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Abstract: Nowadays, collaborative learning is proving to offer solutions to new inclusivity research
challenges, and most importantly, can help ensure sustainable education. Collaborative learning can
strengthen positive attitudes towards learning, improve performance in academic results, and enhance
self-esteem, by promoting interaction and mutual support among young people. Extended reality (XR),
associated with collaborative learning, offers a further advantage by facilitating deep comprehensive
learning. An online survey was conducted to investigate respondents’ views on the impact and
influence of virtual technologies on work, study, and social life. Respondents (n = 1032) were
recruited from Serbia, Romania, and Hungary, from five public and private universities. The study
reveals students’ perceptions of e-learning and XR immersion. The data were analyzed by using a
combination of descriptive techniques from PSPP (GNU open source SPSS—Statistical Package for the
Social Sciences, Free Software Foundation, Boston, MA, USA), and by designing a regression model
to evaluate the work-life balance. This regression model shows that the work-life balance is positively
influenced by the inclusion of XR facilities in the e-learning process, along with an increased level of
culture and living standard. The higher living standard of a student is associated with higher digital
competence and more financial resources available to invest in technology.

Keywords: e-learning; sustainable education; Virtual Reality (VR); Augmented Reality (AR); Extended
Reality (XR); work-life balance

1. Introduction

We live in a society that is increasingly concerned about issues related to the sustainability of its
own models—educational, economic, and social. In the era of the Internet of Things (IoT), Augmented
Reality (AR), Virtual Reality (VR), and collaborative learning offer a complete experience during a
student’s process of acquiring information, and enable the spread of creativity. VR and AR allow
students to perform experiments in a safe environment [1-3]. Smart education uses new technology
that blurs the line between what is real and what is computer-generated, offering a complete experience
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by enhancing the senses—vision, hearing, smell, and touch [4,5]. VR and AR immersion in education
also has a positive impact on the IoT smart environment. VR and AR are followed by Mixed Reality
(MR), which is an AR+ that places objects or creatures just like the AR only with their ability to engage
in the real, physical world around them and vice versa. The integration of collaborative e-learning, AR,
VR, and MR evolves into Extended Reality (XR), allowing the user to bend reality [6-9]. Most likely,
these will also evolve into Mobile AR and Location-Based VR. Education for Sustainable Development,
or Education for Sustainability (EfS), is a process that develops people’s awareness, competence,
attitudes, and values, enabling them to be effectively become involved in sustainable development at
the local, national, and international levels, and helping them to work towards a more equitable and
sustainable future. In particular, it enables people to integrate social and cultural considerations with
environmental and economic decision-making [10].

As a principle, sustainable development needs to be applied in all areas in order to meet basic
material needs, provide optimization of resources, and ensure quality of life in terms of health and
education. In this context, we decided to examine students’ opinions regarding the importance of XR
in e-learning. The students came from Serbia, Romania, and Hungary, from five different universities.
We selected these countries as some of the local teachers are reluctant to apply new technologies as part
of the educational process. Understanding students’ needs will enable teachers to adapt and become
more accustomed to the new technologies.

2. Background of Literature

Universities need to allocate resources intelligently to become sustainable and to provide students
with life experiences in a sustainable environment. They must be a catalyst for necessary changes
in society so that their graduates can be part of the transformation of the whole society, in the
direction of sustainable development. In addition, there is an expectation from society that universities
will play an important role in facilitating education that allows current and future generations to
redesign their activities, as well as their personal and professional life, to create a sustainable future.
Education can only be sustainable through a concerted approach. Collaborative learning includes
student-to-student collaboration, teacher-to-student collaboration, student-to-teacher collaboration,
and student-to-machine interaction. If collaborative learning is associated with the halo effect, students
can be projected in time to when the event happened and be immersed in “another time and place”
that is easy to understand. Collaborative learning brings about innovation in teaching and learning
methods, facilitating the presentation of learning content among students and teachers [11,12] through
interconnected mobile devices. Wireless connection increases students’ engagement in accessing
information and fosters collaboration among them [13]. The biggest positive impact on students
derived from the collaborative environment was through AR learning applications [14] and game-based
learning [15].

VR and AR associated with collaborative learning bring about two other advantages: deep
comprehensive learning facilitated by the “learning-by-doing effect,” as well as the engagement of all
the senses at the same time during simulated reality [16,17].

The literature review reveals some important benefits of the e-learning environment in the era
of IoT [18,19]. It brings about spatial delocalization and experimentation in different subject matter
areas; it promotes innovations, such as informal and ludic activities; it encourages experimentation
with virtual environments; it increases the motivation for learning; it involves the joy of being part of
specific social networks and creativity; and it leads to the inception of new scales of value.

