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The latest techniques and technologies significantly improve the academic performance, engagement, and motivation of students. VR and AR open up numerous opportunities for the educational system. The purpose is to evaluate the effectiveness of using immersive technologies as a tool to increase the level of academic success, involvement, and motivation among students. The research involved a total number of 180 students in two higher educational institutions. This study presupposed using a previously elaborated program for further use in the experimental group. This program was introduced into the study program within the participating universities. The study included three tests to collect the data under the Motivation and Engagement Scale, as well as European Credit Transfer and Accumulation System. The experimental group provided positive indicators during statistical data analysis; thus, it demonstrates the effectiveness of the studied methods. Although the engagement and motivation of students from the experimental group increased, there were no differences in academic achievements between the groups. Therefore, it cannot be argued that immersive technologies have a direct impact on grades, which are the main indicator of success in learning. The new experimental data obtained in this study and the analysis of previous modern experimental studies allowed us to draw relevant conclusions about the expediency and high efficiency of immersive education technologies for teaching university students.
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1. Introduction

Computer multimedia environments are interactive systems or software that combine various media elements, such as text, image, sound, and video, to create a multimedia experience for users (Mutlu-Bayraktar et al., 2019). Immersive technologies are computer systems or devices that allow users to fully immerse themselves in a virtual or augmented environment. These technologies contribute to an immersive experience. The latter implies that users feel like they are in a different world or environment (Stanney et al., 2020).

Immersive technology is an umbrella term for technologies that blur the line between the physical and digital worlds. It refers to technology that enables users to interact, thereby creating a certain immersion. These technologies include augmented (AR), virtual (VR), and mixed (MR) realities. AR and VR are the most used types of these technologies (Emmelkamp and Meyerbröker, 2021).

Extreme professions are jobs or occupations associated with a high level of risk, physical and psychological challenges, or problem-solving in dangerous conditions (Gad et al., 2022; Le Roy et al., 2023). Complex systems are systems consisting of numerous interconnected elements or components that exhibit collective certain behavior or properties. The latter cannot be explained or provided by understanding the individual components (Proctor and Van Zandt, 2018).

AR technologies allow users to acquire skills based on experience, minimizing costs and risks (Zhao et al., 2019). It is generally recognized that immersive technologies enable users to conduct tasks that cannot be performed in physical reality (Nussipova et al., 2019). In particular, animal testing or patient rights usually encounter questions of ethical issues in the field of biology, medical research, and education. It demonstrates that conventional education, in these situations, can be morally questionable.

Immersive technologies, such as virtual reality (VR) and augmented reality (AR), are increasingly used in higher education in Russia and Kazakhstan. For example, the National Research Nuclear University MEPhI in Russia uses VR to teach students about nuclear safety. Students use VR headsets to simulate a nuclear power plant, where they can learn about various safety procedures and emergency response methods (Abdraimova et al., 2020).

Nevertheless, these countries have to deal with some problems and challenges related to the introduction of immersive technologies in higher education. The primary challenge is the financial costs of purchasing and maintaining the necessary hardware and software. Most higher education institutions have a limited budget, which can limit access to immersive technologies (Blyth, 2018). The training of teachers and personnel to effectively use immersive technologies is another problem. It is crucial to train teaching staff to use the technologies in the educational process and create appropriate educational materials. In this case, it will be possible to implement these technologies more successfully (Suleimenov and Tasbulatova, 2018).

In addition, immersive technologies in higher education foster active and engaging learning of students. These technologies help visualize complex concepts, create interactive simulations, and allow students to master practical skills in a controlled environment (Karakozov et al., 2020).

Immersive technologies, such as virtual reality (VR) and augmented reality (AR), have gained even more interest after the coronavirus pandemic. The pandemic crisis has led to a significant transformation in the field of learning and development (Darawsheh et al., 2023). At the same time, immersive technologies have proved to be useful tools for ensuring the continuity of learning and improving the quality of education (Rutledge et al., 2020).

