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ABSTRACT

Formulation of the problem. The rapid development of technologies in the modern world opens up new horizons
for education. Integrating science, technology, engineering, arts, and mathematics (STEAM) holds particular significance as
a transformative approach, fostering interdisciplinary learning and preparing students for the challenges of a knowledge-
based and digitized society. The transition from a traditional approach to STEAM education becomes even more captivating
with the incorporation of immersive technologies. This direction, merging technical and creative aspects, requires an
innovative approach to the organization of educational projects, considering the new opportunities and challenges presented
by virtual reality (VR), augmented reality (AR), and mixed reality (MR).

Materials and methods. To achieve the goal of our research, we used the following methods: systematic and comparative
analysis of pedagogical, psychological, philosophical, and sociological works, methodic literature, and analysis of the
pedagogical experience of using immersive technologies to organize STEAM projects at school; synthesis and generalization
to formulate the main provisions of the study; interviews and questionnaires of teachers regarding their understanding and
attitude to immersive technologies as a means of implementing STEAM projects at school; interpretation of research results.
We analyzed 18 scientific sources, including 14 Scopus-indexed articles, two reports (the educational report from Horizon
2020 and the "State of the Industry Report" from the XR Association), and two scientific studies by Ukrainian researchers.
Eighty-seven teachers participated in interviews and surveys conducted through Google Forms.

Results. Creating and organizing a STEAM educational project using immersive technologies involves the following teacher
actions: forming a project name by the student's learning goals, educational content, and the project result as its product;
creating a reference project; determining the subject, topic, age of students, project preparation time, learning time, essential
immersive technologies; forming the purpose of the first lesson and project tasks to immerse and motivate students about
the project; identifying problematic issues that should reflect the actual context or problem. We have characterized teachers'
attitudes towards immersive technologies when organizing and conducting such projects. Based on the study's results, we
have identified the features of organizing STEAM projects using immersive technologies: expanding the field of creativity with
AR and VR, immersion in scientific concepts and conducting experiments through the use of virtual laboratories, visualizing
abstract ideas through the use of augmented reality, interacting with technology through mixed reality projects, and
teamwork in immersive environments.

Conclusions. Immersive technologies in STEAM education have advantages (e.g., gaining practical experience, forming
interdisciplinary connections through interdisciplinary learning, cooperation, communication, adaptive environment, and
request for creativity) in teaching.

KEYWORDS: immersive technologies; virtual reality; augmented reality; mixed reality; STEAM educational project; general
education institution.
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AHOTAUIA

®dopmynioBaHHA Npobnemu. CTPIMKUIA PO3BUTOK TEXHONOTIA Yy Cy4aCHOMY CBITi BiAKPMBAE HOBi FOPU3OHTU ANA OCBITK.
0c06/1MBOro 3HaYEHHA NPU LbOMY HabyBa€e NOEAHAHHA HAayKW, TEXHOOTIN, iHXeHepii, MUCTeLTBa Ta maTeMaTuku (STEAM)
AK TpaHcHOPMaLIMHOro MigXo4y, AKUIN CNPUAE MIKAUCUMNAIHAPHOMY HaBYaHHIO Ta FOTYE Y4YHIB 4O BMKAWKIB CycninbcTBa
3HaHb Ta umdposisauii Bcix chep gianbHocTi NtoamHu. Mepexig, Big TpaguuinHoro niaxogy fo STEAM-ocBiTH cTae we 6inbl
3aXOMN/IMBUM 3aBAAKM BUKOPUCTAHHIO iIMEPCUBHUX TEeXHONOTIN. Lielt HanpAMOK, Wwo o6'eAHYe TeXHIYHI Ta TBOPYI acnekTw,
BMMArae iHHOBALIMHOIO niaxody [AO OpraHisauii OCBITHIX MPOEKTIB, AKWUI BPAXOBYE HOBI MOX/IMBOCTI Ta BWK/MUKM,
LLLO CTBOPIOIOTb BipTyanbHa peanbHicTb (VR), po3wupeHa peanbHicTb (AR) Ta 3milwaHa peanbHicTb (MR).

