels.

Assessment: Students' ability to complete tasks and explain their reason-
ing in class discussions.

Chemistry — Periodic Table Exploration

Lesson Objective: Familiarize students with the periodic table and ele-
ment properties.

VR Application: Students explore a virtual mine, identifying and categoriz-
ing elements based on their chemical families.

Activities:
- Navigate through different element families in a 3D environment.
- Retrieve and correctly place elements in a virtual periodic table.

« Analyze trends in atomic structure and properties.

Assessment: Reflection discussions and completion of element-sorting
tasks.
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Key takeaways for teachers
Preparation Tips:

« Ensure VR equipment is functional and pre-installed with necessary ap-

plications.
- Familiarize students with VR navigation before engaging in subject-spe-

cific tasks.
- Design reflection activities to reinforce learning outcomes.

Challenges and Considerations:

e Initial setup may require extra time and technical support.
» Some students may need gradual acclimation to VR to prevent motion

discomfort.
- Effective classroom management strategies are essential to maximize

participation.
Lesson plan description and analysis
Lesson Plan Overview

The lesson plans have been developed as examples for Mathematics,
Chemistry, Physics, and Biology to incorporate virtual reality (VR) as an
interactive teaching tool. Each plan follows a structured approach to en-
sure that students achieve subject-specific learning outcomes while gain-
ing hands-on experience with VR applications using Oculus Quest 2.0/3.0.

Subject Lesson Topic VR Application Main Learning Objective
. Geometry & Spa-  Manipulating Enhance spatial reasoning and
Mathematics o o . )
tial Visualization 3D geomet- understanding of transformations
ric shapes
Prokaryoticvs.  Virtual Cell Lab Identify and compare cell
Biology Eukaryotic Cells structures and functions
Physics Electricity & Escape Room VR Understand electrical circuits and
Magnetism magnetism through problem-solving
Periodic Table Virtual Mine Familiarize with element fam-
Chemistry Exploration ilies and periodic trends

Co-funded by VIRTUAL REALITY APPLIED TO SCHOOL EDUCATION
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Context and Links with Previous Lessons
Each lesson builds on prior student knowledge:

« Mathematics: Students have prior knowledge of basic geometric shapes
and formulas.

- Biology: Students are introduced to cell theory and have observed cells
under a microscope.

« Physics: Previous lessons have covered fundamental electrical concepts
and magnetic properties.

« Chemistry: Students have learned about atomic structure and chemical
elements.

Cross-curricular links are also incorporated, especially between Science,
Chemistry, and Technology, fostering an interdisciplinary approach to
learning.

Learning Objectives & Outcomes

Each lesson plan aims to develop key competencies and subject-specific
understanding:

Subject Learning Objectives Learning Outcomes

Mathematics Identify and manipulate geo- Students will construct and analyze com-
metric shapes in a 3D space. plex shapes using Boolean operations.

Biology Compare and contrast pro- Students will correctly assemble virtual
karyotic and eukaryotic cells. cells and explain organelle functions.

Physics Solve electrical circuit and Students will complete circuit-based chal-
magnetism-based problems. lenges and explain key concepts.

Chemistry Explore the periodic tablein  Students will classify elements into their respec-

an immersive VR environment. tive families and understand periodic trends.

v @
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Pre-Lesson Preparation
Technical Setup:
« Ensure Oculus Quest headsets are functional and pre-installed with sub-
ject-specific VR applications.
 Provide students with an introductory session on VR navigation and
safety guidelines.
Additional Resources:
« Tablets or computers for supplementary explanations.
» Worksheets for pre- and post-VR assessments.

« Interactive whiteboards for demonstrations and discussions.

ICT and VR Resources, Skills, and Apps

Hardware Software & Apps
Oculus Quest 2.0/3.0 VIRION VR Apps for each subject
Tablets/computers 3D modeling software (e.g., Tinkercad for Biology, GeoGebra for Maths

etc.), Online Apps for creating quizzes, games and other e-assessment
materials (MS Forms, Google Forms, Learning Apps, Kahoot! Etc).

Interactive whiteboards Supplementary VR/3D tools and interactive sim-
ulations (3D Virtual Tours, PhET etc.)

Chemistry Explore the periodic table in an immersive VR environment.

Both teachers and students require basic skills in VR navigation and digi-
tal manipulation of virtual objects.
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Key Competencies Development

Competency Description

Digital Competency Students learn to interact with and navigate VR environments.
Scientific Reasoning Applying VR simulations to enhance conceptual understanding.
Collaboration & Communi- Working in pairs to solve challenges and discuss findings.
cation

Problem-Solving Using VR tools to test and analyze scientific concepts.

Formal and Non-Formal Methods Applied

Each lesson incorporates a combination of traditional and innovative
teaching methods:

« Direct Instruction - Introduction and explanation of key concepts be-
fore VR activities.

 Guided Exploration — Students navigate VR applications with teacher
support.

« Pair Work & Group Discussion — Students collaborate and reflect on
their VR experiences.

- Gamification — VR elements are designed as interactive challenges to
increase engagement.
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Lesson Structure & Activities

Each lesson follows a structured flow to maximize learning effectiveness:

Time (min) Activity Teacher’s Role Student’s Role Assessment Strategy
5-10 min Introduction to Explain con- Listen, ask questions Observing student
VR & learning cepts, demon- engagement
objectives strate VR tools
15-25 min VR Exploration Assist students Interact with VR Monitoring student
& Guided Tasks with naviga- environment, com- progress, answer-
tion and prob- plete challenges ing questions
lem-solving
10-15 min Reflection & Lead discussion, Share experiences, Group discussion,
Discussion encourage peer discuss findings reviewing stu-
feedback dent reflections

Lesson Evaluation

Success Factors:

« High student engagement due to the immersive nature of VR.
« Active participation and improved conceptual understanding.
« Effective collaboration in problem-solving tasks.

Challenges & Solutions:

 Technical Issues: Ensure devices are set up in advance and provide tech-
nical support.

« Motion Sickness for Some Students: Allow gradual acclimatization and
provide alternative participation options.

» Time Management: Plan VR sessions efficiently to balance interactive and
discussion segments.
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Future Recommendations

« Enhancing VR Content: Improve app functionalities based on teacher
feedback.

« Expanding Subject Areas: Integrate VR applications into more disci-
plines.

- Developing Student-Created VR Content: Encourage students to create
and modify virtual simulations for deeper learning.

Conclusion

Integrating VR into education offers an innovative way to deepen student
understanding through experiential learning. These lesson plans demon-
strate how VR technology can be seamlessly embedded into classroom
instruction, making complex scientific concepts more accessible and en-

gaging.




Lesson Topic

Procaryotic vs eucaryotic cell

Subject Class | Duration | Students number
(min)

Biology 9 40 min 26

Type of the lesson

Interactive, Practice-Based

Context

Links with previous
lesson(s)

Students are already familiar with the basics of cell types and structures
and the fact that the cell is the basic unit of life and that all organisms
are made up of at least one cell. They know the essence of Cell theory.

Cross curricular
links before the
lesson

e Science
In the previous years in the Science classes they have studied about cells
and their basic components. They have observed cells under microscope
and have drawn what they see.

e Chemistry
In the Chemistry classes they got acquainted with the basic instruments
and techniques used in the lab.

e Technology and Engineering:
3D modeling software is used studying and creating models of cells, cell
structures and organic molecules. Challenge students to build similar
virtual prototypes, fostering STEM skills.

Learning Objective:

Understand, compare and contrast the differences between eukaryotic and prokaryotic cells

Identify cell organelles and match them with their specific role and function within the cell.

Understand the relationship between the structures and functions of cells and their organelles.

14
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Learning Outcomes:

By the end of this lesson, students will be able to:

Identify the key structures of prokaryotic cells.

Explain the functions of prokaryotic cell structures.

Identify the key structures of eukaryotic cells.

Explain the functions of eukaryotic cell structures.

Compare the structure and functions of prokaryotic and eukaryotic cells.

A e

Pre Lesson-Preparation

Presentation on types of cells , worksheets, Virion’s Biology application

ICT and VR Resources, Skills, and Apps

Hardware: Oculus VR glasses, tablets/computers, interactive board.

Teacher: Basic VR navigation, 3D modeling software usage.

Students: Navigating within a VR environment, simple manipulations of 3D shapes

Software and Apps
3D modeling app (Tinkercad VR mode).

Key Vocabulary

Flagellum, Nucleoid, Capsule, Pilli, Mesosomes, Ribosomes

Lysosome, Mitochondria, Golgi apparatus, Vacuoles, Endoplasmic Reticulum, Centriole,
Cytoskeleton

Key competencies development:

By the end of this lesson, students will develop the following key competencies:

e Science and technology competences;

e Digital competences;

e Personal, social and learning competences — collaboration and team work.

e Critical thinking, scientific reasoning, and problem solving to make informed decisions.

Formal and non-formal methods applied in the lesson:

14
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Discussion on types and kinds of cells, Direct Instructions, Guided exploration,

Differentiated Instructions, Technology-based learning, Group learning, Problem-solving tasks

14
2022-1-ES01-KA220-SCH-000089414
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student
progress?