The rapid progress of digital technologies opens up new opportunities for using AR tools in educational contexts (Dick, 2021). Immersive learning tools have obvious potential and educational benefits (Nussipova et al., 2019). Nevertheless, there are several unresolved problems associated with these tools. Firstly, the impact of this technology on mental and physical health, as well as user safety issues, receives insufficient scientific attention (Dick, 2021). Since AR tools are still a relatively new and rapidly evolving technology, the evidence base of the immersive technology benefits is incomplete. In particular, the information on the impact of AR tools on improving learning outcomes among students is limited. Consequently, this issue necessitates further research to understand the features of this training mode. That is why we assume that the use of immersive technologies for higher education institutions in Russia and Kazakhstan can significantly improve the learning process and the individual elements of its success.



2. Literature review

Multimedia modeling is the process of creating or developing models for the analysis, design, synthesis, or reproduction of multimedia systems and content (Kumari et al., 2018). Dynamic visualization is the process of creating or reproducing visual representations of data or concepts that gradually change. It shows the progress, development, or changes occurring in the data or system over time (Beck et al., 2017) nowadays, everyone can use AR due to the transformation and accessibility of modern technologies (Kornilov, 2019). In these terms, multimedia modeling and dynamic visualization are quite popular (Reinke et al., 2021).

Researchers have studied the effectiveness and potential of training based on AR technologies in various fields (Nussipova et al., 2019; Dick, 2021). And educational institutions have introduced immersive learning into their study programs. These include, the preparation of specialists in the armed forces and aviation (Slater and Sanchez-Vives, 2016), medicine (Thompson et al., 2020), architecture (Sopher et al., 2019), design and engineering (Drigas et al., 2022), programming and mathematics (Di Cecca et al., 2016) and within courses on the construction safety and its maintenance (Li et al., 2018) presupposes using virtual reality (VR) training programs. The following facilities demonstrate the best examples of immersive technologies implementation in the learning systems (in this case, we mean relevant examples of the effectiveness of certain immersive technologies based on the analyzed articles):

– The AR/VR studio in Harvard Innovation Labs (Nussipova et al., 2019),

– The Colorado State University VR lab, which is designed to improve the quality of education and improve the professional skills among students of technical and humanities fields through immersive simulations,

– Courses based on immersive learning and the XR laboratory of The University of Michigan (Dick, 2021),

– The Smithsonian Institution, which offers a repository of three-dimensional models with open access, allows users to explore items from the collections of the Smithsonian Museums in their physical environment through immersive technologies (Dick, 2021),

– The Department of Journalism, Center for Emerging Media Design and Development, Ball State University, Muncie, Indiana,

– The Department of Media and Information, Faculty of Communications, Michigan State University, East Lansing, Michigan,

– Clinical and Translational Science Institute, University of Rochester, Rochester, New York (Huang et al., 2019).

Tchaikovsky and Izotova (2020) also note the possibility to expand inclusive education through immersive learning technology. Beyond their ability to improve standard learning systems, VR tools can significantly contribute to integrating students with disabilities into the learning process and professional activities.

Some researchers identify several unique VR capabilities, such as immersion in the simulated environment, multimodal interaction, concretization of imagination, embodiment, and empathy (Pellas et al., 2021). VR increases empathy. It provides grounds for the embodied presence of the users (Pellas et al., 2021). Studying the impact of virtual and AR technologies on education, some researchers (Qushem et al., 2021) have revealed various benefits related to knowledge acquisition, commitment, motivation, and academic performance. This alternative educational approach has an additional value due to the high accuracy of the representation of three-dimensional virtual objects and the opportunity offered to students to model the operations and procedures of abstract concepts (Christopoulos et al., 2018; Qushem et al., 2021).

Immersive experience improves the memorization of complex or abstract topics based on intangible concepts (Dick, 2021). Such an experience increases motivation and engagement improvement, as well as obtaining emotional satisfaction (Morimoto and Ponton, 2021).

The involvement of students in educational activities is the most important requirement for effective student learning (Khan et al., 2017). AR/VR technologies also offer promising tools for student engagement, both offline and online (Dick, 2021). Some researchers emphasize that interaction with three-dimensional visualization causes positive emotional experiences that lead to improved learning outcomes and increased level of motivation (Reinke et al., 2021). Such emotional events can lead to better memorization (Parong and Mayer, 2018; Reinke et al., 2021), and positive emotional experiences usually result in improved academic performance. Furthermore, positive emotions resulting from using AR can strengthen the internal motivation to learn.