Marepianu i metogu. [1na AOCATHEHHA METW HALWWOro AOCNIAXEHHA MU BUMKOPWUCTOBYBANAW HACTYMHi METOAM: CUCTEMHUI
i NOPIBHANBHUIA aHani3 NeAaroriyHMx, NCUXONOTIYHUX, GINOCOPCHKMX, COLONOrYHMX NpaLb, METOAUYHOI Ta chewianbHol
NiTepaTypu; aHani3 nefaroriyHoro A0CBiAy BUKOPUCTAHHSA iMePCUBHUX TEXHOOTIN Ana opraHisauii STEAM-NpPOEKTIB y WKoAi;
CMHTE3 Ta y3arasbHEHHA AN GOPMYNOBAHHA OCHOBHUX MOJIOMKEHD AOCNIAKEHHSA; iIHTEPB'0 Ta aHKETYBAHHA BUMTENIB LLOAO
PO3YMiHHA Ta CTaBNEHHA [0 IMEPCUBHWMX TEXHONOrIM AK 3acoby peanisauii STEAM-NPOEKTiB y LWKOAI; iHTepnpeTauis
pe3ynbTaTiB AocnigKeHHA. Byno npoaHanisoBaHo 18 HayKoBUX AyKepen, 3 sKkux: 14 cTaTei, Wo iHAeKcyoTbesa Scopus, 2 3BiTa
(ociTHiit 3BiT Fopm3oHTa 2020 Ta «3BiT NPO CTaH ranysi» KomnaHii XR Association) Ta 2 HayKOBMX LOCNIAKEHHA HAyKOBLiB
YKpaiHu. Y iHTepB’to Ta aHKeTyBaHHi, L0 NPoBOAMAOCA 3a gonomoroto Google Form, B3Ano yyactb 87 BuuTenis.

Pe3ynbtatn. CTBOPEHHA Ta OpraHisaLia ocBiTHbOro NPoekTy STEAM 3 BUKOPUCTAHHAM iMEPCUBHUX TEXHONOTIN Nepeabdayae
Taki 4ii BunTena: GopmMyBaHHA Ha3BM NPOEKTY BIANOBIAHO A0 LiNeW HaBYaHHA y4HA, 3MICTY OCBITU Ta pe3y/nbTaTy MPOEKTY
AK MOro NPOAYKTY; CTBOPEHHA pedepaTUBHOrO NPOEKTY; BU3HAYEHHA NpeameTa, TeMMU, BiKY YUHIB, Yacy NiAroTOBKMU NPOEKTY,
4acy HaBYaHHA, OCHOBHUX IMEPCUBHUX TEXHOOTiN; GOPMYBaHHA METU NepLIOro YPOKY Ta 3aBAaHb NPOEKTY A/1A 3aHYPEHHA
Ta MOTMBALii Y4YHIB WWOAO NPOEKTY; BM3HAYEHHA NPOBNEMHMX MUTaHb, AKI MatloTb BiAOOPaXKaTU PeanbHU KOHTEKCT
abo npobnemy, a TakoXK CTUMYNIOBATU JOCNIAMKEHHA Ta BUPILLEHHA NPOBAEM YYHAMM 3aBAAKK IXHIM 3HAHHAM y chepax
STEAM Ta BUKOPWUCTAHHIO iIMEPCUBHUX TEXHOJOFIN; ONUC AiANBHOCTI YYHIB Y NPOEKTI; NNaHYBaHHA NPe3eHTaLi NPOEKTHUX
NPOAYKTIB y4HAMMU. Hamu 0XapaKTEPU30BAHO CTaBNEHHSA BUUTENIB A0 iIMEPCUBHUX TEXHOOTIY NPY OpraHisaLii Ta NpoBeAeHHI
TaKMX NPOEKTIB. 32 pe3ynbTaTammn JOCNIAKEHHA MU BUAINUAM ocobanBocTi opraHisauii STEAM-NpPOEKTIB 3 BUKOPUCTAHHAM
iMEPCMBHUX TEXHOMOrIN: PO3LWMPEHHA MoANA TBOpPYOCTI 3a fdonomoroto AR Ta VR, 3aHypeHHA B HayKoBi KoHuenuji
Ta NPOBEAEHHA EKCMEPUMEHTIB 3aBAAKM BUMKOPWUCTAHHIO BipTyasbHUX NabopaTtopii, Bidyanisauisa abCTPaKTHUX KOHLENL;ii
yepes 3acTOCyBaHHA [OMNOBHEHOI PeanbHOCTi, B3aEMOAIA 3 TEXHO/OTAMM 4Yepe3 NPOEKTU i3 BUKOPUCTAHHAM 3MilLAHOT
peanbHOCTi, KOMaHAHa poboTa B iIMEPCUMBHUX CepefoBULLAX.

