ISSN 2712-0562
Sustainable Engineering and Innovation Original Research
Vol. 5, No. 2, December 2023, pp.261-280
https://doi.org/10.37868/sei.vi.id233

From traditional to digital: The impact of drones and virtual reality
technologies on educational models in the post-epidemic era

Jiaxin Lu'*, Ahmad Yahya Dawod?, Fangli Ying*

LInternational College of Digital Innovation, Chiang Mai University, Thailand

*Corresponding author E-mail: jiaxinlu4353@outlook.com

Received Nov. 1, 2023 Abstract
Revised Dec. 18, 2023 . . . L . . .
Accepted Dec. 26,2023  Employment of various innovative tools for education in the post-epidemic era is

an urgent issue of improving the quality and efficiency of education and the
relevance of educational material. The study aims to investigate the impact of the
use of drones and virtual reality in educational models of student learning in the
post-pandemic period. The study was conducted using a quantitative method, a
sociological survey, a pedagogical experiment, and mathematical processing of the
results. The study involved fourth-year students (n=748) studying in the following
specialties: geography and ecology (n=119), engineering, robotics (n=135),
architecture and urban planning (n=120), agriculture, agronomy (n=118),
information technology (IT) (n=139), journalism (n=117), and teachers (n=258)
with more than 5 years of experience. For the educational process of students of
each specialty, the scope of application of drones and virtual reality has been
developed. Classes with the use of drones and virtual reality were held 2 times a
week for one academic semester. Afterward, students were interviewed using an
adapted questionnaire to study their attitudes toward virtual reality technologies
and drones for learning. Students of all specialties positively evaluated various
aspects of the use of drones and virtual reality in their educational process. The use
of drones helps to improve student engagement and visual attention and has a
positive impact on learning efficiency and student satisfaction with the learning
process. Teachers approve of the use of drones and virtual reality in teaching but
point out that further development of the methodology for training stakeholders in
the educational process, infrastructure, improvement of curricula, and
consideration of various aspects of technology use is needed to further effectively
implement drones and virtual reality in the learning process. The practical
significance of this study is to present aspects of the use of drones in teaching
students of certain specialties and to study the impact of the effectiveness of the
use of these technologies on the opinions of students and teachers.
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1. Introduction

The coronavirus pandemic has contributed to the introduction and multidisciplinary use of digital technologies
in education, and to rethinking the organization of learning in general. Traditional learning models have been
the predominant model for centuries, but they have several limitations, and after the pandemic, they are simply
forced to transform. The emergence of virtual reality and artificial intelligence technologies is forcing changes
in approaches and methods of teaching at different levels [1]. The use of digital resources requires changes to
complement traditional learning to teach students the ability to navigate the digital world and to use different
opportunities to develop their knowledge and skills.

After the pandemic, the educational process involves a much wider use of digital technologies in education,
which are constantly being improved and supplemented. In particular, the use of drones in the educational
process allows for high-quality aerial photography, and virtual reality allows for realistic images of various
objects that are pedagogically difficult to present in normal conditions. These technologies can optimize the
learning process in various fields and increase the level of digital literacy of students so that they learn not only
to perceive but also to create, critically reflect, and analyze information. These skills are powerful abilities for
future professionals in various fields. At the same time, the use of technology in education requires a detailed
study of its impact on the learning process and various aspects of effectiveness.

The use of drones and virtual reality in education is a fairly new technology that requires further research to
explore the feasibility and costs of its use [2] and is associated with a range of technical and pedagogical
challenges [3]. Nevertheless, the use of these technologies will optimize the student learning process. Studies
have shown that the use of virtual reality has had a positive impact on student behavior and, as a result, on
learning outcomes [4], [5]. Another study pointed out the need for software improvements when using virtual
reality (VR) technologies [6] and that the use of this technology is still in its early stages of development [2].
Positive feedback has been received on the use of drones by students, in particular for the educational process
of future architects [7]. The use of drones in the educational process is sometimes unprofitable since when
studying in urban environments, it is not always acceptable to fly a drone while studying in terms of safety and
other factors. To solve this problem, experts have proposed using virtual reality to teach drone control [8].
Experts have proposed promising areas for further research on the use of drones and virtual reality in education,
increasing access to technology, the interaction between the physical and virtual environment, and introducing
new proposals to update the foundations of learning theory, but the practical use of these technologies requires
further study and research [9]. Another limitation of the traditional learning model is the limited access to
learning resources, and the use of technology can significantly expand this access, especially for students from
different regions. At the same time, pupils and students must have equal access to technology, as inequality of
access only widens the gap between different groups. The study aims to investigate the effectiveness of using
drones and virtual reality in the educational process of students. Goals/tasks of the study:
e to study changes in educational models as a result of the use of digital technologies, including virtual
reality and drones;
o to investigate the impact of the use of drones and virtual reality on the engagement of students and
students with educational material;
o to study the readiness of teachers and educators to use drones and virtual reality in the educational
process;
o to explore the positive and negative aspects of using drones and virtual reality in education;
o to evaluate the impact of the integration of drones and virtual reality in the educational process of students
of different specialties.