Educational immersive tools have a huge potential for training students of different ages and specialties (Huang et al., 2019; Dick, 2021). One of the previous studies analyzed the percentage distribution of educational AR/VR research by fields of education presented by Malaysian Online Journal of Educational Technology 2018 (Volume 6 – Issue 2) (Sirakaya and Alsancak Sirakaya, 2018). Accordingly, biology (19.8%) has the highest ranking, and its scientific topics include many specific concepts (Liou and Chang, 2018; Sirakaya and Alsancak Sirakaya, 2018). Engineering (12.8%) and medical education (11.6%) are other popular areas of research (Sirakaya and Alsancak Sirakaya, 2018). Three-dimensional technologies can contribute to developing visual and spatial literacy, as well as promoting creative thinking among biology students (Acuña and Melón, 2022). For example, students who studied with the practical use of AR/VR demonstrated higher results compared to students under the conventional program. Consequently, those students received immersive experience of specific biological processes, such as spatial orientation, vision formation in animals, the digestive process, and anatomical structure (Liou and Chang, 2018). Immersive experience offered by VR applications contributes to higher engagement and better learning outcomes among students (Makransky and Petersen, 2019; Morimoto and Ponton, 2021).

Some researchers indicate that immersive technologies can improve the learning environment and enlarge educational systems (Dick, 2021). Immersive technologies serve as valuable tools for expanding the training appliances. Furthermore, virtual learning allows teachers to sharpen their skills through teaching simulated virtual students (Abdallah and Musah, 2021).

Moreover, immersive technologies allow users to study in any learning mode and interact with teachers and colleagues in real-time using common virtual elements. Accordingly, students, teachers, and specialists in various fields express increased enthusiasm for using AR technologies as educational tools within their training (Dick, 2021).

Many researchers confirm that immersive technologies have great potential to support learning and teaching (Emmelkamp and Meyerbröker, 2021). Nevertheless, technological, pedagogical, and educational issues still require further study (Schaffernak et al., 2020).

The following issues are among the most significant ones related to AR development (Sirakaya and Alsancak Sirakaya, 2018). Firstly, teachers experience a lack of sufficient information for preparing AR materials. Secondly, compared to conventional lessons, AR/VR-enabled lessons require more time for preparation (Acuña and Melón, 2022). Consequently, it is crucial to train teachers who can provide an immersive educational experience, successfully integrating this technology as a standard environment (Ijaz et al., 2017).

In addition, despite the many advantages of this learning mode and the positive results of education through AR, higher education institutions have moderately been introducing this way of training into the study programs. Most of the immersive technology interventions described in previous studies are limited to professional development, such as process modeling or narrow-profile training. Consequently, most researchers overlook this issue in the context of educational programs in higher educational institutions (Pellas et al., 2021). Thus, it requires additional research which should focus on promoting AR training.


2.1. Importance of research

The main motivation for conducting this study lies in the desire to obtain new experimental data on the impact of immersive technologies and relevant applications on training specialists in various fields. In particular, it regards training specialists in complex industries and extreme situations. Moreover, such a learning mode presupposes intensifying the immersion into the simulated environment. The present research has practical significance as it demonstrates the effectiveness of introducing immersive technologies into study programs within higher educational institutions. The scientific value of the present study lies in outlining the key concepts of “immersive technologies” and “virtual reality,” as well as describing their features within training specialists in various fields.



2.2. Setting goals

The purpose of this research is to study and describe the existing immersive technologies, theoretically substantiate their use, and experimentally evaluate the situation with their implementation in study programs within higher educational institutions. The objectives of the present research are to:

1.Study and describe the existing educational immersive technologies,

2.Identify the level of professional competence (academic performance, involvement, and motivation for studying among students) by monitoring and assessing two groups: the control group (students who received training under the conventional program) and the experimental group (students who studied through immersive technologies),

3.Conduct a comparative analysis of the level of professional competence in both groups by analyzing the dynamics of indicators before and after the implementation of the modified course program based on immersive educational technologies.