BUCHOBKWU. BUKOpPWUCTaHHA iMmepcuBHUX TexHosorin y STEAM-ocBiTi Mae nepesarn (HabyTTa npakTUMYHOro A[ocCBiAy,
dopmyBaHHA MiXKNpeaAMETHUX 3B A3KIB 3aBAAKM MiXAUCLMNAIHAPHOMY HaBYaHHIO, CMiBMpaLUs i KOMyHiKalid, aganTueHe
cepefioBULLE, 3aNUT Ha KPeaTUBHICTb TOLLO), AKi 3abe3neuytoTb LiNicHWI Ta epeKTUBHMI Niaxia A0 HaBYAHHA.

KNKOYOBI C/IOBA: imepcusHi mexHosoeil; sipmyasnbHa peanbHicme; 00M0BHEeHA pPeasbHiCMb, Po3wWupeHa peasnbHicms;
HasyanbHUli STEAM-npoekm; 3akaad 3aeanbHoi oceimu.

INTRODUCTION

In the dynamic education’ development the fusion of Science, Technology, Engineering, Arts, and Mathematics (STEAM)
has emerged as a transformative approach, fostering interdisciplinary learning and preparing students for the challenges of
a rapidly evolving world. The rapid development of technologies in the modern world opens up new opportunities for education
and training. The transition from a traditional approach to STEAM education is now even more exciting, thanks to the use of
immersive technologies (Soroko, 2020; 2021). This direction, combining technical and creative aspects, requires an innovative
approach to the organization of educational projects that takes into account the new opportunities and challenges created by
extended reality (XR), also known as cross reality (CR), which includes augmented reality (AR), virtual reality (VR), mixed reality
(MR), and any other reality that might emerge (Meccawy, 2022).

The XR Association (XRA) and the International Society for Technology in Education (ISTE) found that 77% of teachers
believe immersive technologies ignite curiosity and improve engagement in class (XR association releases “State of the industry
report”, 2023).

The survey by XR Association (XRA) and the International Society for Technology in Education (ISTE) presented this
conclusion based on a poll of over 1,400 high school teachers across 50 US states, namely

XR experiences would be beneficial for students: Earth sciences (94%), Physics and space science (91%), Math (89%),
English language (86%), World languages (87%), History and social studies (90%), Social sciences (91%), Computer science (91%),
Visual and performing arts (91%), Physical education (88%), Career and technical education (91%).

By exploring the synergy between these cutting-edge tools and various STEAM fields, we unlock the potential to
reimagine the educational experience, fostering student creativity, critical thinking, and teacher technological mastery.
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THEORETICAL BACKGROUNDS

The STEAM education concept has many features such as interdisciplinary, contextual, multidimensional, artistic,
design, collaborative, experiential, and technical, and its teaching methods are diverse. As STEAM is a unique teaching concept,
several excellent teaching methods can be used for its instruction. Researchers highlight project-based learning (PBL), discovery-
based learning, cooperative teaching methods, inquiry-based learning, and problem-based learning (Usman et al., 2022; Aimulla
et al., 2020; Morze et al., 2020, Makransky et al., 2023; Del Moral Pérez et al., 2023).

While methods specified by scientists may share some common elements, they have their distinct features and differ
in their approach to organizing and conducting educational activities, namely, some key differences:

—  Focusing on the process of knowledge discovery vs. creating a product:

Discovery learning: the primary emphasis in discovery learning is on the process of self-discovery and assimilation of
knowledge, and students may engage in exploration, experimentation, and uncovering new facts, with the product or result not
always being the focus.

PBL: PBL centers around the creation of a specific product or project by students, and this product can include research,
presentations, artifact creation, or solving a particular problem.