2. Literature review

There is currently little research on the use of drones in education, and their use in the school environment is
practically non-existent [10]. The use of drones in education allows us to explore certain phenomena from a
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new perspective, gain practical experience with advanced technologies, and visually observe and study various
phenomena [11]. Drones can be used to collect data and conduct various studies. The development of drone
applications has also expanded the possibilities of using them in education, creating a unique and engaging
learning experience [12]. According to the study by [13], it is proposed to conduct training and retraining of
teaching and non-teaching staff to ensure the proper use of drones in student learning. According to a study by
[14], seven opportunities for using drones in education have been identified: programming with blockchain
languages, recording from a height, viewing places that cannot be seen from the ground or other viewing points,
streaming photos and videos in real-time, and gamification. At the same time, four limitations were identified:
the need for teacher training, time constraints on drone operations, infrastructure data, and personal skills and
abilities. Studies of the use of virtual reality in the educational process show an increase in the interest of
scientists and the number of scientific publications on the topic, as well as a positive impact on the training of
certain specialties [15], [16]. Even before the pandemic, interest, in and use of virtual reality in some higher
education institutions was at a high level [17]. In particular, a study conducted by [18] shows an increase in the
number of students who visited teaching laboratories equipped with Oculus Rift headsets, most often used by
students studying at the Faculty of Engineering. At the same time, students noted the negative aspects of using
virtual reality and their reluctance to use it in the future educational process due to complexity, lack of
convenience, and other reasons. However, despite this, the authors recommend the use of virtual reality in the
future when improving this technology for learning. The use of virtual reality allows students to better
understand complex concepts, and to work with information or observe phenomena or conditions that are
difficult to create in the classroom [19]. Virtual reality can be used to simulate and enable students to practice
skills and solutions in a safe and controlled environment. Such conditions are especially valuable for such
specialties as medicine and engineering [20]. [21] showed that learners and students perceive virtual reality
better from desktop virtual reality applications than from head-mounted devices. To improve the effectiveness
of virtual reality, active learning methods should be incorporated, which can shift the focus to the learning-
relevant aspects of the virtual reality learning environment. Other authors have studied the effectiveness of
learning using virtual reality and combining it with educational games [22], [23]. The use of virtual reality and
drones allows for a better understanding of complex concepts and improved skills in environments that are as
close as possible to the actual working conditions or the object of observation. However, more research is needed
on the effectiveness of virtual reality and drones, student and teacher perceptions, and other aspects.

3. Research method

The study was conducted using a quantitative method. The study involved 748 fourth-year students studying
various specialties in Chinese higher education institutions, which were considered in the survey results to assess
the impact of the use of drones and virtual reality for students of these specialties. A detailed description of
student characteristics is presented in Table 1.

Table 1. Demographic characteristics of the students who took part in the study

Number of students, average age

Specialty Males Females
Geography and ecology 87 (20.5£1.8) 32 (20.82+1.35)
Engineering, robotics 94 (21.35£1.9) 41 (19.95+1.55)
Architecture and city building 97 (21.22+1.15) 23 (20.86+1.85)
Agriculture, agronomy 63 (19.96+1.96) 55 (20.55+£1.92)
Information technology (IT) 76 (20.22+1.54) 63 (21.16+1.75)
Journalism 55 (20.65+1.88) 62 (19.54+1.65)
Total (n=748) 472 (20.65+1.75) 276 (20.48+1.77)

A description of the tasks using drones and VR that were used in the educational process of students of different
specialties is presented in Table 2.
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Table 2. Use of drones and virtual reality in the educational process of 4"-year students of different specialties

Specialty Drone employment Virtual reality employment
_ . 1. Geospatial visualization.
Geography and Geographic landscape study, aerial 2. Travel and virtual tours.
ecology photography, ecosystem monitoring, and 3. Virtual modeling of climate change.