3. Methods and materials


3.1. Participants (sample)

Students from the following higher educational institutions participated in this study: Sechenov University and Silkway International University. The choice of these universities was because they were among the most outstanding and innovative in their countries. The study involved first-, second-, and third-year students. All subjects were selected through a questionnaire, where they indicated whether they were ready to participate in the research and whether they would like to study in an experimental group. The questionnaire contained questions related to consent to data processing; that is, the expected sample size was maximum, given the number of students with the required majors. Despite that, these students demonstrated high proficiency in using modern technologies. Thus, it significantly contributed to the present research (Atanga et al., 2020). The study involved 180 students divided into two groups based on the training approach. Each group comprised 90 students. All respondents were students of 1st to 3rd year who were majoring in Psychology and Biology. In the experimental group, the average age was 21.8 years (SD = 13); in the control group, it was 21.6 (SD = 9). They were chosen and assigned to groups randomly (Table 1).



TABLE 1 Distribution of respondents by age (%) and year of study (%).
[image: Table1]

Based on the total number of medical students from these universities, the permissible sampling error does not exceed p = 4.53. Thus, the sample is sufficiently representative for the study.



3.2. Research design

The study included three stages: preparatory, practical, and summarizing The first stage evaluated the study participants regarding their professional competence (academic success, involvement, and motivation). At this stage, the researchers determined the experiment strategy and formed the groups. It is important to note that the control group studied under the conventional program, while the experimental group received training under the modified program using immersive technologies.

The first stage assessed the academic success of students. Accordingly, students were evaluated regarding their academic performance in Biology and Vocational pedagogy. It was significant to identify the level of their professional knowledge and skills.

Both groups were also tested with the Motivation and Engagement Scale (MES) test to identify their level of motivation and involvement (Liem and Martin, 2012). The authors of MES offer several approaches for conducting the test. It was relevant to use Option 3 in the present study, which presupposes testing university students.

The second stage entailed introducing immersive technologies into the biology course for an experimental group. The implementation of immersive technologies presupposed using AR tools within Biology and Vocational Pedagogy training during one academic semester. The course program complied with the conventional program of the selected disciplines at the university for third-year students. Consequently, the research lasted six months, with a total complexity of 2 academic hours per week, a total of 18 lessons.

The present study necessitated external support for the effective implementation of immersive technologies into study programs. Accordingly, two Kazan companies GD Forge and Zarnitsa-Innovations provided their support. These companies work with creating VR and AR technologies. GD Forge develops and creates programs and games using VR and AR. They helped with the introduction of relevant programs within training in the following disciplines: Biology, Preschool Education, Primary Education, and Russian Language. Zarnitsa-Innovations is a company that trains specialists using VR and AR technologies in mathematics. Students who participated in the study installed special applications (programs available for installation and use without additional devices) on their mobile phones that allowed them to work with AR technology at home. GD Forge and Zarnitsa-Innovations also provided additional devices needed for immediate use.

The external support of two Kazan companies, GD Forge and Zarnitsa-Innovations, was important for the effective implementation of immersive technologies in educational programs. These companies specialize in the development and use of virtual and augmented reality (VR and AR). GD Forge focuses on creating programs and games using VR and AR. They facilitated the introduction of relevant programs in such academic disciplines as Biology, Preschool Education, Primary Education, and the Russian language. Zarnitsa-Innovations trains specialists in mathematics using VR and AR technologies. The study participants installed special applications on their mobile phones. The applications allowed them to work with AR technology at home. In addition, the companies provided additional devices necessary for the immediate use of technology.

At the end of the experimental period, students were assessed regarding their level of involvement and motivation using the MES test. The results were compared with their academic performance. The data obtained under the study and their further analysis contributed to forming corresponding conclusions. Finally, the third stage presupposed analyzing and generalizing the results of experimental data and reaching theoretical and practical conclusions. The study was conducted from October 2022 to February 2023. The survey took place online via Google Forms.