Cooperative teaching method: focuses on collaborative work and group interaction.

Inquiry-based learning: centers on stimulating questions and solving tasks through investigation.

Problem-based learning: concentrates on solving real-world problems through collaboration and analysis.

—  Teacher's role and student autonomy:

Discovery Learning: Discovery learning assumes greater student autonomy in the research process. The teacher acts as
a facilitator, creating conditions for discovery but not always directing the outcome.

PBL: In PBL, the teacher may have more input in defining project parameters and goals, providing specific tasks, and
assessing the final product. However, there can still be an element of student autonomy, especially in choosing the approach to
project implementation.

Cooperative Teaching Method: The teacher facilitates group dynamics, ensuring equal participation and effective
communication.

Inquiry-Based Learning: The teacher guides the inquiry process, helps formulate questions, and provides support in task
resolution.

Problem-Based Learning: The teacher facilitates problem identification, guides the process, and assesses the application
of knowledge to real-world scenarios.

—  Form of assessment:

Discovery Learning: Assessment in discovery learning may be more focused on the learning process, development of
critical thinking, and student independence.

PBL: Assessment in project-based learning often emphasizes the results and the quality of the product students create.
Evaluation may also consider the process and student involvement in project implementation.

Cooperative Teaching Method: Assessment may consider the quality of collaboration, communication, and group
interaction.

Inquiry-Based Learning: Assessment is oriented toward the inquiry process and students' ability to formulate and
answer questions.

Problem-Based Learning: Assessment focuses on the outcome, which manifests in real-world applications, and may
evaluate the group's ability to collaborate and think critically.

—  Approaches to Knowledge Acquisition:

Discovery Learning: More oriented towards personal investigation and the discovery of new knowledge. Students may
formulate questions and seek answers independently.

PBL: While it may include elements of knowledge acquisition, project-based learning places a greater focus on the
specific project, allowing students to apply and implement acquired knowledge.

Although these approaches may intertwine, incorporating some elements of one method into the other, they have
unique characteristics and values in education.

Cooperative Teaching Method: Involves collective efforts to solve tasks or projects where students interact and share
knowledge.

Inquiry-Based Learning: Encourages students to actively ask questions, conduct research, and arrive at conclusions
through their exploration.

Problem-Based Learning: Oriented toward solving real problems and applying knowledge to specific scenarios.

These methods differ in their approaches and emphases, but each is characterized by active student participation,
fostering autonomy, and developing critical thinking. The choice of a method may depend on educational goals, content, and
desired learning outcomes.

Scientists especially note the method of an educational project for the implementation of STEAM education.

PBL is a student-centered approach that focuses on students actively engaging in real-world, projects to gain knowledge
and develop skills. PBL emphasizes hands-on, experiential learning, rather than passive learning through lectures. In a PBL
students work on a project over an extended period, during which they explore and investigate a specific topic or problem
resulting in a product that is presented publicly (Kuhail et al., 2022; Almulla, 2020).

STEAM (science, technology, engineering, art, mathematics) projects are interdisciplinary offerings that promote
learning resulting from the convergence of content from different fields and emphasize the role of the arts in the pedagogical
competencies involved in the development of immersive literary environments: a combination of STEAM projects and creators'
cultures (Del Moral Pérez et al., 2023). The STEAM methodology is aimed at developing critical and creative thinking, problem-
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solving, and the application of various skills (Celis & Gonzalez, 2021). This type of project is becoming widespread in various fields,
from the school (Polihun et al., 2019; Hawari & Noor, 2020; Martins et al., 2021; Mohd, 2020) to the university (Carter et al.,
2021; Thompson, 2021), preferring to study in additional fields.

Scientists (Polihun et al., 2019) note that the process of organizing STEAM projects is influenced by a significant number
of factors (such as integrated disciplines, the qualifications of project leaders, the age category of students, personal qualities of
participants, natural, technical, material opportunities, project implementation timelines, etc.). In light of this, it can be stated
that each project will be unique since different resources are utilized during its implementation to achieve the same goal. In the
organization and implementation of STEM projects, it is necessary to adhere to a sequence of actions and focus on the main types
of educational activities and technologies.