analysis of landscape features

4. Assessing the impact of certain factors on
the environment in virtual reality.

Engineering, robotics

Studying the features of engineering
structures, designing, and constructing
drones for various applications

1. Training based on simulation modeling.
2. Digital prototyping.

3. Remote research laboratories.

4. Create an environment for co-design.

5. Programming and control of robotics.
6. Professional development and learning.

Architecture and city
building specialists

Studying the features of structures,
surveying construction sites, assessing
building structures, and creating 3D models
of architectural projects

1. Visualization of architectural structures
and their design.

2. Urban planning modeling.

3. Virtual analysis of a certain area for further
modeling of structures.

4. Architectural presentations and
excursions.

5. Historic buildings tour.

6. Sustainable design research.

Agriculture, and
agronomy

Studying the possibilities of using drones,
and practical applications to study the
peculiarities of agriculture, crops, and soil
conditions

1. Agricultural ~ simulations, and crop
modeling to understand the peculiarities of
growing crops in different conditions.

2. Livestock management modeling.

3. Maintenance and operation of agricultural
machinery.

4. Pest control stimulation.

5. Greenhouse agriculture stimulation.

6. Research in soil science and crop nutrition.

Programming drone movement using
different programming languages, different
drone movements, sensors, and image
quality settings

1. Cybersecurity training sessions.

2. Network configuration and
troubleshooting.

3. Cooperation on software development.

4. 1T project management simulation.
5.Virtual IT laboratories for
development.

6. Stimulating cloud computing.

7. Planning of virtual IT infrastructure.
8. Learning new technologies.

skill

Journalism

Use of drones for news filming and
investigative journalism

1. Immersive storytelling experience.

2. Virtual newsrooms and joint reporting.

3. Virtual journalism with an overview of the
environment.

4. Virtual reporting from remote locations.
5. Interactive news presentations.

6. Creating documentaries in virtual reality.
7. Stimulating ethical decision-making.

8. Audience engagement and feedback in
virtual reality.

The student’s classes were held during the second academic semester of 2022/2023, in the amount of two classes
using drones and two classes using virtual reality per week for students of each specialty. During the classes,
the Ryze DJI Tello Edu, Sky Viper e1700, and Parrot Mambo fly drone models were used. VR training sessions
were conducted using head-mounted devices in specially designed laboratories in educational institutions. Each
lesson with the use of drones and virtual reality lasted for 1.5 hours for all participants of the pedagogical
experiment. After the completion of the training experiment, students were surveyed to study their perceptions
of the use of drones and virtual reality using a questionnaire developed by [24], which was adapted for this
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study. The questions given to students after the semester are presented in the results. In addition, to assess the
impact of the use of drones and virtual reality, after the experiment, students were interviewed using the author’s
questionnaire, the questions from which are presented in the supplementary materials (Table 3). Students
evaluated certain aspects of the use of drones and virtual reality in the educational process on a Likert scale,
from 1 — disagree to 5 — fully agree.

Table 3. Surveying students on aspects of drone use and VR in the educational process
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Teachers (n=258) from professionally oriented disciplines who participated in the experiment, i.e., used drones
and VR in teaching were also interviewed to assess the effectiveness and certain aspects of using drones and
VR in the educational process. For this purpose, the author’s questionnaire was developed, which is presented
in the supplementary materials (Appendix A). Teachers evaluated some aspects of the use of drones and VR in
the educational process using the Likert scale to understand the further development of the use of these
technologies in education. The mathematical processing of the survey results was carried out using SPSS
Statistics, the presence of a normal distribution of the results and the level of consistency between the scales of
the author’s questionnaire were studied, with the deduction of the Cronbach Alpha coefficient.

Students of other specialties, such as medicine, pharmacology, and pedagogy, did not participate in this study.
Only fourth-year students took part in the study. The study was conducted with generalized ways of using drones
and VR, which can be further refined in in-depth research with students of certain specialties, at different stages
of study, and for different purposes (improving communication skills, gaining practical experience, solving
practical problems, and many others).

4, Results

A pedagogical experiment was conducted during one academic semester to study the effectiveness of using
drones and virtual reality in teaching students of different specialties. After the training experiment, a student
survey was conducted to study student satisfaction with the use of drones and virtual reality in the educational
process. The supplementary materials show the questions for the student survey based on the author’s
questionnaire (Appendix A).