3.3. Instruments

Students underwent the evaluation of their academic success according to their semester grades. The evaluation procedure presupposed the use of the ECTS (European Credit Transfer and Accumulation System) Scale system. Accordingly, students who got A had excellent results, B – good, C – average, D – satisfactory, E – sufficient, FX – unsatisfactory, and F – fail.

Both groups were also tested with the MES test to collect data on the level of motivation and involvement among students under study (Liem and Martin, 2012).

The MES package includes a motivation and engagement Profile Sheet for each user (provided in PDF format), and an online data collection and scoring service (“Norming”) function. Students spent 60 min taking the MES test.

Student Profile Sheet, after processing, provides an estimation for each of the motivation factors from A to D. Scoring Service presupposes estimating the selected criteria by a 100-point scale where 100 indicates a high coefficient of motivation and engagement. Accordingly, students with scores of 100–66 got an A (high), 65–35 was a B (average), and less than 35 was a D (low). This online service provides processed data of individual results of respondents together with mean indicators (M) of group results in a single file.



3.4. Data analysis

The objectives of the present study presupposed assessing the academic performance of students and their level of involvement, motivation, and memorization. The data obtained during the experiment were subjected to statistical processing using the following computer programs: Microsoft Excel spreadsheets and an online calculator.1 This study also necessitated conducting a comparative descriptive analysis. The quantitative analysis presupposed using the Student’s t-test for independent samples. Reliability for experimental data is given at p < 0.05 (95%). The used tools made it possible to obtain accurate results and reasonable conclusions.



3.5. Research limitations

Several previous studies on the practical implementation of immersive technologies into education and vocational training indicate that respondents experienced health and safety problems, as well as physical and visual discomfort (Cheng, 2022). The regular testing of university students has also become a favorable factor in this context. The time spent on VR and simulation is also important for the safety of users. Therefore, the present research considered this factor within the practical part of the study.



3.6. Ethics approval

The research was conducted ethically in accordance with the World Medical Association Declaration of Helsinki. The research was approved by the local ethics committees of I.M. Sechenov First Moscow State Medical University (Protocol no. 638 dated 02/02/2022). Informed consent was signed by participants.




4. Results

The methods used at the organizational and preparatory stage of the present study allowed identifying the level of involvement and motivation, comparing the results of academic success and memorization among study participants of both groups. Since the first stage obtained and processed the test and academic performance results, it was possible to draw relevant conclusions. Consequently, it is important to mention that students received no E (sufficient), FX (unsatisfactory), and F (fail) grades, so the statistical summaries of the study do not reflect these indicators. The present study used the ECTS/MES Scale system, where A corresponds to a high level, B is average, C is sufficient, and D is low. Accordingly, Table 2 displays the academic performance of study participants in both groups before the experiment.



TABLE 2 Comparison of academic performance before the intervention in both groups.
[image: Table2]

After the intervention, students in both groups underwent an assessment of their academic performance in the selected course of Biology. Table 3 shows the results of the effectiveness of immersive technologies in this context.



TABLE 3 Comparison of academic performance after the intervention in both groups.
[image: Table3]

According to the data obtained, the final assessment in the experimental group displayed an increase in the indicators of high and medium levels while sufficient and low levels significantly decreased. Moreover, the control group showed similar results. Differences in indicators of students in both groups were insignificant before the intervention. Statistical processing of the data on student assessment determined the level of academic performance of study participants. Quantitative and qualitative processing of average grades contributed to identifying that most students demonstrated sufficient and low results before the intervention. In the experimental group, these indicators amounted to 70%, and 40 and 23 participants (N) formed the indicators ratio of sufficient and low level, respectively. In the control group, these indicators comprised 68.9%, and the ratio of respondents (N) was 41 and 21, respectively (Table 2). The final assessment and its comparison provided the following results. The number of students in the experimental group with high and average academic performance increased by 23.3%, which corresponds to 13.3/40% (N = 12/36). In the control group, the dynamics indicator was +2.2%/+7.8%, and the final result was 13.3/27.8% (N = 12/25). In terms of sufficient and low results of academic success in the experimental group, there is a decline of more than 13.3% compared with the control group (Table 3). Table 4 presents the results of comparing MES (Positive Motivation, Positive Engagement, Negative Motivation, Negative Engagement) in both groups before the intervention.