The use of immersive technologies to build an educational environment within the implementation of STEAM
educational projects can provide new ideas for the design of STEAM educational resources (Brown et al., 2020; Fombona, 2020;
Cebi, Reisoglu, 2020; Del Moral Pérez et al., 2023).

The purpose of the article is to analyze the use of the features and benefits of organizing STEAM educational projects
using immersive technologies.

RESEARCH METHODOLOGY

To achieve the goal of our research, we used the following methods: systematic and comparative analysis of
pedagogical, psychological, philosophical, and sociological works, methodical and special literature; analysis of the pedagogical
experience of using immersive technologies to organize STEAM projects at school; synthesis and generalization to formulate the
main provisions of the study; interviews and questionnaires of teachers regarding their understanding and attitude to immersive
technologies as a means of implementing STEAM projects at school; interpretation of research results. We analyzed 18 scientific
sources, including 14 Scopus-indexed articles, 2 reports (the educational report from Horizon 2020 and the "State of the Industry
Report" from the XR Association), and 2 scientific studies by Ukrainian researchers. In interviews and surveys conducted through
Google Forms, 87 teachers participated.

RESULTS OF RESEARCH

Systematic and comparative analysis of pedagogical, psychological, philosophical, and sociological works, methodical,
and special literature allowed us to single out the main positions regarding the organization of the STEAM project with immersive
technologies (Fig. 1).

2) table of summary (subjects, topics, age of
students, preparation time, teaching time,
immersive technologies (AR and VR for
subjects and for creation by students of the
project product and didactic materials
created by the teacher for the project))

1) abstract (introduction, plan
of the project, keywords)

—

Title of the project

3) integration into the curriculum
(combination of the project topic with
educational content)

4

introduction, explanation of tasks,
identification of problematic issues,

problem guestions

N . . d
motivation of students, instructions, an .
. . activites
- creation of groups of students according (creativi tical
4) aim of the first to their wishes, suggestions for the tools creaﬂ:;rlty: critica
lesson used, definition of the project result and ng,’
and tasks collaboration,

options for its presentation using virtual
and augmented reality, discussion of the
evaluation of the project result

innovation,
problem solving)

5) presentation of project products by
students

Fig. 1. The Project creation and organization plan
Source: Own work.

The project creation and organization plan include the following teacher’s actions:

— formation of the project’s title by the goals of student learning, topics of other educational subjects, and the planned
product of the project;

— create an abstract of the project so the teachers understand the main problem and the purpose of its
implementation, consisting of the following parts: introduction, plan of the project, keywords;

— write a table of summary (subjects, topics, age of students, preparation time, teaching time, immersive technologies
(AR and VR for conducting research and experiments within specific academic subjects and creation presentation of project
products by students, for the project product and didactic materials created by the teacher));

— check and think about integrating the project plan into the curriculum (combination of the project topic with
educational content);

— formation the aim of the first lesson and tasks of the project, and is to introduce and create the school class project
group with the role of coordinating and monitoring all actions planned for the students (introduction, explanation of tasks,
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identification of problematic issues, motivation of students, instructions, creation of groups of students according to their wishes,
suggestions for the tools used, definition of the project result and options for its presentation using virtual and augmented reality,
discussion of the evaluation of the project result);

— think about problem questions and their formation (a problem question should reflect a real-world context or
problem and should stimulate research and problem solving from multiple fields of knowledge);

— describe the students' activities in the project (student activities in the project should cover creativity, critical
thinking, collaboration, innovation, problem-solving, communication, productivity);

— planning presentations of project products by students.

We pay particular attention to the culmination of a STEAM project as a presentation where students showcase their
work and communicate the outcomes of their collaborative efforts. This presentation phase is crucial as it not only demonstrates
the students' grasp of the subject matter but also hones their communication, presentation, and digital skills.

Here's a breakdown of the key aspects involved in the presentation of project products.