A survey of students shows that students of different specialties have a positive opinion about the use of drones
and virtual reality in the educational process and assess the effectiveness of their use. In particular, a percentage
of students studying geography and ecology had previous experience with drones. Students reported a high level
of comfort with drones and virtual reality and expressed a significant interest (from 3.87 to 4.05 points) in
educational activities using drones. This interest in the use of drones and virtual reality, and the increase in
engagement, shows that they can be used effectively for future educational models. Students also indicated that
they felt a positive impact on their understanding of the educational material using drones and virtual reality.

Students studying engineering and robotics had sufficient experience with drones before the experiment (65.19-
89.93% of students had experience), which creates the preconditions for incorporating best practices in teaching.
Students reported a high level of comfort and skill in flying drones, which facilitates the use of in-depth study
on the use of drones and virtual reality. Students reported a high level of enthusiasm for learning with drones,
which contributes to the effectiveness of using them as innovative tools to solve educational problems. The
perceived impact on understanding (ranging from 375 to 4.21) indicates that drones can be integrated to improve
understanding of concepts in engineering and robotics.

Future professionals in the field of architecture and urban planning positively assessed the comfort and skill of
using drones and virtual reality in the training of specialists in this field, and their readiness to use these
technologies in education. Students also report a high level of interest and engagement in educational activities.
The survey of students studying agriculture and agronomy, IT specialists, and future journalists shows similar
results, with students having some unprofessional experience of flying drones and using virtual reality before
the experiment, which explains their interest in using such technologies in the educational process. Students
reported a sufficient level of comfort with flying drones and using virtual reality in the educational process,
which can be explained by the detailed selection of tools for using these technologies in classrooms by teaching
staff, and ultimately by the influence of curiosity and leveling of various possible discomforts due to students’
interest and motivation to learn how to use innovative tools in education. Students also noted the perceived
positive impact on their understanding of the subject matter, as the use of virtual reality allows them to
“immerse” themselves in a particular activity, rather than just studying theoretically about certain phenomena
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in education. Similarly, the use of drones, in addition to providing an immersive learning experience, allows for
a detailed study of certain phenomena.

As can be seen from the results of the student survey, students positively assess their comfort and interest in
conducting classes using drones and virtual reality in the learning process, believe that the use of drones
improves communication and teamwork skills in the learning environment and the use of theoretical knowledge
in practical scenarios. Also, according to statistical calculations, there is no significant difference between the
scores of students studying in different specialties. A survey of students on the adoption of technology in the
educational process after using drones and virtual reality shows the following (Table 4).

Table 4. Student survey on technology acceptance after using drones and VR [24]