TABLE 4 Comparison of the MES in both groups before the intervention.
[image: Table4]

Accordingly, Table 5 presents the results of comparing MES indicators (Positive Motivation, Positive Engagement, Negative Motivation, Negative Engagement) in both groups after the intervention. The results demonstrate the effectiveness of using immersive technologies within study programs.



TABLE 5 Comparison of the MES in both groups after the intervention.
[image: Table5]

Furthermore, the mean values of the experimental group students have more significant dynamics, while the control group has less progressive results. The comparative analysis of the obtained data demonstrated that the mean indicator of Positive Motivation among students in the experimental group increased to 68.8 (which corresponds to a high level), and in the control group this indicator increased to 62.7 (which corresponds to the average level). Since the value of p is below 0.05 (p = 0.035), this result has a statistical difference. The mean indicator of Positive Engagement among experimental group students increased to 70.1, and the control group experienced an increase only to 46.2. The value of p is below 0.05 (p = 0.031), so the differences between the indicators are also significant. The mean indicators of Negative Motivation among the study participants equated to 32.4 in the experimental group and 35.1 in the control group. However, the results are statistically insignificant as the value of p is over 0.05 (p = 0.668). The mean indicator of Negative Engagement among students is 30.6 in the experimental group and 36.2 in the control group. This result is also statistically insignificant (p = 0.37) for the study (Table 5).

However, there was a significant improvement in the experimental group compared to the control group in terms of positive motivation and engagement. It raises additional discussions. Although the students showed a positive trend, this result did not lead to an improvement in their grades. This fact questions the real impact of positive motivation and engagement in academic performance. It is also important to consider other possible influential factors, such as personality differences, teaching methods, and the use of immersive technologies, as well as the learning context.

Before the intervention, the respondents in both groups had almost identical results. The statistical differences were not significant (p < 0.05). The analysis and results of the data obtained from both tests led to the next stage of the present study. This stage presupposed identifying the specifics of immersive technologies for teaching and professional training in higher educational institutions.

The results of the study showed an increase in engagement and motivation in the experimental group. Nevertheless, there was no difference in academic achievement between the groups. It follows that the use of immersive technologies does not have a direct impact on academic scores, which are the main focus of educational institutions.

In addition, the authors note that for this study, it was “crucial” to consider well-being, health, and mental contraindications. At the same time, these aspects were not directly investigated. This statement means that there is no direct evidence or conclusions about the impact of immersive technologies on these aspects.

Academic achievements are the main criterion for success in many educational environments. Therefore, given these circumstances, the obtained results fail to confirm the effectiveness of immersion technologies. Additional research directly studying these aspects may be useful for a more objective assessment of the effectiveness of immersive technologies in teaching.



5. Discussion

Immersive technologies are a powerful and promising educational tool due to their unique features and capabilities that distinguish them from other IT applications. The integration of AR tools affects various fields of human activity. Researchers regard the great potential of this technology in terms of training, transforming pedagogical technologies, and creating ambitious integrated learning systems. The immersive approach, which involves using progressive techniques implemented in fundamentally new conditions, has a key role in this context (Kornilov, 2019).

The present research presupposed conducting a control assessment among study participants in both groups regarding their level of involvement and motivation using the MES test and comparing the results of their academic performance. Comparing the assessment results obtained before and after the intervention demonstrated the positive dynamics in the learning environment using immersive technologies. Academic performance and the level of motivation and involvement of students in the control group did not significantly change after the experimental period.

Consequently, the results obtained during the research indicate the effectiveness of using immersive technologies in the field of education. The positive dynamics of mean indicators, a high level of academic performance, involvement, and motivation in studying the selected subject among experimental group students after the intervention demonstrate immersive technologies’ effectiveness. Thus, it is expedient to use immersive technologies in a modern educational environment to increase student training effectiveness by immersion in a multimedia environment. The conclusions of the present research comply with the study results provided by Johnston et al. (2018). The latter describes the results of the immersive learning introduction into the course program in cell biology. In particular, it regards the comparison of the academic performance within the relevant exam. Students who experienced the I-VR scored 5% more on the corresponding exam question (Cell Biology) compared to the rest of the exam questions. Those students who studied under the conventional program and did not experience I-VR scored 35% less on the same question.