Students should:

— showcase prototypes, designs, or models created during the project;

— present the results of practical experiments and data analysis;

— share insights gained from experiments and observations;

— highlight the use of virtual and augmented reality in problem-solving, as well as in creating the project presentation;

— demonstrate any coding, software development, or technological solutions;

— discuss the role of technology in achieving project goals;

— demonstrate the integration of art and creativity, showcasing any artistic elements incorporated into the project
and explaining how artistic choices enhance the overall project;

— identify the individual contributions of each participant and discuss team dynamics, sharing how effective
collaboration led to project achievements;

— address any problems encountered during the project, highlighting approaches to problem-solving and adaptation;

— share thoughts on how the project could be expanded or applied in the future.

Essentially, the presentation of project products in the context of STEAM is an opportunity for students not only to
showcase their technical skills but also to refine their ability to effectively communicate complex ideas to a diverse audience.

We offered the tools to the teachers, among which they had to choose the ones they don’t know, the ones they used,
and the ones they used when conducting STEAM projects (Table 1). In the survey conducted through Google Forms, 87 teachers
participated.

Table 1. The results of teachers' answers

VR/AR I don’t know | | use this tool | | used this tool | I know this | Comments and
this tool (%) | (%) /number | when conducting | tool but don’t | suggestions
/number of | of STEAM  projects | use (%)
respondents | respondents (%) /number of | /number of
respondents respondents
Unity/VR 36,8%/32 32%/28 17%/15 37%/27 Unity is a powerful engine
for developing games and
applications in  virtual
reality
Google Expeditions/VR - 67%/59 39%/34 32%/28
Google VR SDK 16%/14 68%/60 55%/48 15%/13
ARCore (for Android) | 36,8%/ 32 32%/28 17%/15 37%/27
and ARKit (for iOS)
Vuforia/AR 36,8%/ 32 32%/28 17%/15 37%/27 This resource is charged
Zappar/AR 36,8%/ 32 - - 63%/55 Zappar is a tool for
creating AR notations and
displaying interactive
content via mobile
devices
Cospaces Edu/VR - 36,8%/ 32 30%/26 63%/55 Cospaces Edu is a web
platform  that allows
teachers and students to
create virtual worlds and
interactive VR lessons
without programming
AltspaceVR 16%/14 27%/24 9%/8 56%/49
Metaverse Studio/AR 21%/18 79%/69 61%/53 - Metaverse Studio is a
platform for creating AR
applications and
interactive games without
programming
Blippar/ VR and AR 21%/18 79%/69 42%/37 -
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CoSpaces Edu Merge | - 65%/57 39%/34 34%/30

Cube/AR

Mozilla Hubs/VR and AR | 54%/47 - - 46%/40

SketchUp/VR and AR 36,8%/ 32 32%/28 17%/15 37%/27

EasyAR 13,8%/12 25%/22 11%/10 61%/53

Spark AR 13,8%/12 - - 86%/75 The function of the tool is
to create masks for
Instagram

Other 100%/87 teachers who
participated use AR and
VR for conducting
research and experiments
within specific academic
subjects

Source: Own work.

Educators exhibit diverse levels of familiarity and usage across VR and AR tools. While some tools, like Google
Expeditions, enjoy high usage, others, such as Mozilla Hubs, show lower usage percentages.

In Table 1, the survey results from teachers are presented. Below, we provide a more detailed analysis of the data.

This analysis provides an overview of the familiarity, usage, and feedback for various VR and AR tools among the
respondents. It indicates the popularity and specific applications of each tool in the context of STEAM projects.

The prevalence of "I don’t know this tool" responses suggests a need for targeted training programs and awareness
initiatives (Unity/VR, Vuforia/AR, Zappar/AR, ARCore (for Android) and ARKit (for iOS), Cospaces Edu/VR, SketchUp/VR and AR —
36.8% (32 respondents); Google VR SDK — 16% (14 respondents); Metaverse Studio/AR, Blippar/VR and AR - 21%
(18 respondents); EasyAR, Spark AR — 13.8% (12 respondents)). Educators may benefit from comprehensive training to enhance
their proficiency with these immersive technologies.

The prevalence of “I used this tool when conducting STEAM projects" responses suggests that tools like Metaverse
Studio, Google VR SDK, Blippar, Google Expeditions, CoSpaces Edu are popular choices for STEAM projects (Metaverse Studio/AR
— 61% (53 respondents); Google VR SDK — 55% (48 respondents), Blippar/VR and AR — 42% (37 respondents); Google
Expeditions/VR — 39% (34 respondents); CoSpaces Edu — 30% (26 respondents)). These tools offer a range of capabilities, from
game development to creating virtual worlds, aligning with the interdisciplinary nature of STEAM education.