The characteristics of XR are: presence/teleportation, which refers to how immersive the experience is,
i.e., how real it feels; haptics, the association with tactile experiences while immersing in XR (driving a
car, playing a sport, designing a house, painting, performing surgery, combining chemical substances,
doing physics experiments, etc.); interactiveness, which refers to multiple ways of joining in the
simulation/adventure, facilitated by different types of media content within an XR application; imagination
and 5D XR, whereby the experience becomes more immersive if the content is presented in fourth and fifth
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dimensions; a stereoscopic effect, obtained when two videos or photos are taken from slightly different
angles and then viewed together giving the appearance of depth; field of view—for a real experience,
the application has to allow a 360-degree view (moving the eyes, head, or body will change the entire
perspective and experience, as in real life); the lag between an XR stimulus and the response, which has to
be as short as possible for an intense experience; and simulator sickness, a side effect that rarely occurs
due to the disconnect between what is seen and what is felt generating confusion (the clues of visual
and physical movement are not registered at the same time). The XR experience affects all the senses:
visual (using hamlets, neurotransmitters, goggles: head-mounted displays (HMD), Oculus Rift), auditory
(e.g., audio tools such as Oculus or KAI Tech), tactile (using haptic devices to send vibrations/electrostatic
shock: gloves, backpacks, etc.), olfactory (devices that change the smell in the VR environment), and taste
(which works more as an autosuggestion facilitated by the visual and auditory senses). These applications
use bodysuits and vibration controllers for the kinetic stimulation of the entire body. All these elements
have to be considered as part of the new teaching methodologies.

The study records the perceptions that students from three Eastern European countries have
of XR in the e-learning process. In these universities, XR technologies have not been adopted yet.
Teachers observed the enthusiasm of millennial students for using new technologies as part of the
learning process. Students are very active, always on the move, and ready to test and to learn by doing.
This means that the learning content should be adapted to:

o  Where they are: if they are at the office, on campus, traveling, etc.; if they have spare time,
students should be able to access the learning content remotely as a podcast, YouTube video,
or XR application;

e  When they can access the information (a very flexible schedule, 24 h a day);

e  How they can assimilate it (written text is very valuable, but it can be more easily understood if it
is associated with photos, videos, simulations, applications, etc.).

Multisensory learning is preferred by millennials due to different IQ levels, which varies between
individuals. This method presents the learning content through different sources and senses (sight,
touch, hearing, and smell) for effective learning [20]. The potential of this technology is increased
through its incorporation in different disciplines: medicine, history, psychology, economics, architecture,
etc. With AR in education, learners can understand concepts better, thanks to the use of 3D models.
AR allows for adding a new layer of information to physical reality using a smartphone or tablet.
Using this technology, teachers can provide interesting presentations that will attract students” attention,
even in the case of a difficult topic [21].

Although research on the usefulness of these technologies in education has been part of many
studies [22-25], their integration into the educational process is still difficult for some developing
societies. However, improving students’ motivation, satisfaction, and performance can increase their
contribution to the university environment [6].

It is also important to have a very interactive form of evaluation (such as Kahoot games or Google
forms with integrated video). They are used after the content learning, to cement the information.
VR/AR is already applied to training and development by various industries and U.S. universities [17].

Based on the theory of self-determination, Mahmud et al. (2020) encourage student participation
and learning by introducing game elements into the learning process, in which the teacher plays a role
as an agent in this online gamification learning context [26]. Providing teacher feedback and recognition,
and communicating with students, encourages their participation in activities. This suggests that the
presence of a teacher encourages student involvement in online gamified activity, consistent with many
studies that have found a correlation between teacher presence and student performance in online
learning [27].

The current approach to AR and VR in the educational field is found in the context of online
and ubiquitous training, and mobile technology in education in order to gain sustainability. In the
educational context of the countries studied, a number of barriers to incorporating sustainable
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development into the curriculum must be overcome. Thus, it would be useful to rigorously analyze
the existing curricula or redefine them, following the reconsideration of the competencies necessary
for each university qualification so that new disciplines are introduced, in the context of sustainable
development. Significant investment in staff development can strengthen the capacity to adapt to the
new technologies and help teachers develop new motivational strategies [28].

3. Conceptual Framework for Sustainable Development through the Inclusion of XR in the
Education Process

In a time of crisis (such as that caused by COVID-19), distance learning and MOOCs (Massive
Open Online Courses) are adequate tools for sustainable higher education (HE). Thus, some of the HE
priorities are [29]:

e  Tackling teachers’ and students’ skill gaps and mismatches.

e Increasing the attractiveness of and reforming curricula for STEM (Science, Technology,
Engineering and Mathematics) with a STEAM (Science, Technology, Engineering, the Arts and
Mathematics) approach including real-world applications, inquiry-based and ICT-enriched
learning, and collaborative practices, including university-business cooperation.