Evaluation

Pupil Learning & Progression

All the students showed great interest and motivation and mostly achieved the intended learning
outcomes. My knowledge is based on the final discussions, students’ activities and attitude.
Standards used are the standards adopted by Bulgarian Ministry of Education for Biology in 9
grade.

Based on the enhanced engagement and understanding of the concepts of structure and function
on cellular level. All pupils managed to complete their tasks in time and nearly all worksheets
were perfectly filled in.

Teaching & Classroom Management

One of the prerequisites for creating an environment that facilitates positive behaviours is to
know your students well, forming a small teams of two is another one. The introduction of the
topic and the learning objectives in a way that will motivate students for highly conductive
learning is also very important. And finally the innovative method of VR 3D modelling is very
helpful.

2022-1-ES01-KA220-SCH-000089414



Planning & Subject Knowledge

How could you further develop pedagogy to address errors and misconceptions in your
planning?

* Introduction could be more motivating through a short quiz or Kahoot before the VR session
to identify misconceptions and gauge students' prior knowledge.

* During the lesson, encourage students to explain their thinking processes and ideas. This can
prevent misunderstandings and going into wrong direction.

* I should present to the class the common errors made during the VR session, and analyse and
correct them together with the students.

» Students should be given more active part encouraging them to explain concepts to one
another. This not only reinforces learning but also helps clarify misconceptions.

How could you develop imaginative and creative approaches to further match individual needs
and interests?

* Individual approach: Create different challenges corresponding to students’ interests and
capabilities with varying levels of difficulty in the VR environment.

* Independence: Give the students the opportunity to choose their tasks and even to create
virtual scenes and ideas for VR activities

* Integrated learning: Combining different subjects like science, maths, history, arts and so on
Cross-Disciplinary Projects: Combine mathematics with art or history by exploring how
pyramids were used in different cultures, encouraging broader engagement.

Teaching with VR implementation

What was different compare the teaching without VR.

Students show great interest in this innovative learning technology, they are more motivated to
participate in lesson activities and like the challenges.

What are the benefits.
Motivation and active participation helps achieve learning objectives .
Problems, appeared during the lesson.

The first steps in VR setup required more time. Some students didn’t feel very well at the
beginning.

2022-1-ES01-KA220-SCH-000089414




Basic Unit of Life Worksheet

Team members:

1. Mark the structures of the procaryotic cell.

2. Mark the structures of the eucaryotic cell

2022-1-ES01-KA220-SCH-000089414



3. Fill in the table. Mark with ,,+* or ,,-“ the presence or
absence of the cell structures.

Cell structures Procaryotic cell Eucaryotic cell

Capsule

Cell wall

Cell membrane

Cytoplasm

Nucleus

Nucleoid

Rhibosomes

Mitochondria

Golgi apparatus

Endoplasmic
reticulum

Lysosomes

4. Task for excellence! Why procaryotic cells build up only
unicellular organisms and eucaryotic cells build up both
unicellular and multicellular organisms?
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Virtual Reality

VIRION | 55
“ School Education

Lesson Plan country:

SCHOOL:

Lesson Topic

Structure of a eukaryotic cell

Subject Class | Duration | Name of the teacher
(min)
Biology 9 40 Irena Borisova
Type of the lesson Students number
Combined lesson — exercise and practical activities 26
Context

Links with previous | The students have already studied and are familiar with the structures in
lesson(s) the eukaryotic cell.

Cross curricular e Human and Nature, Sth and 6th grade — Photosynthesis and
links before the Respiration;

* Biology, 7th grade — Plant Kingdom, Kingdom Fungi, and
lesson . .
Animal Kingdom;
* Biology, 9th grade — Chemical Composition of the Cell and
Prokaryotic Cell;
* English Language — Using Diagrams in English.

Learning Objective:

To develop knowledge about the structure and functions of cellular structures; to clarify the
diversity of cells in relation to their location in the multicellular organism and the function
they perform.

Learning Outcomes:

By the end of the lesson, each student should know and be able to:

Name groups of cellular organelles;

Identify and describe cellular structures using a diagram or model;

Characterize cellular structures based on their structure and function;

Establish connections and dependencies between structure and function at the cellular
level;

5. Compare cell structures and identify functional relationships between them

P
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Virtual Reality

| VIRION | 5
School Education

Pre Lesson-Preparation

Presentation on Cell Structures — "In the World of a Mini-Galaxy: The Eukaryotic Cell”
Worksheet

Virion’s Biology Application

ICT and VR Resources, Skills, and Apps

Hardware Equipment: VR headsets, tablets or computers for working with interactive
applications, interactive whiteboard.

Teacher: Working with an interactive whiteboard and presentation software.
Using Basic VR applications and 3D modeling software.

Students: Working with interactive educational applications.
Navigating within a VR environment and performing simple manipulations of 3D shapes.

Software and Apps

3D Modeling App: Tinkercad VR Mode

VR Applications: Google Expeditions — for virtual exploration of cellular structures
Inside a Cell — Google Arts & Culture

Additional Educational Videos: Khan Academy

Key Vocabulary

The new words students will learn during the lesson.

Nucleus, Endoplasmic Reticulum, Lysosome, Mitochondria, Golgi apparatus, Vacuoles,
Chloropast, Centriole, Cytoskeleton

Key competencies development:

By the end of the lesson, each student will develop the following key competencies:

Science Competences — Comparing cell structures and identifying functional relationships
between them.

Digital Competences — Using VR technology to explore cellular structures.

Initiative and Entrepreneurship — Designing and creating models of cellular structures.

Personal and Social Competences — Teamwork, collaboration, and critical thinking.

Formal and non-formal methods applied in the lesson:

Methods:

2022-1-ES01-KA220-SCH-000089414


https://artsandculture.google.com/story/inside-a-cell/HQUxIuaXIXUmPA?hl=en

I Virtual Reality
VIRION | 55

e Discussion

e Observation

e Independent work with a worksheet
e Building a diagram

e Group discussions

o Presentation

e Project-based activity
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1 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

All the students showed interest and eagerness to work, and the majority of them achieved the
planned learning outcomes. This is evident from the final discussions and activities of the
students. Standards used are the standards adopted by Bulgarian Ministry of Educationfor
Biology in 9 grade.

The progress in the students' knowledge is confirmed by the cellular structure projects
presented to the class in the following lessons.
Teaching & Classroom Management

The lessons held in the non-traditional classroom have a different organization and activities
for both the teacher and the students. These types of lessons contribute to greater interest and
motivation for learning. Students are required to perform tasks related to more scientific
communication and movement to successfully complete the tasks. The application of the
innovative method of VR3D modelling is very beneficial and engaging.

Planning & Subject Knowledge

The update of knowledge at the beginning of the lesson can take the form of a short discussion
to assess the level of prior knowledge and address any misconceptions.

Encourage students to share their feelings and thoughts while working with the Oculus
headsets. This can help anticipate mistakes, which can be corrected in real-time.

Encourage students to explain concepts to each other. This promotes more effective learning
and helps clarify misunderstandings.

Assign tasks and activities with varying levels of difficulty in the VR environment, adjusted to
the interests and abilities of the students.

Allow students to create their own virtual laboratories and come up with ideas for VR activities.

Teaching with VR implementation
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What was different compare the teaching without VR.
The students performed the tasks and activities from the challenges with interest.
What are the benefits.

Non-traditional learning through experience in a VR environment leads to improvement in the
understanding of new scientific concepts.

Problems, appeared during the lesson.

The initial setup for the VR experience required more time

Worksheet
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The cellular organelles of a eukarvotic cell include

Task: Complete the table by writing down the structure and function of each cellular organelle.

Cellular Organelle

Schematic drawing

Structure

Function

Cell Membrane

Endoplasmic
Reticulum

Golgi Apparatus

Lysosomes

Peroxisomes

Vacuole

Mitochondria

Chloroplasts

Nucleus

Ribosomes

Cytoskeleton

Centrosome
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Task: Complete the diagram so that it accurately reflects the structure of a eukaryotic cell.
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*Peroxisomes
resemble lysosomes
in shape and
structure.

> They are vesicles
with a single
membrane.
“*Peroxisomes break
down amino acids,
alcohol, and fatty
acids.
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~——Ribosomes consist of two parts:
a large subunit and a small subunit,
which are only connected during
protein synthesis.

D

Y

2022-1-ES01-KA220-SCH-000089414



2022-1-ES01-KA220-SCH-000089414



2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to

VIRION

‘ School Education

1 LESSON PLAN COUNTRY: GERMANY

SCHOOL: STADTTEILSCHULE LOHBRUGGE

Lesson Topic

Cells and their functions

Subject Class | Duration | Name of the teacher
(min)
Biology 9 90 Nele Kaestner
Type of the lesson Students number
Interactive with different methods and social forms 26
Context
Links with In our biology curricula for “Stadtteilschulen” in Hamburg is written:

revious lesson(s . L
P (s) “Information and communication

The basic concept of information and communication describes the fact
that living beings

record, forward, process, store and respond to sensitive information.
Communication takes place at different system levels: In a multicellular
organization

All organs, tissues, cells and their components are constantly involved
in communication.”