The mention of tools like Vuforia being charged raises questions about the financial accessibility of certain resources.
Addressing these challenges could involve exploring alternatives or advocating for subsidized access to enhance widespread
adoption.

Comments highlighting the interactive and engaging nature of tools like Zappar, CoSpaces Edu, and Metaverse Studio
indicate a growing emphasis on immersive and interactive learning experiences in educational settings.

Educators are leveraging tools across both VR and AR domains, indicating a potential for cross-disciplinary projects. This
interdisciplinary approach aligns with the holistic goals of STEAM education.

DISCUSSION

The analysis of scientific literature and teachers' pedagogical experience has allowed us to identify the features of
organizing STEAM educational projects using immersive technologies, namely: expanding the field of creativity through AR and
VR, immersion into scientific concepts, and conducting experiments through virtual laboratories, visualization of abstract
concepts through AR, interaction with technology through MR-projects, teamwork in immersive environments (Fig. 2).

Expanding the field of creativity through AR and VR )

Immersion into scientific concepts and
conduct experiments through virtual

Features of organizing STEAM educational laboratories
projects using immersive technologies

Visualization of ahstract concepts
through AR

Interaction with technology J

through MR-projects

Teamwork in immersive
environments

Fig. 2. Features of organizing STEAM educational projects using immersive technologies
Source: Own work.
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We look at these features in more detail to demonstrate the unique capabilities of immersive technologies for project
management.

1. Expanding the field of creativity through AR and VR.

Augmented Reality and Virtual Reality serve as catalysts for expanding the boundaries of creativity within the STEAM
framework. AR overlays digital information onto the physical world, seamlessly integrating computer-generated elements into
real-life scenarios. This augmentation of reality provides students with an immersive and interactive platform, transforming
mundane subjects into captivating experiences.

On the other hand, Virtual Reality creates entirely simulated environments, transporting students to realms beyond the
confines of the classroom. In the context of STEAM, VR facilitates virtual experiments, architectural simulations, and artistic
endeavors, fostering a hands-on learning approach that transcends conventional limitations.

Integrating AR and VR into STEAM educational projects opens up avenues for dynamic and multidimensional learning.
For instance, students studying biology can engage with lifelike 3D models of cells through AR applications, gaining a deeper
understanding of microscopic structures. In VR, budding engineers can virtually construct and test architectural designs, providing
a practical dimension to theoretical concepts.

Moreover, AR and VR technologies facilitate collaborative projects, allowing students to work together in virtual spaces,
irrespective of physical distances. This not only nurtures teamwork and communication skills but also prepares them for a future
where remote collaboration is increasingly prevalent.

While the integration of AR and VR into STEAM education brings forth numerous opportunities, it also poses certain
challenges. Schools need to invest in the necessary hardware and software, and educators must undergo training to effectively
incorporate these technologies into their teaching methodologies.

In conclusion, the marriage of AR, VR, and STEAM education propels students into a realm of limitless possibilities,
fostering creativity, critical thinking, and a profound understanding of complex concepts.

2. Immersion into scientific concepts and conduct experiments through virtual laboratories.

The integration of virtual laboratories aligns seamlessly with STEM education principles. Educational institutions
globally are adopting these virtual environments to complement traditional teaching methods, providing students with a
comprehensive and dynamic learning experience.

Examples of VR and AR experiments:

— chemical reactions (for example, Crocodile Chemistry, Model Chem Lab, VirtualLab (VLab)): simulating various
chemical reactions allows students to observe and understand reaction mechanisms and stoichiometry;

— physics simulations (for example, ROQED Physics Lab, Roged Science): exploring concepts like motion, force, and
energy through physics simulations aids students in visualizing abstract principles;

— biology Dissections (for example, Google’s AR Microscope, ConfocalVR, HoloAnatomy): virtual dissections offer an
ethical alternative, providing an in-depth exploration of anatomy and biological processes;

— environmental science (for example, Climate Change (https://docubase.mit.edu/project/this-is-climate-change/);
Virtual iSCool, ClassVR (https://www.classvr.com/school-curriculum-content-subjects/virtual-reality-resources/)): simulating
environmental scenarios helps students grasp the impact of pollutants or climate change on ecosystems.