The findings are consistent with a study conducted by Johnston et al. (2018) in the field of immersive learning. Their study compared the scores on the Cell Biology exam between students who used immersive virtual reality (I-VR) and those who completed a regular curriculum. According to the results, the I-VR students demonstrated a significant improvement.

Furthermore, some researchers conducted a study that lasted for several years (Ijaz et al., 2017). It was a pilot project initiated by the University of Sydney regarding the use of immersive VR technology in undergraduate and postgraduate studies. This study discussed the approach used to implement immersive VR for training specialists, the various stages of planning and applying innovative technologies, and conducting practical exercises. The project was divided into four stages. Minor motion sickness and problems with wearing glasses were among the expected issues that the study participants could undergo.

Thus, this study did not show a significant improvement in overall academic performance. Nonetheless, it is impossible to neglect the multifaceted benefits of immersive technologies that go beyond exam grades. Immersive technologies create a special learning environment that attracts students to a multimedia experience, contributing to deeper understanding and exploratory learning.

Researchers that studied immersive technologies as a means to foster procedural skills have demonstrated a clear advantage of those tools over traditional methods. For example, some researchers proved that engineering students assembled household appliances faster in the process of virtual functional analysis in VR (Ijaz et al., 2017), and medical students were more accurate in the practice of tying knots when using VR technology as a training tool (Morimoto and Ponton, 2021). Other researchers have paid attention to the study of immersion training as an educational tool for firefighting training in the operating room for medical and surgical purposes (Alvarez, 2021). The study showed that 70% of those who used VR training could successfully perform the aforementioned procedure in the correct order. Their result was 50% higher than in the control group, who had access only to presentations and reading materials.

Moreover, immersive technologies provide impressive grounds for further implementation in various forms of education. In Sri Lanka, researchers focused on examining Massive Open Online Courses (MOOCs) with VR support and the learning experience of students in comparison with conventional video-based MOOC training (Hewawalpita et al., 2018). The results and feedback from respondents indicate the high effectiveness of using VR content. The possibility of using AR tools during online learning was also in the study focus of some researchers (Pandey et al., 2022). Several studies emphasize the availability of technologies, unlimited exchange of resources, and flexibility in training and collaboration (Pandey et al., 2022).

Another study highlights the results of a cross-study regarding the positive impact of immersive technologies on students’ academic success (Allcoat and von Mühlenen, 2018). Researchers affirmed that VR gives an advantage over learning from videos or textbooks when questions require memorization but do not relate to understanding the material. The authors suggest that the unfamiliarity and novelty of the multimedia environment may have contributed to the lack of obvious advantage in the latter area.

Nevertheless, several studies have not confirmed the obvious advantages of using immersive technologies compared to traditional pedagogical methods. In particular, the study of Moro et al. (2017) presupposed comparing the impact of AR tools with VR and 2D desktop videos on students studying natural science. The results did not show a clear advantage of learning based on AR when comparing the difference and significance of learning outcomes between selected environments. Similarly, another study proved that immersive tools are no more effective than online textbooks for teaching neuroanatomy (Stepan et al., 2017). Moreover, some researchers observed that students who used VR in a biology course received lower scores than those who studied using PowerPoint (Parong and Mayer, 2018).

The consistency of the studies mentioned in the above context with those considered in this study is that they also confirm the benefits of immersive technologies for learning. Researchers have identified the positive impact of immersive technologies on the development of procedural skills in various fields. For instance, studies conducted by Ijaz et al. (2017) and Morimoto and Ponton (2021) showed that engineering and medical students who used VR technologies demonstrated better results in working with equipment and surgical skills compared to traditional teaching methods.