And also:

Apply work techniques

The students...

E1.1 is properly taken into account with laboratory material and
technical equipment

the safety regulations.

E1.2 microscope properly, taking safety regulations into account
https://www.hamburg.de/resource/blob/798368/4a4ae47a31b14fb40d06d07b4ebfe405/biologie-
data.pdf (last accessed on January 27, 2025)

So, we have a unit of lesson hours to learn about all cell organelles and
their functions, how they work together in the complex way of living
beings. The students also have to learn to work with a microscope as
part of the unit.

Cross curricular Medical History
links before the ) )
lesson ¢ About the discovery of cell organelles and the history myths

about life and cells.

Art and Design
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Virtual Reality

VIRION | 5
‘ School Education

e Students can built their own cells with different materials like
paper mache or playdough.

Science
e Students get an impression of a laboratory.

o They get the feeling of a science discovery.

Learning Objective:

To explore and deepen all cell structures and the difference between plant cells and animal
cells in a different way with the 3D-structure.

Learning Outcomes:

By the end of this lesson students will be able to...

use VR glasses

name the difference between animal and plant cell.

know all cell organelles by name.

have a visualisation of cells in 3D-structure what they will remember, when they also
watch cells under the microscope.

Poobd=

Pre Lesson-Preparation

VR-glasses, IPads for connecting with the glasses, PC connected to glasses for presentation
and to show what students have to do. A special learning plan like game instructions to make
sure students know what to do. A paper sheets to save the learning growths.

ICT and VR Resources, Skills, and Apps

VR glasses with the learning apps, tablets, computer, Interactive board

IT skills the teacher and the students will need for this lesson.

Teachers need to be firm with VR glasses, the app, the using of interactive whiteboards and
the connection with the glasses.

Students need to be able to work in an 3D-VR-Reality without feeling sick. They should try to
handle with the navigation of the glasses.

Software and Apps
VIRION Biology App

Key Vocabulary
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Virtual Reality

VIRION | 5
‘ School Education

The new words students will learn during the lesson.

Nucleolus, Cell Nucleus, Ribosomes.Vesicles, Rough endoplasmic reticulum (ER), Golgi
apparatus, Microtubules, Smooth endoplasmic reticulum (SER)
Chloroplasts

Key competencies development:

By the end of this lesson, students will develop the following key competences ...

1. Digital Literacy: Using VR technology to explore biologic contexts.

2. Biological competences: Knowing the cell structures of different cells (plant and animal
cell) and having an idea of the 3D-structure.

3. Collaboration: Working in pairs, one person working in VR, the other one is guiding
trough while she is watching on IPad what the other one is doing in VR.

Formal and non-formal methods applied in the lesson:

teachers lecture, direct instructions, couple working, group work, plenary discussions with
reflection parts.
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student
progress?

Evaluation

Pupil Learning & Progression

Did all the pupils achieve the intended learning outcome? (How do you know? What are the
standards being used to measure success?)

For introduce into VR technology and to start the app, preferably to play the whole game, 90
min are not much time for the students.

Obviously, the competence of the students to work with VR is quite different. Some are used
to play with VR. It was easier for these students to get into the content of the app. They started
earlier to work properly; the others needed more time to come into the handling VR. Other
students needed many rests because of health problems like nausea.

These where the reasons why the outcome was different as well.

The paper sheet was a good instrument to measure success.

But with the announcement that we will talk about all themes of the paper sheet, the teacher
can make sure that at the end of the following lesson all students have all answers on their
paper sheet.

How do you and your pupils know they have ALL made rapid progress? Again, how are you
measuring these outcomes?

The pupils nouned their outcome was not that big as they expected. They said they would
have learned the content even faster if they had worked conservatively with work sheets,
books or explain videos, but they all said it was fun for them to try the new technology.
Nevertheless, some of them said they even learned not that much because of their health
problem while using the glasses.

For measuring the outcomes, the worksheet was necessary.

Teaching & Classroom Management

How has your planning and teaching created an environment that facilitates positive
behaviours, highly conducive to learning?

It was a lot of planning and organising before, because our classrooms where not furnished
for this kind of lessons. So, we needed a special room which also has enough sockets for
loading the VR glasses.

Also, it is necessary to put all the tables away to avoid injuries while the students were acting
in VR.

2022-1-ES01-KA220-SCH-000089414



Planning & Subject Knowledge

How could you further develop pedagogy to address errors and misconceptions in your
planning?

How could you develop imaginative and creative approaches to further match individual needs
and interests?

| think it is very important to have enough time, also for brakes. It is necessary to let the
students enough time for trying the VR without solving the challenge in biology app, otherwise
they get lost.

So, it is a huge expense in planning and using the VR with a little success in learning. It is
more an experience which is fun for the students and is motivating them. For that it is senseful
to cooperate with the other classes in the same age, because than you can charge the
expense with more colleagues, and it is profitable for more students.

Teaching with VR implementation

What was different compare the teaching without VR.
- huge expense
What are the benefits.

- Motivated students
- It was an access for students that normally are not that interested in this subject.
- The students honour your engagement in modern technology

Problems appeared during the lesson.

- sickness

- it took too long for some students to concentrate, because of less variety you have
normally in a school lesson

- technical problems with the app

- individual problems were difficult to solve, because everyone is on a different level in that
game

2022-1-ES01-KA220-SCH-000089414



Virtual Reality

VIRION | 55
‘ School Education

1 LESSON PLAN COUNTRY:BULGARIA

Lesson Topic

Periodicity in the properties of the atoms of the chemical elements

Subject Class | Duration | Students number
(min)

Chemistry and 11 40 26

preservation of the

environment

Type of the lesson

A lesson for new knowledge

Context

Links with previous | Students already know that atom's number (the number of protons)
lesson(s) determines the place of the element in the periodic table.

Associate the number of electrons with the electronic configuration,
which is a key for the regularities between periods and groups.

According to the place of the element in the periodic table students can
determine valence and interaction between elements.

Cross curricular Physics and Astronomy — nuclear structure, nuclear reactions
links before the

lesson Biology and health education — the role of the chemical elements in

biological processes

Mathematics — numerical dependence in the periodic table, determining
the least common multiple

Learning Objective:

The change in metal and non-metal character in periods and groups is explained through
demonstration. What is the connection between the atom's radius, electronegativity and
ionization energy
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Virtual Reality

VIRION | &2
| School Education

Learning OQutcomes:

1. Students should understand the principles of the ordering og the chemical elements in
the periodic table.

2. Students should be able to identify the regularity(interdependence) between periods and
groups.

3. Students should apply their knowledge in finding and positioning chemical elements in
the periodic table.

Pre Lesson-Preparation

Materials on the subject, scientific films, worksheets

ICT and VR Resources, Skills, and Apps

Interactive board, VR glasses

the teacher — good knowledge for work in VR environment

the students — basic skills for work in VR environment

Software for VR glasses

Key Vocabulary

Ionization energy
Atom's radius
Electronic affinity

Electronegativity

Key competencies development:

1. Applying the scientific approach to analysing data and establishing regularities.

2. Analysing the interrelations between the structure of the atom and the properties of the
elements

3. Using specialised software with interactive versions of the periodic table

Formal and non-formal methods applied in the lesson:

Discussion and questions

2022-1-ES01-KA220-SCH-000089414



l Virtual Reality
VIRION | 5
School Education

Teamwork

a game connected with the use of VR glasses
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

Combining different assessment methods such as participation in discussions and answering
questions during the lesson, engagement in group activities, interactive games allow for an
objective measurement of the knowledge, skills and competencies, acquired on the topic. This
ensures that every student will have the opportunity to demonstrate their strengths.

By using the following indicators:

practical activities by students and observation by the teacher

distributing worksheets

students” discussions

All these indicators will help to assess students™ progress in a holistic way, reflecting both their
knowledge, skills and motivation.

Teaching & Classroom Management

Creating a positive classroom environment is a key to motivating students and achieving
effective learning.

These are some of the techniques I apply(use):

I engage students in discussions, debates through questions that provoke thought, students’
participation in laboratory exercises independently and in teams

Planning & Subject Knowledge

Through participation in training courses and exchanging experience with colleagues who have
participated in training courses that were new to me

Teaching with VR implementation

The lesson conducted using VR glasses has nothing to do with a traditional one. It requires
diligent preparation, but it is worth. The interest and motivation of the students are enormous.
They fulfilled the assigned task with great enthusiasm.

2022-1-ES01-KA220-SCH-000089414



Worksheet

Write in the chemical sign of the first element you found..............

Point its place in the Periodic system

Write in the chemical sign of the second element you found..............

Point its place in the Periodic system

Write in the chemical sign of the third element you found..............

Point its place in the Periodic system

Write in the chemical sign of the fourth element you found..............

Point its place in the Periodic system:

Write in the chemical sign of the fifth element you found..............