Sub—scal_es Geography, Enginee_ring, A_rchite_ctqre, Agriculture IT Journalism Cronbach
and questions ecology robotics city building Alpha
E:;fcjl'x:g 3.94+0.61  3.9+0.45 386054  4.074045 3.874#0.44  4.01+0.45
PU-1 3.98+0.12  3.99+0.67 3.6720.35  3.79:0.34  3.69£0.65 4.12+0.38
PU-2 3.68£0.29  4.02+0.45 3.78+0.65  4.56+0.36  4.04+054 3.94+0.76 0899
PU-3 403049  379+065  3.98+0.38 397045  3.98+0.65  4.11+0.65
PU-4 4.07+0.56  3.7820.72 4012026  3.97+0.45 3.78+0.37  3.88+0.56
Zﬂ;‘i:gﬁg 3.98+054  4.03+0.45 3914098  3.9240.36 4046  3.96+0.77
PS-1 41120.34  3.890.38 3.97+056  4.03:0.48  4.03+0.37  3.98+0.56
PS-2 3974045  421+045  378:0.53  3.60+0.65 3.97+0.56  4.1:0.34 0.798
PS-3 3.95+056  4.04+0.33 3.98+0.45  3.89+055  4.02+0.48  3.98+0.76
PS-4 394043  398+054  3.89+043  4.05:0.35 3.98+0.36  3.78+0.56
Self-efficiency 3.97+0.45  3.81+0.47 3924076  3.99+0.27  3.92+4055  4.10.33
SE-1 3984030 3781065 3884034 4113046 398:030 4245034 .
SE-2 4.03+0.55  3.95+054  4.09+0.45  3.87+057 3.75:0.61  3.98+0.65
SE-3 3.89+0.47  3.69+0.43 378+0.38  3.98+0.39  4.02+045  4.08+0.55
SZE;?Z'C‘{fgn 411+0.56  3.88+0.66 3.92+0.34  3.98:0.46 3.94+0.66  3.95:0.43
PS-1 3774054  3.69+0.46 3.97+055  3.88:057 3.89+0.34  4.09+0.45
PS-2 476£0.65  4.0620.38 4024023  3.98+0.48 3.95+0.66 3.78+0.39 0887
PS-3 3.87+0.39  3.99+0.76 3782044 4012066 4.02+054  3.95:0.76
PS-4 405+0.44  379+035  3.89+0.38  4.05+0.47  3.88+0.65  3.98+0.64
E’%‘éf'xzﬁ 3.84+0.65  3.95+0.35 3.95+0.61  3.96+0.37  3.96+059  4.04+0.56
PCR-1 3.69+054 4024054  3.79+045  3.98+0.45  3.89+0.62 3.95:0.39  0-865
PCR-2 3.98+0.45  3.87+0.66 4114035  4.01#0.44  4.0240.64  4.12+0.37
Personal
'”L:‘S‘;xg“nf\‘/v'“ 3.92+0.44  4.02+0.45 3.93+056  3.98+0.88  4.02+055  3.9820.55
technologies
PINT-1 3.98+0.34  3.98+0.36 3.98+0.54  3.79+0.37 3.98+058 3.98:0.88  0.855
PINT-2 3.69+0.76 4124034  3.69+045 4024046  4.04+0.39  3.89+0.65
PINT-3 4114045  4.04+0.55  4.15+0.39 4124036 4124036  4.07+0.49
PINT-4 3.9+053  3.93+0.43 3.89+0.33 3984055 3.95+055  3.98+0.65
Beihn"’;‘é'n‘;ra' 4.04+0.34  4.05:0.39 4.1+0.37 3.88+0.54  3.87+0.37  3.87+0.44
BI-1 406+0.62  432:064 4124037  3.98+0.77 3.79:0.65 3.97:059  (70g
BI-2 3.98+0.37  3.95+055  4.11+0.34  3.89+0.67 3.98+t0.46  3.85:0.38
BI-3 4.09+0.56  3.89+0.67 4.06+0.45  3.78+0.47  3.84+0.77 3.78+0.75

267



SEI Vol. 5, No. 2, December 2023, pp.261-280

The survey conducted on the approval of technologies in the educational process after the pedagogical
experiment shows a high level of perception by students of different specialties, and the absence of statistically
significant differences between the assessment of the perception of technologies by students of different
specialties. The experiment with the use of drones and virtual reality in the educational activities of students of
different specialties showed, firstly, the absence of statistically significant differences between the assessments
of the usefulness, simplicity, and other factors by students of different specialties, and secondly, a positive
perception of the use of drones and virtual reality in the educational process of students of those specialties who
took part in this experiment.

To evaluate the effectiveness of the use of drones and virtual reality in the educational process, an author’s
guestionnaire was developed to survey teachers about their experience of using these tools. The results of the
survey show that teachers are generally positive about the use of drones and VR in the educational process, but
certain aspects of the use of these technologies need to be improved. The results of the survey are presented in
Table 5.

Table 5. The results of a teacher survey on the use of drones and VR in the educational process of students of
different specialties

Geography Engineerin Architecture Agriculture
Subscales and gIneenng. - ong city g ’ IT  Journalism
robotics - agronomy
ecology building
Overall perception 3.9840.43  3.67+0.58 3.87+0.66 3.45+0.75 3.52+0.87 3.37+0.85
Pedagogic influence 3.54+0.56 4.03+0.65 4.05+£0.54 3.76x0.38 3.77x0.57 3.65+0.55

Drone and VR use efficiency in

. . . 3.77£0.45 4.07+0.46 4.02+0.64 3.78+0.56 4.05+0.67 4.02+0.55
teaching a particular specialty

Opportunities to improve the

perception of educational 3.55+0.78  3.47+0.67 3.65+0.88 3.82+0.54 3.59+0.56 3.89+0.47
material using VR and drones

Professional development 3.78£0.46  3.67+0.55 3.76£0.65 3.76£0.39 3.75+0.48 3.29+0.48
Drone integration challenges in