3. Visualization of abstract concepts through AR.

AR enables the visualization of abstract and theoretical concepts that are challenging to represent through traditional
methods. It transforms complex ideas into interactive and visually stimulating experiences.

AR enables students to interact with abstract ideas in a three-dimensional, immersive environment. For instance,
intricate mathematical equations or complex scientific theories can be visualized in a way that transcends traditional two-
dimensional representations (for example, GeoGebraAR/VR).

AR allows for dynamic visualization of data, turning static information into interactive and evolving displays. Abstract
concepts, such as historical timelines or geological processes, can be animated and manipulated in real time. This dynamic aspect
of AR enhances comprehension and retention by offering a more engaging learning experience. Students can interact with
abstract content at their own pace, exploring different facets of a concept until they achieve a comprehensive understanding.
This adaptability ensures that education becomes more inclusive and accessible to a broader range of learners.

4. Interaction with technology through MR projects.

MR projects redefine learning experiences by immersing users in interactive environments. Complex concepts come to
life as users engage with digital overlays in real-world contexts. This immersive quality enhances understanding and retention,
making education more engaging and impactful.

A distinctive strength of MR lies in its ability to simulate real-world scenarios. Whether in education, healthcare, or
industry, MR projects provide users with hands-on experiences, allowing them to interact with virtual representations as if they
were physically present. This simulation aspect enhances practical skill development and problem-solving.

MR technology facilitates personalized and adaptive learning experiences. Tailoring content to individual preferences
and learning styles ensures a customized educational journey. The adaptability of MR projects enhances the effectiveness of the
learning process, accommodating diverse needs.

5. Teamwork in immersive environments

Immersive teamwork provides an opportunity for skill development within a collaborative context. Team members can
hone their communication, leadership, and adaptability skills in a virtual setting, preparing them for real-world scenarios where
these skills are paramount.

The immersive and interactive nature of these environments contributes to increased engagement and motivation
among team members. The sense of presence and shared experiences fosters a positive team dynamic, driving members to
actively contribute to common goals.
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CONCLUSIONS AND PERSPECTIVES FOR FURTHER RESEARCH

Through a comprehensive examination of the data and insights presented, it becomes evident that leveraging
immersive technologies in STEAM education offers a myriad of advantages. Incorporating immersive technologies into STEAM
education projects opens a world of possibilities for educators and students alike. The hands-on experiences, interdisciplinary
learning, global collaboration, adaptive environments, enhanced creativity, and real-world applications contribute to a holistic
and effective approach to education. As technology continues to advance, the integration of immersive technologies in STEAM
education will play a pivotal role in preparing the next generation for the challenges of the future.

We singled out the following features of the organization of STEAM educational projects using immersive technologies,
such as: expanding the field of creativity with the help of AR and VR, immersion in scientific concepts and conducting experiments
through virtual laboratories, visualization of abstract concepts through AR, interaction with technologies through MR-projects,
teamwork in immersive environments.

We found out that the plan for the creation and organization of the STEAM educational project involves the following
actions of the teacher: formation of the name of the project by the goals of student learning, educational content, and the result
of the project as its product; creating an abstract project; determination of the subject, topics, age of students, time of
preparation, time of the study, immersive technologies; formation of the goal of the first lesson and the tasks of the project for
the students’ immersion and motivation regarding the project; defining problematic questions that should reflect a real context
or problem, as well as stimulate research and problem solving by students thanks to their knowledge of STEAM fields and the use
of immersive technologies; description of students' activities in the project; planning presentations of project products by
students.

STEAM projects using immersive technologies often mirror real-world scenarios, providing students with a glimpse into
the practical applications of their knowledge. Whether it's simulating a scientific experiment, designing a virtual city, or
troubleshooting a technological system, students gain insights into how their STEAM skills translate to real-world challenges.

A perspective for further research is the development of courses for teachers to enhance their pedagogical practices in
organizing and conducting educational STEAM projects using immersive technologies.
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