Point its place in the Periodic system

Arrange the chemical elements that you found in descending order of the Electronic affinity

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to

VIRION

‘ School Education

1 LESSON PLAN COUNTRY: GERMANY

SCHOOL: LEOPOLDINUM DETMOLD

Lesson Topic

Introduction to the Periodic Table of Elements

Subject Class | Duration | Name of the teacher

(min)
Chemistry 8 90 min
Type of the lesson Students number
Introduction to a new topic: PTE 29
Context

Links with previous | In this series of lessons, the pupils draw on their previous knowledge
lesson(s) from Year 7, in which they can use the topic of substances and their
properties and the topic of metals as previous knowledge.

Cross curricular It is the beginning of a new topic
links before the

lesson Alternatively, the VR lesson can be held at the end of the series of

lessons on the topic of the "periodic table". Students use the VR
interaction to practically apply the knowledge they have already learned
about the periodic table.

Learning Objective:

to learn about the Periodic Table of Elements and understand its basic structure.
to categorize elements into groups and periods.
to practice organizing elements using a VR-game

Learning OQutcomes:

1) understanding the structure of the periodic table:
Students can explain the basic structure of the periodic table, including the terms
periods and groups.
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Virtual Reality

VIRION | 55
‘ School Education

Students can describe what periods and groups mean in the periodic table and how they
group the elements according to their chemical properties.

2) assigning elements to groups and periods:
Pupils can correctly assign elements to a group (e.g. alkali metals, noble gases) and a
period (e.g. 2nd period, 3rd period) based on their position in the periodic table.
Students can classify the elements into the appropriate groups and periods according to
their electronic structure and chemical properties.

3) understanding the chemical properties of elements
Students understand that elements in the same group share similar chemical properties
because they have the same number of valence electrons.
Students can recognize and describe basic properties of elements (e.g. reactivity,
metallic character) in relation to their position in the periodic table.

Pre Lesson-Preparation

VIRION’s Chemistry application, Worksheets with a simplified version of the Periodic Table,
Periodic Table poster (optional)

ICT and VR Resources, Skills, and Apps

Hardware: Oculus VR glasses, tablets/computers, whiteboard with beamer.

Teacher

o The teacher should have a solid understanding of how VR technology works, including
setup, troubleshooting, and the general operation of VR headsets and controllers.

o Familiarity with the specific VR software and applications used for educational
purposes is essential.

o The ability to troubleshoot basic technical issues, such as device connectivity or
software malfunctions, is crucial for maintaining a smooth classroom experience.

Students

e The student should have a basic understanding of how to use technology, such as
operating a computer or mobile device.

o Familiarity with basic VR interface navigation (e.g., using controllers, menu
interactions, and adjusting settings) can be helpful.

o Comfort with digital tools and the ability to follow instructions for setting up and
adjusting the VR equipment is necessary.

e The student should understand safety guidelines for using VR, including being aware of
the space around them to avoid accidents or collisions with physical objects.
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Virtual Reality

VIRION | 55
‘ School Education

o Knowledge of how to take breaks and manage time to prevent eye strain or fatigue is
important.

VIRION’s Chemistry application

Key Vocabulary

Periodic Table, Element, Period, Group (or Family), Valence Electrons, Alkali Metals, Alkaline
Earth Metals, Halogens, Noble Gases, Atomic Number, Atomic Mass (or Atomic Weight),
Electron Configuration, Isotope, Metals, Nonmetals, Metalloids

Key competencies development:

Scientific Understanding and Knowledge: Understanding the structure and organization
of the Periodic Table.

Analytical and Critical Thinking: Analysing and categorizing elements based on their
chemical properties.

Problem-Solving Skills: Applying knowledge to solve problems (e.g., categorizing
elements correctly in the game).

Collaboration and Teamwork: Working together with peers in the game-based activity.

Technological Literacy: Using technology to enhance learning (e.g., through online tools
or VR if applicable).

Communication Skills: Explaining scientific concepts and processes clearly.

Time Management and Focus: Managing time and maintaining focus during activities.

Formal and non-formal methods applied in the lesson:

e Direct Instruction: Introduction of concepts through lecture and visual aids.

e Guided Practice: Hands-on categorization exercises in pairs/groups.

o Interactive Game ("Periodic Table Challenge"): A competitive, timed game where
students place elements on the Periodic Table.

e Group Collaboration: Problem-solving and group discussion to understand element
properties.

o Reflection and Discussion: Class discussions and individual reflections on what was
learned.

e Homework/Independent Practice: Extension activity to solidify understanding outside of
class.

2022-1-ES01-KA220-SCH-000089414
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

To assess the success of this lesson on the Periodic Table of Elements, the following strategies
were be employed:

- Questioning

- Observation

- Group Discussions

- Collaborative Work

The pupils completed their tasks with obvious success. On the one hand, this is due to the high
level of motivation generated by using the VR unit. On the other hand, it is due to the intuitive
approach offered by the chosen material.

Teaching & Classroom Management

Active learning techniques, immediate feedback and a supportive classroom culture, help to
encourage behaviours that gets students to learn deeply and for a long time.

Planning & Subject Knowledge

By anticipating misconceptions, using formative assessments, and applying scaffolded
support, the teacher can help students correct errors as they occur and deepen their
understanding of the Periodic Table. Active and reflective teaching practices ensure that
misconceptions are addressed immediately, allowing for a more effective and inclusive learning
environment. Additionally, continuous reflection on teaching methods, along with
collaboration with peers, can lead to continuous improvement in addressing and preventing
student errors.

Teaching with VR implementation




Benefits:

The VR-game tended to capture the students’ attention more effectively, especially when
compared to traditional methods. The novelty and gamified aspect of VR made learning more
engaging and fun, motivating students to actively participate.

The interactive features allowed the students to manipulate elements, visualize atomic
structure, and explore different patterns in the Periodic Table.

The use of the VR-application is customized to suit different learning paces. Students were able
to progress through interactive VR modules at their own speed, revisiting concepts as needed,
which is difficult to achieve in a standard class setting without VR.

Problems appeared during the lesson.

The pupils were enthusiastic about the playful element of the app. However, the entertainment
quality of the series of lessons led to reduced concentration in several pupils. This made it more
difficult to motivate them to take notes and deepen the content in the “real world”.




Virtual Reality
Applied to

VIRION

‘ School Education

1 LESSON PLAN COUNTRY: GERMANY

SCHOOL: GOETHE-SCHULE FLENSBURG

Lesson Topic

Periodic table

Subject Class | Duration | Name of the teacher
(min)
Chemistry 10 90 Andreas Matz
Type of the lesson Students number
Interactive lesson, pair work. 25
Context

Links with previous | Pupils use their knowledge of the structure of the periodic table of
lesson(s) elements.

However, it could also be used without prior knowledge.

Cross curricular Nothing
links before the
lesson

Learning Objective:

The students practice locating the elements in the periodic table.

Learning OQutcomes:

1. Operation of the technology
2. Searching and sorting the elements
3. Reflection on their experiences

Pre Lesson-Preparation

Oculus Quest, Virion Chemistry App

2022-1-ES01-KA220-SCH-000089414



Virtual Reality

VIRION | 525
| School Education

ICT and VR Resources, Skills, and Apps

VR Glasses, iPad, WLAN

You need to know how to connect the iPad and the Oculus Quests. This must also be
technically possible, i.e. the school's network must allow this connection.

Virion Chemistry App, Oculus Quest App

Key Vocabulary

Nothing

Key competencies development:

1. Using the VR technology of the Oculus Quest.
2. Sorting elements into the PSE.
3. They learn to look out for each other.

Formal and non-formal methods applied in the lesson:

The app itself is designed as a game

Partner work

2022-1-ES01-KA220-SCH-000089414



V1Ir680000-HIS-0CCV)-T0S3-T-2C0C

SpIe [ensIA
[euonippe Ajrenuajod
‘uoISSNISIp 10§

{pauIed Aoy

1eyMm ure[dxd sioured|
ue)) :UOISSNISIP

pue uUonod[JoI

"UOISSNOSIpP
PUE UO01}O3[JoI Y3NOIy) N0 PaLLILd
SI JUQWISSASSY “suonsanb pajasdie;
YSnoIy} S[OAJ[ JUIWIIP YIm
s1ouaed] sypoddns uorssnosip uadQ
'$s21301d J19) U0 303[JI pue
‘poures] dArY A9} JBYM SSNOSIP