. 3.87+0.76  3.85+0.76 3.67+0.93 3.77+0.85 3.96+0.65 3.67+0.56
education

Engaging and interacting with

3.97+0.85 3.67+0.76 3.67+0.85 3.72+0.47 3.88+0.58 3.76+0.66
students

Specific considerations for the
use of drones and VR in the
educational process of certain
specialties

2.98+0.76  2.98+0.87 2.88+0.76 2.67+0.98 3.08+0.67 3.12+0.65

Updating and improving the use
of drone and VR technologies 2.56+0.77 2.63%0.86 2.37£0.73 2.47+0.87 2.78+0.36 2.56+0.67
in the educational process

Overcoming the challenges of
using drones and VR in 2.98+0.43 3.02+0.56 2.77+0.45 2.39+0.76 2.391£0.56 2.76+0.47
education

The results of the survey show that teachers positively assess such aspects of the use of drones and VR in
education as general perception, pedagogical impact, effectiveness of use in the study of a particular specialty,
opportunities to improve the perception of educational material using VR and drones, qualitative impact on
professional development, level of engagement and interaction with students. At the same time, teachers rated
below the specific considerations for using drones and VR in the educational process of certain specialties,
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updating, and improving the use of drone and virtual reality technologies in the educational process, and
overcoming challenges in using drones and VR in teaching. This indicates the need to improve approaches to
learning material using drones and VR, a higher level of teacher training, and better assimilation of learning
material using technology.

Given the possibilities of using drones and virtual reality in the educational process in the post-epidemic era, it
can be stated that educational models are significantly transforming. Educational models are aimed at moving
from passive learning to active learning, when students do not just passively receive the information, they are
given, but critically evaluate it and draw certain conclusions. Educational models are becoming more resilient
to possible disruptions in the learning process, and with certain support, students can study the material in
different ways and at different times. The possibilities of individualized learning paths for students of different
specialties are increasing. The ability of virtual reality to create an environment as close as possible to real
working conditions, and of drones to observe certain phenomena in real time, improves the ability to gain real-
world experience. Teachers also highly appreciated the potential of using drones and VR to teach
interdisciplinary skills and to help students acquire versatile skills, communication, and collaboration. The
creation of virtual platforms greatly improves the ability to collaborate. Students can work together on projects
in a virtual space, overcoming the obstacles of physical presence at certain facilities.

Based on the results of a survey of teachers, drones and VR have been shown to enable adaptive learning,
meaning that students can understand the subject matter of their studies much more deeply, predict different
ways of solving problems, consider the problem from different angles, conduct in-depth research, and identify
interdisciplinary connections between the problem and ways to solve it.

5. Discussion

The educational process after the pandemic is characterized by a much more frequent use of digital technologies
in education, which are constantly evolving and supplemented [25] education, as the use of digital tools provides
wide access to student learning, provided that they are accessible [26], [27]. Digital transformation requires
large-scale changes, a common vision of the participants in the educational process, and work on the
effectiveness of the use of digital technologies in the educational process [28], [29], [30]. Further research is
needed to better understand the impact of virtual reality technologies and the use of drones, including the study
of the impact on the psychological and pedagogical aspects of the learning process.

The use of drones in the educational process allows for high-quality aerial photography, while virtual reality
training sessions allow for realistic images of various objects [7], [31], [32]. These technologies can optimize
the learning process in various fields and increase students’ digital literacy so that they learn not only to perceive
but also to create, critically reflect, and analyze information [33], [34]. These skills are powerful abilities for
future professionals in various fields. At the same time, the use of such technologies in the education of future
specialists in various fields requires a detailed study of their impact on the learning process and research into
various aspects of efficiency. The rational and effective use of VR requires a significant change in curricula and
training programs at the national level, and at this stage, such implementation is taking place at the level of
experiments by interested scientists or educational institutions [23], [35], [36], [37]. It is important to study the
requirements for the need to expand the infrastructure for the effective use of drones and virtual reality in the
educational process in various fields of study, as the use of technology can vary dramatically depending on the
specialty studied by students [38], [39], [40]. Further discussions and research are needed on the duration of the
use of VR and drones in student education to prevent possible misuse of technology and ensure sufficient
efficiency of technology use.