The studies mentioned by Alvarez (2021), Hewawalpita et al. (2018), and Pandey et al. (2022) confirm the potential of immersive technologies in various forms of education. They highlight the effectiveness of VR and AR technologies in remote learning. The researchers also emphasized the availability of technologies, the exchange of resources, and the flexibility of training and cooperation.

Another study paid attention to the gender factor in the use of VR technologies during studying molecular biology in educational institutions in Singapore (Tan and Waugh, 2013). These researchers noticed a positive effect on the academic performance among male students compared to female students. The authors concluded that gender is an important factor in the design and versatility of the immersive VR experience. Despite that, their conclusions do not comply with the present study results, which did not reveal the influence of gender on the learning process using AR technologies.

Another study focused on identifying areas of the potential use of AR in pilot educational programs. Since the number of men prevails in many areas (in particular, complex industries and extreme professions), researchers considered gender preferences during this study (Schaffernak et al., 2020). The pilot training program used in that study presupposed the use of AR technology. Most respondents agreed that AR is an effective technology for theoretical and practical training. In addition, both gender groups demonstrated similar preferences for various immersive technologies. Research results have demonstrated that men are usually better at processing visual–spatial information, whereas women are better at processing verbal information. This research showed that there were no gender differences in three-dimensional tasks. Moreover, such differences decreased after training through two-dimensional tasks of visual–spatial mental rotation (Schaffernak et al., 2020). Another study confirmed the aforementioned results (Koglbauer, 2017). In this case, the researchers evaluated the training program based on professional simulators. As a result, they did not find any gender differences in terms of situational awareness and task performance, which included processing both visual–spatial and verbal information. The issues raised, inconsistencies, and contradictions (Allcoat and von Mühlenen, 2018; Parong and Mayer, 2018) became the motivating factors for the present research.

Thus, based on the set hypotheses, the study showed minor changes in the academic performance of both groups: the students moved from C to B level. Consequently, the results confirmed the hypothesis about the influence of immersive technologies on the level of professional competence. Given the limited number of participants and the influence of other factors, it is impossible to draw unambiguous conclusions about the impact of immersive technologies on grades. The first research objective required methodological and theoretical analysis. The other two were tested experimentally.



6. Conclusion

VR and AR open numerous opportunities for the educational system. Consequently, they can play an important role in fulfilling the tasks of this system and improve its quality. Immersive technologies can create more engaging, effective, and equitable learning environment. The growing interest of researchers in the field of education in identifying the hidden advantages and opportunities of AR and multimedia environments signals the beginning of a new era. Accordingly, it necessitates developing the relevant training and modifying the curricula to ensure long-term sustainability with an emphasis on the training accuracy.

The present research demonstrated the effectiveness of using immersive technologies in higher educational institutions. The dynamics of the study participants in the experimental group is significant since the initial results of high and average academic success increased from 30 to 53.3% (+23.3%), and high and low levels of engagement and motivation also increased by 21%. The academic performance results in the control group are less dynamic. The high and average level increased from 31.1 to 41.1% (+10%), and the values of high and average levels of motivation also increased only by 10%.

Thus, these results prove that academic performance, engagement level, and motivation among students in the experimental group significantly increased compared to the control group. It indicates the effectiveness of the practical implementation of immersive technologies into the system of training in complex industries and within the preparation of specialists for extreme professions.

Although the involvement and motivation of students from the experimental group have increased, the experiment did not reveal differences in academic achievements between the groups. Therefore, it cannot be argued that immersive technologies have a direct impact on grades, which are the main indicator of success in learning. In addition, the study did not directly examine aspects of well-being, health, and mental contraindications. Nevertheless, these factors were identified as crucial. To obtain more objective conclusions, there is a need for additional studies that will directly address these issues.

The new experimental data obtained under the present research and the analysis of previous modern experimental studies contributed to drawing relevant conclusions regarding the expediency and high efficiency of using the educational immersive technologies for training university students. The study findings offer valuable information and useful insights that can help practitioners in further decision-making and future actions in education. The examples presented in this research open the way for further studies and projects at both theoretical and practical levels. Future researchers may focus their attention on research into factors that increase student motivation through interactive learning.
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