doudLddxa
Sururea] oy} uo yoeqpIdy 3urdA[0d

S[errojews Sue}-9JON | YSNOIy) JUdWSSASSY | ‘SQOULIAAXD JIdY) dIRYS SIOUIRT | AIAIJOR O} JO UOISSNOSIP PUB UONII[FOY € ST
‘Suroed [enprArpur ysnoayy
"SOIUIR)IAdUN | UONBNUAISMJIP PUB UONRIOQR[[0D
SOSSAIPPE PUB | SITBINOJUD JIOM IIRJ "SAINUIW G| b
suorsan
o1qe) orpoudd a3 Jorqpa9y Sop1Aaoid | Id3Je SO[OI YOIIMS SIQUIBYT “K)oJes (suon
. 1oy douessisse [enpiarpur) dde YA oy
Surmyesy dde remua SONIAIIOR JOUIRI] | SAINSUD PUB SIAIISQO Jdulted Iy} ’ Cob
] ; Jo asn oy Sunmp oddns pue douepinn
ped! 9sond snnoQo SOAIOSQO JAYOBAT, |  J[IYM 3SanQ) Y} SASN JOUIBI[ dU() : : ré 09
UOINSUOWAP | ¢ PISn puB PajdAUUOD o3engue[ o1dwis Jo asn ‘syurod ped! o1 yiim
10y Aeydsip |  a1e S9OIAJD Y} MOy A3y 3o uonnadar ‘UoNeNSUOWIP | UONIAUU0D pue ‘dde o) Jo uonRNSUOWIP
J0 uda1ds uonddford | puejsiopun siouIed[ | [ensiA ‘suorssaxdwr [eniur Jurured ‘SIOM J1 MOY JO uoneue[dxd
‘pedr 1sand snndQ | Y} 0 ‘UONBAIISqQ pue ‘suonsaonb Juryse ‘uru)sry 9sanQ) snnoQ 3y} 03 uondNpPoONU[ 1 9]
UonepI[OSU0))
SIoUIed (0]
e 29 SOWOIN(O) SUNISIASY ‘SANIANOY SUIyoed ], Joqunu
juswdinbyg pue s[eLsieN $s01501( AINSUY 0} Pas() T S : T
. o SISUIBST TV 10§ JBNUSIYJIP . mo
SHIOPY YO “TAL ‘S SowooNQ 29 S9ANRIqO (urux)
S3139enS 01 pasn sanbruyoa) oYy AJNUSP[ Suruaed ]
$32.IN0SY JUDWISSASS Y ANADIY JIWIBI | ANADIY JYIBI |, 0) Jury | Quig,

SHILLIALILDV AO NV'Id AA'TTVLAA 72 TANLOAYLS NOSSA'T




2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

It is unrealistic for all students to achieve all the goals, that is not how teaching and learning
works.

I think, yes, they achieve goals at different levels. I recognise this by the fact that they can only
sort the respective caves if they can sort at least three elements.

All students never achieve rapid success. But the app allows some to work faster than others.
And again: I notice this when they reach the next cave.

Teaching & Classroom Management

I used a good PowerPoint to explain, I gave them the opportunity to try things out and ask
questions, I had the students work in pairs so that they could help each other.

Planning & Subject Knowledge

There were no errors or misunderstandings in my planning. The app itself urgently needs to be
developed further, but I can't do that.

I have made suggestions on how the app can be significantly improved. I hope that these will
be implemented.

Teaching with VR implementation

The pupils are initially highly motivated by the technology to engage with theoretical content,
simply because the technology is exciting. Vr also opens up possibilities that normal lessons
do not have (dangerous experiments, sub-microscopic things). However, the app itself still
needs to be improved in order to utilise the possibilities.

The problem is that it takes up a lot of space and the technology itself is very expensive.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to

VIRION

‘ School Education

Lesson Topic

Periodic Table of Elements

Subject Class | Duration | Notes about the class (number of
(min) the students etc.)

Chemistry 9 75 25

Type of the lesson

New skills

Context

Links with previous | Students will understand the structure and organization of the periodic
lesson(s) table.

Students will learn about the significance of elements' positions on the
periodic table.

Cross curricular
links before the
lesson

Learning Outcomes:

1. The students will understand the structure and organization of the periodic table.
2. The student will learn about the significance of elements’ positions on the periodic
table.

Pre Lesson-Preparation

Periodic table handouts, computer, document camera and screen, whiteboard and markers,
element samples (if available), VR glasses

ICT and VR Resources, Skills, and Apps

2022-1-ES01-KA220-SCH-000089414



VIRION

Virtual Reality
Applied to
School Education

VR glasses, computer

The teacher must know how to use VR glasses

VIRION VR Apps

Key Vocabulary

Periodic Table, Element, Group, Period

Key competencies development:

1
2
3.
4.
5
6

. understanding of chemical concepts

analytical skills
scientific literacy
critical thinking

. practical skills

communication skills

Formal and non-formal methods applied in the lesson:

Discussion, VR-glasses,

2022-1-ES01-KA220-SCH-000089414
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

I provide a short quiz at the end of the lesson to assess understanding.

Teaching & Classroom Management

Planning & Subject Knowledge

Teaching with VR implementation

If we weren’t wearing VR glasses, we would have used the periodic table on the computer.
What are the benefits: novelty and difference

Problems, appeared during the lesson: how to use VR glasses.
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Virtual Reality
Applied to

VIRION

‘ School Education

Lesson Topic

Chemistry

Subject Class Duration | Notes about the class (number of
(min) the students etc.)

Chemistry 7" grade 45 16-20

Type of the lesson

Normal lesson

Context

Links with previous | Students has been studied before chemistry and periodic table. It will
lesson(s) repeat previously.

Cross curricular -
links before the
lesson

Learning Objective:

Learn how to use different platform and environment.

Learn how to communicate to each other. Practise to co-operation when only one student is
seeing things and need to explain other.

Practice patience, get used to use game controller.

Learning Outcomes:

By the end of this lesson students will be able to talk how to use new user interface. Students
will be memorized periodic table.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to
School Education

VIRION

Pre Lesson-Preparation

Charging VR-devices and print lesson plan for students. Be ready to project app instruction to
whiteboard.

ICT and VR Resources, Skills, and Apps

VR glasses

Teacher must be prepared and be able to help students, so virtual glasses and apps has to be
tested before lesson.

Key Vocabulary

Elements in periodic table.

Key competencies development:

Students must use different environment for learning. They develop their digital skills. There is
also possibility to learn foreign language

Formal and non-formal methods applied in the lesson:

Methods to use is telling others what elements each group picked up and what feature or
purpose they found in specific element.
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

Most of the students succeeded to tasks and also having fun during lesson. Valuation made
during presentation to others.

Teaching & Classroom Management

Planning was quite light. Learning app offer appropriate task. It was clearly and focused one
thing. Students work in pairs, and both have things to do. Afterwards they were able to increase
their knowledge of elements.

Planning & Subject Knowledge

There would be also possibility made a little competition between students. One way is using
the bingo grid where are example 4x4 grid and you have to make line of four. Which group
will get the line first will win the contest.

Teaching with VR implementation

VR give you anice addition to lesson. Someway it makes students eager to subject. So, learning
with VR offers enthusiastic to learn subject while paying.

There might be problems using a new interface to students. For this experimental learning new
interface might also be the main goal. Then students won’t get frustrated, if everything doesn’t
go all right.
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Virtual Reality
Applied to

VIRION

‘ School Education

Lesson Topic

Exploring and Classifying Chemical Elements in a Virtual Mine

Subject Class | Duration | Notes about the class (number of
(min) the students etc.)
Chemistry 4°ESO | 50 A class of 30 students, with 15

available VR headsets. Students will
work in pairs, sharing one VR headset
between two.

Type of the lesson
Interactive, practical lesson with the use of Virtual Reality (gamification).

Context

Links with previous | Students have previously studied the structure of the periodic table and
lesson(s) the main groups of elements in earlier lessons.

Cross curricular e Physics: Basic concepts on states of matter.

links before the e Technology: Use of advanced technological tools (virtual
lesson reality).

Learning Objective:

To identify, classify, and organize chemical elements in the periodic table through an
immersive virtual reality experience.

Learning Outcomes:

By the end of the lesson, students will be able to:

Visually identify chemical elements based on their characteristics.

Classify elements into the correct groups in the periodic table.

Collaborate in pairs to solve scientific tasks in a digital environment.

Gain a better understanding of the organization and layout of the periodic table.

PR
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Virtual Reality

VIRION | 5
‘ School Education

Pre Lesson-Preparation

e Setup the VR headsets and ensure the application is loaded.
e Display instructions on a screen so students know how to use the application.
e Divide students into 15 pairs, with one VR headset per pair.

ICT and VR Resources, Skills, and Apps

15 VR headsets and controllers to be shared between pairs of students.

Virtual reality application for exploring chemical elements in a mine.

Basic handling of VR headsets and use of controls.

Key Vocabulary

Periodic Table

Alkali Metals

Non-Metals

Lanthanides

Key competencies development:

1. Digital Competencies: Using VR technology to explore scientific concepts.
2. Scientific Competencies: Classifying elements based on their properties.
3. Collaborative Work: Partner-based tasks and problem-solving.

Formal and non-formal methods applied in the lesson:

e Pair work
e Gamified learning
e Interactive exploration
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

Most of the students managed to classify the elements correctly.

The pair experience encouraged collaboration and shared learning.

Teaching & Classroom Management

The use of VR allowed for an immersive experience, although rotating pairs required effective
time management

Planning & Subject Knowledge

To address errors and misconceptions, it is essential to plan for continuous assessment within
the virtual reality environment. An effective pedagogical approach could include the following:

1. Immediate feedback in VR: Implement a system where students receive instant
feedback when attempting to place elements on the periodic table. If an element is
placed incorrectly, a notification could appear explaining why it does not belong in that
position. This reinforces learning in the moment and helps correct misconceptions
promptly.