The development of drone technology is leading to the use of drones in various fields, including education [2],
[41], [42], [43]. However, this necessitates training to ensure quality use and to consider the learning and
perception of children of different ages. The introduction and use of virtual reality in the educational process is
also increasing [44], but further research is needed on the effectiveness of certain teaching methods using virtual
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reality for students of different specialties. At the same time, it is necessary to consider students’ abilities to fly
drones, as the results of the study [45], [46], [47] show that students’ skills and abilities in flying drones are not
uniform. To address this issue, [48] and [49] proposed an approach to teaching drone use using virtual reality.
In the study, most students had experience with using drones, and they were fourth-year students, so before the
experiment, students were able to fly the drone to meet the conditions of the experiment. For the effective use
of drones and VR in different countries and educational institutions of different types, it is necessary to take
into account previous experience and the availability of training in drone flying and VR, as [28], and [50]
investigated the effectiveness of using VR to teach drone flying in primary school, which is a predictor of a high
level of skills in using these technologies, while in other countries or educational institutions, such classes may
not have been implemented due to various factors [51], [52]. Therefore, further research and experimental
programs should address the factor of students’ readiness to use drones for learning, as the level of students’
skills may vary significantly.

The Technology acceptance model, which is the most widely used and valid model for predicting and adopting
various technologies in the educational process, was used to survey the acceptance of technologies for the
educational process [53], [54], [55], [56]. The results obtained indicate a high level of acceptance of
technologies for use in the educational process, and adaptability to the use of technologies, which practically
indicates readiness for effective use in education. According to [11], [57] immersive learning experiences have
been found to lead to favorable outcomes and motivation compared to traditional learning experiences. The
results of the study confirm that the use of VR and drones has a positive impact on student engagement in
classrooms. [58], [59], [60] also found that the use of virtual reality technology can help optimize student
learning, allowing students to access various visual and audio cues, which can increase interest in academic
subjects. [61] and [62] found that the use of drones in education helps to increase student engagement and
develop critical thinking, coding skills, and analysis of various information. For the effective use of IT
technologies, it is necessary to implement an effective infrastructure of applications used in education [63], [64],
[65], [66], [67].

The study complements the findings of [61] and [28] that the use of drones in education allows effective the
development of critical thinking skills, engages students in the learning process, and improves spatial
visualization skills and sequence of actions. According to [68], [69], [70], the use of drones in education is
effective for students of different specialties, but for the specifics of each, it is necessary to develop certain plans
for their use in the educational process. Many experts have studied the impact of drones and virtual reality on
the educational process, and most of them positively assess this impact in special schools [5], and other
educational institutions of various levels [71], [72].

This study presents the results of the impact of the use of drones and virtual reality on the learning process of
students of certain specialties and the positive assessment of students regarding the use of these technologies in
their educational process. Further research can be aimed at developing longer-term programs for the use of
drones and virtual reality in the educational process of students from the first year of study and for students of
different specialties. Earlier studies on the value of virtual reality learning environments show an increase in the
number of learning environments that use virtual reality specifically for certain specialties such as agronomy
and agriculture, geography, and ecology [73], [74], [75], [76], [77]. This study has revealed the effectiveness of
VR and drones in the fields of IT technology, architecture and urban planning, engineering, robotics, and
journalism. The same results on the positive impact of using VR and drones in education were obtained in the
study by [78], [79], [80]. In addition, different possibilities of using drones and VR in education contribute to
the development of a fairly wide range of skills, in addition to the overall effectiveness of developing
professionally important skills, and the development of intercultural communication [20] in comparison to the
specifics of activities in different countries (for example, urban planning, ecology) [81], [82].

The survey of teachers revealed a generally positive attitude to the impact and effectiveness of teaching with
the use of VR and drones, but a desire to improve the methodology of use, develop infrastructure, and increase
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their level of preparedness to use VR and drones in the educational process. It is also important to involve other
participants in the educational process in evaluating the use of VR and drones and to conduct further, long-term
observations of the impact of these technologies on students’ learning.

6. Conclusions

The integration of virtual reality and drones into the educational process of students has a positive effect, despite
the types of specialties, students equally appreciated their effectiveness in their studies. The use of virtual reality
allows for a deeper understanding of complex concepts in the topics studied by students, thanks to the ability to
view certain phenomena from different perspectives, creating conditions as close to real life as possible, which
allows for a deeper understanding of certain nuances of the educational material. All of this makes the learning
process interesting and engaging for students, allows them to develop various skills and abilities, and learn more
about the essence of their future work. In the post-epidemic era, these skills are becoming increasingly important
for future professionals and are therefore essential for their professionalism. It also contributes to the
development of digital literacy and the ability to use various technologies for future professional activities. The
results of this study demonstrate the versatility of using drones and VR in student education. Improving the
experience of observing certain phenomena, designing architectural projects, and numerous other benefits
contribute to the efficiency of gaining practical experience by students and other important skills for future
professional activities. The student survey shows a positive attitude of students towards the use of drones in
education and a high assessment of the actual effectiveness of the use of drones and VR in education. The survey
of teachers shows a similar attitude, but at the same time, they also wish to improve the methodological
framework, technological support, and other aspects.