2. Group review at the end: After the VR experience, hold a group session to discuss
common errors observed during the activity. This allows for clarification of
misconceptions that may have arisen among several students and facilitates
collaborative feedback.

3. Additional review materials: Prepare visual guides or extra activities to reinforce the
differences between element groups, such as metals, non-metals, and others. This can
help clarify confusion observed during the game and ensure better content retention.

4. In-game hints: If a common pattern of errors is detected (e.g., confusion between
lanthanides and actinides), the game could offer hints or brief reminders about the
distinguishing characteristics of the elements before students attempt to classify them.

2022-1-ES01-KA220-SCH-000089414



Teaching with VR implementation

Students showed great interest and engagement due to the VR technology. Alternating pairs for
headset usage kept the activity dynamic and engaging.

This plan adjusts the lesson's duration and available resources, ensuring active participation for
all students.
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Virtual Reality

VIRION | 55
‘ School Education

1 LESSON PLAN COUNTRY: BULGARIA

Lesson Topic

Geometric bodies

Subject Class | Duration | Students number
(min)

Mathematics 6 40 26

Type of the lesson

Based on Teaching Approach: Technology-Based lesson
Based on Learning Objectives: Introduction Lesson

Based on Classroom Organization: Small Groups Lesson
Based on Subject Area: STEM Lesson

Based on Learning Methodologies: Inquiry-Based Lessons

Context

Links with previous | Basic geometric figures — triangle, square, circle, etc.

lesson(s .

) Parallelogram and triangle theorems.

Transforming measures for length, volume and area.
Analytic geometry and coordinates of the peaks of geometric bodies.

Cross curricular Science — centre of gravity.

links before the . . . .

4 Arts — drawing geometrics bodies in perspective.

lesson

Technology — geometric figures in architecture and design.

Learning Objective:

Students can distinguish basic geometric bodies — cube, prism, cylinder and sphere.

Students study the properties of the geometric bodies and calculate area and volume via VR
activities.

Develop logical and spatial thinking.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to
School Education

VIRION

Learning OQutcomes:

By the end of this lesson students will be able to:

1. Recognize and classify geometric figures.
2. Use the formulas for calculating area and volume.
3. Develop creativity and special thinking.

Pre Lesson-Preparation

VIRION’s Math application

ICT and VR Resources, Skills, and Apps

Hardware: Oculus VR glasses, tablets/computers, interactive whiteboard.

Teacher: Basic VR navigation, 3D modelling software usage.

3D modelling app (GeoGebra, Tinkercad VR mode).

Key Vocabulary

The new words students will learn during the lesson.
Prism

Centre of gravity

Pyramid,

Base,

Key competencies development:

By the end of this lesson, students will develop the following key competencies ...

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to
School Education

VIRION

Mathematical Competence: Understanding 3D shapes, spatial thinking.

Digital Literacy: Using VR technology to explore mathematical concepts.
Collaboration: Working in small groups to discuss VR experiences.

Initiative and entrepreneurship through teamwork for creating constructions and
architecture models.

b=

Formal and non-formal methods applied in the lesson:

Discussion on types and kinds of geometric forms and figures, Direct Instructions, Guided
exploration, analysis of information.

Differentiated Instructions, Technology-based learning, Group learning, Problem-solving tasks,
brainstorming.
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

Most of the students achieved the intended learning outcomes. It is judged by the final
discussions, students’ activities during the lesson and their attitude. Standards used are the
standards adopted by Bulgarian Ministry of Education for Mathematics for 7th grade.

How do you and your pupils know they have ALL made rapid progress? Again, how are you
measuring these outcomes?

Our knowledge is based on the enhanced engagement and understanding of the concepts and
formulas, all pupils managed to complete their tasks in time. All the tasks in the worksheets
were fulfilled very well.

Teaching & Classroom Management

How has your planning and teaching created an environment that facilitates positive
behaviours, highly conducive to learning?

In order to create an environment that facilitates positive behaviours it is essential to know your
students well, especially when forming the teams. The introduction of the topic and the learning
objectives in a way that will motivate students for highly conductive learning is also very
important. The innovative method of VR 3D modelling was very interesting and helped them
achieve tasks they wouldn’t in formal classroom situation.

Planning & Subject Knowledge

Pre-assessment Activities: Introduce a short quiz or a discussion before the VR session to gauge
students' prior knowledge and identify misconceptions.

* At the beginning of the lesson there should be a short discussion on the basic knowledge they
need for the lesson and identify misconceptions.

* During the lesson students should be encouraged to share their thoughts and ideas, discuss
the concepts and in this way prevent misunderstandings.

* The students must be informed in advance about common errors made during the VR session.

+ Students should be given more active part encouraging them to explain concepts to one
another. This not only reinforces learning but also helps clarify misconceptions.

2022-1-ES01-KA220-SCH-000089414



Teaching with VR implementation

What was different compare the teaching without VR.

Studying with VIRION maths app was very interesting for the students, they were more
motivated to participate in the activities and liked the challenges very much.

What are the benefits.
Students’ motivation and active participation helps them achieve the learning objectives.
Problems, appeared during the lesson.

The VR setup sometimes takes more time. Some students didn’t feel very well at the beginning
and needed more assistance.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to

VIRION

‘ School Education

Lesson Topic

Solid geometry

Subject Class Duration | Notes about the class (number of
(min) the students etc.)

Mathematics 9t orade 45 14-20

Type of the lesson
Normal lesson

Context

Links with previous | Students has been studied before solid geometry. It will repeat
lesson(s) previously.

Cross curricular Literature, how to read instructions. Visual perception.
links before the
lesson

Learning Objective:

Learn how to use different platform and environment.
Practice patience, they need to wait and solve problems individual in new user interface.

Learn digital skills and using problem solving capasity.

Learning Outcomes:

By the end of this lesson students will be able to talk how to use new user interface and solve
problems. How to make solid particles with basic figures. Focus to understand that you can
make particles combination, united, separated. Opening eyes to see patterns in real world also.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality

VIRION | 5
| School Education

Pre Lesson-Preparation

Charging VR-devices and print lesson plan for students. Be ready to project app instruction to
whiteboard.

ICT and VR Resources, Skills, and Apps

VR glasses

Teacher must be prepared and be able to help students, so virtual glasses and apps has to be
tested before lesson.

Key Vocabulary

Students will learn some new terms and formulas solid geometry.

Key competencies development:

Students must use different environment for learning. They develop their digital skills. There is
also possibility to learn foreign language

Formal and non-formal methods applied in the lesson:

Methods to use is group work and discussion about the new things. Sharing own observations
to each other.

2022-1-ES01-KA220-SCH-000089414



2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

Most of the students succeeded to tasks. Valuation made with discussion all together and small
groups.

Teaching & Classroom Management

Learning in different way and using virtual environment made possibility to focus strictly one
task. Students also need to work individually part of the time. In classroom there is challenges
to get focus in learning. When some students haven’t job to do. So, you have to made other
learning task which doesn’t include VR-glasses.

Planning & Subject Knowledge

This would be using during normal schoolwork when there is difficulties to understand things
in three dimensions. Visualization will help and increase knowledge. There might be specific
task for learning. Info boards gives formulas etc. It would be nice to fill formulas oalso om
paper while learning and playing VR-application.

There are differences with students and approaches to learning varies. You need to help a lot
of some and that’s why instructions have to be more specific.

Teaching with VR implementation

Teaching with the VR gives you another way to help students visualize things, but you can’t
know for sure what students will learn with VR. So, it’s a nice addition to lesson. Someway it
makes students eager to subject. So, learning with VR offers enthusiastic to learn subject while

paying.
Unfortunately, it will give some students nausea. There are also several problems with using

devices. Mainly, how to find correct menu, correct app, correct user and so on. For teacher it
almost impossible to help students because you can’t see the same what the student is seeing.
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Virtual Reality
Applied to
School Education

VIRION

o

1 LESSON PLAN COUNTRY: SPAIN

Lesson Topic

Exploration of Geometric Shapes in a Virtual Reality Environment

Subject Class | Duration | Notes about the class (number of
(min) the students etc.)
Mathematics Ist year | 60 minutes | Group of 24 students divided into pairs

of to share 16 virtual reality headsets.
Second Each pair took turns using the VR
ary equipment, ensuring safety and
Educati observing the learning process.
on
(ESO)

Type of the lesson

Exploratory lesson aimed at learning geometry concepts through practical and interactive VR
experiences.

Context

Students are familiar with basic geometric concepts (2D shapes), but this is their
first experience with 3D shapes in an interactive, virtual reality environment.

Links with previous | Prior knowledge of simple geometric shapes (such as circles, squares,
lesson(s) and triangles) will help them understand how these shapes combine to
form 3D structures. The activity also reinforces spatial visualization and
the relationship between 2D and 3D dimensions.

Cross curricular This lesson connects with subjects such as Technology (use of new
links before the technologies) and Physical Education (collaborative work and safety).
lesson

Learning Objective:

Learn to identify and combine three-dimensional geometric shapes in an interactive
environment, developing spatial visualization and collaborative skills.

Funded by
the European Union Pagel | 72022-1-ES01-KA220-SCH-000089414




Virtual Reality

VIRION | 55
‘ School Education
o

Learning Outcomes:

By the end of this lesson, students will be able to:

Identify basic three-dimensional geometric shapes in a virtual reality environment.
Recognize how these shapes can be combined to create more complex figures.
Develop skills to work collaboratively in pairs in a shared learning environment.
Use digital tools to explore geometric concepts interactively

b

Pre Lesson-Preparation

Materials: VR headsets (16 units), introductory PowerPoint presentation, video tutorials on
using the headsets.

Presentations: Video explaining the use of the application and the basic functionalities of the
headsets.

Educational applications: Mathematics VR application that shows different 3D shapes and
allows for manipulation.

ICT and VR Resources, Skills, and Apps

Hardware: VR headsets, tablets for control, interactive projector for initial
demonstration.

IT skills: Ability to handle VR devices, switch users, and manipulate virtual objects using
controllers.

Software and Apps: VR math application with 3D shape models.

Key Vocabulary

o Three-dimensional shapes
o Shape combinations o
Interactive exploration o
Virtual reality

Funded by
the European Union Page?2 | 72022-1-E501-KA220-SCH-000089414




Virtual Reality
Applied to
School Education

VIRION
—

Key competencies development:

By the end of the lesson, students will develop the following key competencies:

1. Digital competence: Using virtual reality for interactive learning.

2. Communication competence: Working in pairs to guide and support each other during
the learning process.

3. Mathematical competence: Practical application of geometric concepts in a 3D
environment.

Formal and non-formal methods applied in the lesson:

* Free exploration: Students explore the application independently.

* Pair work: One student uses the headset while the other supervises and supports.

* Teacher intervention: Teachers step in when technical or comprehension issues arise,
taking over the headset temporarily to see what the student sees.

Funded by
the European Union Page3 | 7 2022-1-E501-KA220-SCH-000089414
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

The use of VR successfully captured students’ attention and promoted autonomous exploration
of geometric concepts. There were technical difficulties with some headsets, but they were
resolved by exchanging them between groups.

Students became familiar with the use of VR and explored geometric shapes independently.
They made progress in understanding 3D shapes, though some needed additional technical
support.

Teaching & Classroom Management

The lesson plan allowed for effective classroom management, with clearly defined roles for
each pair and support when needed.

Planning & Subject Knowledge

Further use of VR with more shapes and interactive challenges could enhance the lesson,
adapting it to different skill levels.

Teaching with VR implementation

Funded by
the European Union




The use of VR facilitated an immersive experience and hands-on learning that is difficult to
achieve with traditional methods. Benefits included increased engagement and motivation.
Challenges were related to initial understanding of functionalities.

Page5|5
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VIRION

Virtual Reality
Applied to
School Education

1 LESSON PLAN COUNTRY: BULGARIA

Lesson Topic

“Electricity and Magnetism”

Subject Class | Duration | Students number
(min)

PHYSICS 10 40 26

Type of the lesson

Laboratory Exercise

Context

Links with previous
lesson(s)

Students already know the concepts of electric field and magnetic field.
In previous lessons, quantities related to electric and magnetic fields

have been studied.

Cross curricular
links before the
lesson

e Science

in the 6th grade on the subject “Man and Nature” students
studied simple electrical circuits and magnetic fields. In the 7th
grade, electrical circuits and electrical quantities are also studied.

e Mathematics

The values of current, voltage, resistance have a magnitude and
a numerical value. Size and numerical value are known from

mathematics.

e Technology and Engineering:

In technology and entrepreneurship classes, electrical circuits are

studied.

Learning Objective:

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to
School Education

VIRION

Understand the relationship between electric and magnetic fields, that changes in the electric
field give rise to a magnetic field, changes in the magnetic field give rise to an electric field.
That 2 fields are manifestations of 1 single object: the electromagnetic field. The propagation of
the electromagnetic field in space is an electromagnetic wave. Light is also an electromagnetic
wave.

Learning Outcomes:

By the end of this lesson, students will be able to:

Identifies electric charges as a source of electric field.

They will know that the flow of current through a wire creates a magnetic field.
Explain the that the alternating electric field creates a variable magnetic field.
They will know that changes in the magnetic field give rise to an electric field.

AR e

Explain the that 2 fields are manifestations of 1 single object: the electromagnetic field.

Pre Lesson-Preparation

Virion’s Physics application, educational movies “Electricity and Magnetism”:

https://www.youtube.com/watch?v=Elv3WplL.32UE&ab_channel=NationalGeographic

https://www.youtube.com/watch?v=XoVW7CRRS5JY &ab_channel=ScienceClicEnglish

ICT and VR Resources, Skills, and Apps

Hardware equipment: computer, laptop, tablets, smartphone, VR glasses, Interactive board,
multimedia and white screen.

IT skills the teacher: Basic VR navigation, computer and interactive
whiteboard skills.

IT skills the students will need for this lesson: Navigating within a VR environment,

computer and interactive whiteboard skills.

Software and Apps
VR Apps, PHYSICS VR EXPERIENCE INTERFACE

2022-1-ES01-KA220-SCH-000089414


https://www.youtube.com/watch?v=Elv3WpL32UE&ab_channel=NationalGeographic
https://www.youtube.com/watch?v=XoVW7CRR5JY&ab_channel=ScienceClicEnglish

VIRION

Virtual Reality
Applied to
School Education

Key Vocabulary

The new words students will learn during the lesson.

Electric cable
Battery

Bulb

Switch
Ammeter
Fuse
Voltmeter
Electric cable
Battery
Bulb

Switch
Ammeter
Fuse
Voltmeter

Key competencies development:

Science competences;
Digital competences;
technology competences;

N AW =

effectively.

engineering competencies;

VR navigation, computer and interactive skills;
Personal, social and learning competences — collaboration and teamwork.

“Electricity and Magnetism”: Virtual Reality can help students to interact with virtual
circuits and magnetic fields to comprehend electrical and magnetic phenomena more

By the end of this lesson, students will develop the following key competencies:

Formal and non-formal methods applied in the lesson:

group work, discussion, role game.

2022-1-ES01-KA220-SCH-000089414
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

All students showed interest, desire to learn through VR reality. They took an active part in the
class.

With the observation and experiences with VR applications, the motivation for experiential
learning increased and the expected learning outcomes were achieved.

To assess students' knowledge, state educational requirements and

state educational standards adopted by the Bulgarian Ministry of Education in Physics in 10th
grade.

On the active participation of students in the class, their participation in the discussion and their
answers.

Teaching & Classroom Management

Creating a friendly environment and atmosphere, no unnecessary stress and no negative
emotions. Students are allowed to err, They thus learn through "trial and error". For a pleasant
atmosphere and high motivation, working in the VR environment and the VR experience is
important.

Planning & Subject Knowledge

Mainly by using VR apps, VR experience, VR glasses in classes. VR experience helps students
to better assimilate the learning material.

Teaching with VR implementation

Problems, appeared during the lesson.

Teaching with the implementation of VR achieves better visualization of the learning material,
increased interest in the subject and motivation for learning, better assimilation of knowledge
and skills by students. Greater durability of knowledge is achieved.

A larger number of VR glasses are needed, to have separate VR glasses for every 1 student per
class, in order for the VR excuse to be more complete for better results.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to
School Education

VIRION

1 LESSON PLAN COUNTRY: FINLAND

Lesson Topic

Electricity and magnetism

Subject Class Duration | Notes about the class (number of
(min) the students etc.)

Physics 9t orade 45 14-20

Type of the lesson

Normal lesson

Context

Links with previous | Students has been studied before electricity and now figure out things
lesson(s) they already know.

Cross curricular Literature, how to read instructions.
links before the
lesson

Learning Objective:

Learn how to communicate to each other. Practise to co-operation when only one student is
seeing things and need to explain other.

Practice patience, they need to wait and solve problems individual in new user interface.

Learn digital skills and using own memory to solve tasks.

Learning Outcomes:

By the end of this lesson students will be able to talk how to use new user interface and solve
problems. How to figure out that electricity is “hidden” many places. Focus to understand that
you can also see things with “physics glasses” on.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to
School Education

VIRION

Pre Lesson-Preparation

Charging VR-devices and print lesson plan for students. Be ready to project app instruction to
whiteboard.

ICT and VR Resources, Skills, and Apps

VR glasses

Teacher must be prepared and be able to help students, so virtual glasses and apps has to be
tested before lesson.

Key Vocabulary

Students will learn some new terms concerning electricity.

Key competencies development:

Students must use different environment for learning. They develop their digital skills. There is
also possibility to learn foreign language

Formal and non-formal methods applied in the lesson:

Methods to use is group work and discussion about the new things. Sharing own observations
to each other.

2022-1-ES01-KA220-SCH-000089414



2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

Most of the students succeeded to tasks. Valuation made with discussion all together and small
groups.