The obtained results demonstrate the universality of the use of drones and VR in the educational process of
students of different specialties. To assess the effectiveness of various aspects of the use of drones and VR in
education, questionnaires for students and teachers have been developed, and the survey confirms their validity.
These questionnaires can be further adapted to a survey for an in-depth analysis of the use of VR and drones in
the teaching of students of different specialties, with a longer time of use of these technologies in the educational
process, and in the teaching of students of other specialties. Thus, the transition from traditional to digital
educational models using drones and VR significantly improves the acquisition of practical skills by students,
which is insufficient in distance learning and other forms of electronic communication. Future research could
focus on an in-depth study of educational strategies using drones and virtual reality, comparative analysis, and
the impact of using drones and VR on the interaction between teachers and students.
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Appendix A

Questionnaire for the survey of teachers on the use of VR and drones in the educational process of
students of various specialties (1 — strongly disagree, 5 — fully agree)

Subscales and questions

Answers
1 2 3 4 5

Overall perception

Integrating drones and virtual reality enhances the overall educational experience

The use of drones and VR has a positive impact on student engagement in the learning
process

Pedagogic influence

The use of drones and VR contributes to more active learning for students who use it

The use of drones and VR contributes to a better understanding of theoretical concepts
and educational material in general

Specifics of using drones and VR in the study of certain specialties

The use of drones and VR in my field has a positive impact on student learning

The use of drones and VR improves visuospatial learning and understanding,
especially in subjects that require an understanding of certain phenomena

Challenges and opportunities

The use of drones and VR poses certain challenges in terms of technological
infrastructure and resources

Despite these challenges, the use of drones and VR still prevails over these difficulties

Professional development

I received sufficient training and professional development opportunities to effectively
integrate drones and VR into my teaching methods

| feel sufficiently prepared to use drones and VR in the classroom

Professional development and training opportunities on the use of drones and VR in
education fit with my teaching and learning schedule

It is easier for me to teach a subject using drones and VR

There is sufficient support for continuous improvement of knowledge on the use of
roles and VR in the learning process
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Answers

Subscales and questions 1 2 3 4 5

Overall perception

I like to share my experience of using drones and VR, and collaborative problem
solving with colleagues

Drone integration challenges in education

The availability of technological infrastructure (drones and headsets for VR use) in
our educational institution is sufficient

Teachers have easy access to training programs to effectively incorporate drones and
VR into their teaching methods

The use of drones and VR encourages joint initiatives and interdisciplinary projects,
cooperation among teachers

The use of drones and VR has had a positive impact on students’ adaptability to the
use of technology in the primary process

Engaging and interacting with students

Students show greater enthusiasm and participation in classes that use virtual reality
and drones

The use of drones and virtual reality leads to a noticeable improvement in student
retention

Students are relatively better able to navigate the learning material when using VR and
drones

The use of VR and drones has a positive impact on students’ critical thinking and
problem-solving skills

Specific considerations for the use of drones in the educational process of certain specialties

In my subject area, the use of drones and VR aligns well with the curriculum and
learning objectives

Drones and VR have proven to be effective tools for practical application in your
subject area

Using drones and VR has a positive impact on understanding complex concepts in
your subject area

The use of drones and VR has a positive impact on the development of
interdisciplinary knowledge among students

Updating and improving the use of drone and virtual reality technologies in education

279




SEI Vol. 5, No. 2, December 2023, pp.261-280

Answers

Subscales and questions 1 2 3 4 5

Overall perception

| am adequately trained to deal with the challenges of using drones and virtual reality
in education

Limitations in maintaining and updating technology hinder the effective use of drones
and UAVs

Limitations in maintaining and updating technology hinder the effective use of drones
and virtual reality

Overcoming the challenges of using drones and VR in education

The university takes care of the ongoing professional development of teachers in the
use of various technologies, including VR and drones

The higher education institution supports funding for the use of drones and VR,
including the cost of training for teachers

Curricula for students are constantly updated to include additional technological tools,
including drones and VR
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