Teaching & Classroom Management

Learning in different way and using virtual environment made possibility to focus strictly one
task. Students also need to work individually part of the time. In classroom there is challenges
to get focus in learning. When some students haven’t job to do. There was opportunity to
observation to other students and how they made process.

Planning & Subject Knowledge

This would be part during specific curriculum. Then it would increase knowledge. It could be
better planning and time to make specific question what to answer after playing and learning
VR-application.

There are differences with students and approaches to learning varies. You need to help a lot
of some and that’s why instructions have to be more specific.

There is a lot of possibilities to create ingredients which would help imagination for students.

Teaching with VR implementation

Teaching without the VR is more effective and learning is deeper. You can’t know for sure
what students will learn with VR. So, it’s a nice addition to lesson. Someway it makes students
eager to subject. So, learning with VR offers enthusiastic to learn subject while paying.

Unfortunately, it will give some students nausea. There are also several problems with using
devices. Mainly, how to find correct menu, correct app, correct user and so on. For teacher it
almost impossible to help students because you can’t see the same what the student is seeing.

2022-1-ES01-KA220-SCH-000089414



VIRION

Virtual Reality
Applied to
School Education

Lesson Topic

Electricity and Electromagnetism with Virtual Reality (Virion Project: VR methodologies for

learning)
Subject Class | Duration | Notes about the class (number of
(min) the students etc.)
Technology 4°ESO 55 20
Type of the lesson

Practical lesson with immersive technology (Virtual Reality) focused on the interactive

exploration of the concepts of electricity and electromagnetism.

Context

Links with previous
lesson(s)

Students have previously studied the basic concepts of electricity,
including current, voltage, and resistance. They have also worked with
simple circuits in previous classes. This prior knowledge will help them
understand the more complex interactions between electricity and

magnetism that they will observe in the simulations.

Cross curricular
links before the
lesson

Previous concepts from Mathematics (equations to calculate voltage,
current and resistance), Physics (principles of force and energy) and
Technology (use of digital tools and simulations) will be used. Basic

technological skills that students have already acquired will also be

applied.

72022-1-ES01-KA220-SCH-000089414



Virtual Reality

| VIRION | 5
School Education

Learning Objective:

Students will learn how electricity and magnetism interact, exploring phenomena such as
electromagnetism and its application in common devices. Through immersive simulations, they
will experience how magnetic circuits and fields work, and how electricity can generate

magnetism.

Learning OQutcomes:

By the end of this lesson students will be able to:

1. How magnetic circuits and fields work

2. How electricity can generate MAGNETISM

Pre Lesson-Preparation

The materials used in these activities previously are the classroom explanation, based on
presentations, notes and questionnaires completed by the students. Once the topic was

finished, virtual reality resources were used, basically glasses.

ICT and VR Resources, Skills, and Apps

Required hardware equipment: VR glasses, computers and interactive whiteboard.

The teacher must have prior knowledge of both the subject and the new technologies applied to

the classroom. To do this, training is received in the use of virtual reality glasses.

Interactive simulations of electrical circuits and electromagnetic fields, which will allow

students to observe the behavior of electricity and magnetism in real time.

Key Vocabulary

Circuit, Electric current, Magnetic field, Electromagnetism, Resistance, Voltage

Generator, Electric motor

72022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to
School Education

VIRION

_

Key competencies development:

At the end of this lesson, students will have developed the following competencies:

1. Digital competencies: Advanced use of VR tools for scientific simulation.
2. Scientific skills: Understanding electromagnetic phenomena.

3. Collaborative skills: Teamwork to solve problems based on simulations..

Formal and non-formal methods applied in the lesson:

I work in small groups to facilitate the use and discussion around the VR stations.
Debate and discussion about the phenomena observed in the simulation.

Team problem solving: Students will have to apply what they have learned to solve simulated

challenges related to circuits and electromagnetism.

72022-1-ES01-KA220-SCH-000089414
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2 LESSON EVALUATION

What was successful/not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

Successes: Direct interaction with the VR simulation allowed students to understand abstract
concepts, such as electromagnetism, in a more tangible and visual way. The students showed
greater curiosity and commitment.

Aspects to improve: Some students needed technical support with the VR equipment.

Integrating a short familiarization session before the main lesson could help in the future.

Results achieved: The majority of students managed to correctly explain the observed
phenomena and relate them to practical applications (such as the operation of an electric
motor).

Measurement of progress: Answers to the questions and the final questionnaire assessed

general understanding.

Teaching & Classroom Management

Arranging the classroom in small groups, with shared access to technology, allowed students
to collaborate effectively. The use of VR fostered a dynamic and participatory learning

environment.

2022-1-ES01-KA220-SCH-000089414



Planning & Subject Knowledge

To improve pedagogy and address errors and misconceptions, it is crucial to apply strategies
that allow these errors to be identified and corrected effectively. This includes conducting
pre-assessments to detect misunderstandings before the lesson and administering ongoing
formative assessments during class. In addition, error-based learning should be encouraged,
where errors are seen as opportunities for growth, and visual models or simulations should be
used to facilitate the understanding of complex concepts. Immediate and personalized
feedback is essential to correct errors quickly, and differentiation of instruction allows

teaching to be adapted to different levels of students.

To develop creative approaches that suit individual needs, personalized projects can be
offered that align students' interests with lesson topics. The use of emerging technologies
such as virtual and augmented reality can motivate students with different learning styles. It is
also useful to incorporate gamified activities to capture their attention and encourage
collaborative learning through peer tutoring. Finally, providing flexible learning paths allows
each student to progress at their own pace, promoting a more personalized and effective

learning experience.

Teaching with VR implementation

Benefits: VR teaching allowed students to visually experience how electric current generates
magnetic fields and how they are used in devices. This made abstract concepts more

accessible.

Challenges: There were minor issues with some students adapting to using technology,

which required more time than anticipated.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality
Applied to
School Education

VIRION

Lesson Topic

Electricity and Magnetism

Subject Class | Duration | Notes about the class (number of
(min) the students etc.)
4° Technology 3°ESO 660 25 students
Type of the lesson

An interactive lesson utilizing immersive technology (Virtual Reality) to explore the principles
of electricity and electromagnetism

Context

Links with previous | Skills in the use of materials and tools, mathematical skills for solving
lesson(s) equations, handling units, use of simulation programs, making
presentations, teamwork, etc.

Cross curricular Physics, Mathematics, and Computer Science.
links before the
lesson

Learning Objective:

Understand the basic concepts that guide electricity and magnetism.
Apply the fundamental laws and principles governing electricity and magnetism.
Develop problem-solving skills in electricity and magnetism.

Explore the technological applications of electricity and magnetism.

Learning Outcomes:

Understanding of the physical phenomena that govern electricity and magnetism.

2022-1-ES01-KA220-SCH-000089414



Virtual Reality

VIRION | 5
‘ School Education

Relationship between electricity and magnetism.
Analysis of circuits.

Ability to carry out experiments related to electricity and magnetism.

Pre Lesson-Preparation

Summaries of key concepts in electricity and magnetism
Worksheets with exercises and problems

PDF file with the contents of the unit

PowerPoint presentations or similar

Virtual reality glasses pieces related to the topic
Preparation of materials for practices and projects

Exams and quizzes to measure student progress, with corresponding rubrics

ICT and VR Resources, Skills, and Apps

Interactive whiteboard or projector, virtual reality glasses, laptop, etc.

Teacher: basic computer skills, presentation software, learning management systems,
simulation programs and assessment tools.

Students: basic computer skills, presentation software, simulation programs, excel and research
skills.

Tinkercad, PhET Simulation Programs

Key Vocabulary

Electricity: Ohm’s Law, electric power, capacitor, electromagnet, relay

Magnetism: Magnetic field, magnetic force, magnetic flux, electromagnetic induction,
transformer

2022-1-ES01-KA220-SCH-000089414



Virtual Reality

VIRION | 525
| School Education

Key competencies development:

— Mathematical competence and competence in science, technology, and engineering.
— Digital competence.
— Personal, social, and learning-to-learn competence.

— Entrepreneurial competence.

Formal and non-formal methods applied in the lesson:

The project-based method or technological process will be used. After learning the concepts
and laws governing Electricity and Magnetism, students will carry out practical exercises where
they can observe the application of what has been studied in the unit. Students will work in
groups of 3 or 4.

2022-1-ES01-KA220-SCH-000089414
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2 LESSON EVALUATION

What was successful / not so successful? What was the impact of this on student progress?

Evaluation

Pupil Learning & Progression

85% of students achieved good grades on the evaluation tests conducted. These results were
based on the assessments for each activity.

Teaching & Classroom Management

The lesson was built on prior knowledge, continuously constructing student learning in a
progressive manner, emphasizing practical experiences or simulations with virtual reality
programs.

Planning & Subject Knowledge

Teaching with VR implementation

The use of virtual reality glasses proved to be a highly engaging resource, offering immersive
and interactive experiences. It facilitated a better understanding and visualization of complex
concepts and enabled students with special needs to participate inclusively. Some students
experienced motion sickness and had to remove the glasses.
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