We started from the evidence that teachers have a huge responsibility to equip students with
ICT literacy that meets the requirements of the 21st century. At the same time, teachers are no longer
the only source of knowledge for students; they have a more complex role, to deliver information,
to coordinate the learning process and, last but not least, to facilitate access to learning and technology.
The study looks at the extent to which students from Eastern European universities are prepared for
the inclusion of XR technology in their learning and their personal lives, so that teachers can become
more creative and flexible in learning. We aim to assess whether the reluctance to approach these
technologies is cultural or otherwise, and whether they are desired by students [30-33].

To this end, we designed a survey that emphasizes the tools/technologies able to increase the
attractiveness of digital courses and, at the same time, help teachers to gain horizontal competencies.
These technologies will improve, rewarding excellence in learning, teaching, and skills development;
they will also facilitate the training of academics in new and innovative pedagogies, including
transdisciplinary approaches, new curriculum design, and delivery and assessment methods linking
education with research and innovation to foster innovative practices in digital education.

Nowadays, university-business interactions involve a skills mismatch. As stated in the “Agenda
for the Modernization of Europe’s Higher Education Systems”, globalization and digitalization emerged
as important “megatrends” directly affecting higher education institutions and the world for which
they are preparing graduates. For that reason, curricula should be updated with new educational
modules, exploring the intersection of regulation, science, technology, and law to meet the needs of the
rapidly changing scientific and policy landscape. At the same time, employment insecurity is likely to
increase with the advent of the 4th Industrial Revolution. At the top of the European agenda is the
enhancement of skills for better employability by improving the quality of education, including the
active use of cyberspace for educational purposes by students, faculty, and teaching staff [30-33].

According to the “A New Skills Agenda for Europe”, by 2025, almost half of all job openings in the
EU will require higher qualifications (usually awarded through academic and professional programs
at a tertiary level). Skills developed through these programs are generally considered to be drivers of
productivity and innovation [30-33].

4. Research Hypothesis and Proposed Model

The literature review shows that the adoption of XR in teaching has two major requirements:
the technology must fit into instructors’ existing practices, and the cost cannot be significantly higher
than that of the alternatives already in use. It is very important for students to be able to buy the
technology. Additionally, the integration of XR into the curriculum faces two major challenges: time
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and skills [34]. There is a strong correlation between cultural/living standards and the decision to
invest in technology. The application of VR technology to Internet education has injected fresh blood
and enhanced its competitiveness in the education field [35].

A study of professors using XR in their teaching and research identified learning goals that
are effectively supported by XR technology, as well as methods for integrating XR into pedagogy.
Educational background has a potential effect on each dimension of digital social and political life [36].
Different levels of education and digital literacy have a positive correlation with digital social life.
Digital opportunities and information capabilities are highly positively correlated to educational
background and citizen participation [37].

A balance between work, learning, and personal life, will facilitate behaviors that are associated
with safety and well-being [38]. The literature review shows that flexible working context and schedules
will be associated with healthy employees, while a lack of control over working time creates risk
groups prone to disruptions to well-being [39,40]. XR will make teaching and learning more interactive,
facilitate deep learning, and make it fun to acquire knowledge. Thus, introducing XR facilities into
the e-learning process is an important step that will contribute to a good work-life balance. However,
there is still a lot of work to be done [41,42].

The main aim of this article is to address the issue of adaptation through changes of mindset on
the use of new technologies. We start by evaluating the current e-learning perceptions of students
from five universities in three different countries (Romania, Hungary, and Serbia). The objective of
this research was to identify students’ opinions regarding the inclusion of XR in the learning process.
We also analyzed the impact of XR technologies on the work-life balance. The research hypothesis of
the study (H1) is that the balance between working and social life is influenced by the inclusion of XR
facilities in the e-learning process. If students have a high level of culture and living standards, this
will allow them to invest in technology. A higher level of culture is also associated with higher digital
competence as well as being keen on new technologies.

The second objective of the study is to demonstrate how important it is for small countries such as
Romania, Hungary, and Serbia to adapt their curricula and positively influence teachers” attitudes
towards XR technologies. In these countries, teachers are reluctant to adopt new methods of teaching,
which includes XR technologies. A good example of combating this tendency is the University of
Graz, which created the Social Internet of Things, combining the advantages of social media and new
technologies. The literature emphasizes the need for adaptability in higher education, including the
flexibility of teachers regarding working from home and the work-life balance, which will have a great
impact on the social-economic system [3,41,43] by:

e Encouraging universities to be adaptable to current challenges

e  Reducing costs for transportation and health expenses

e  Transfrontier collaboration in real time

e  Higher creativity, innovation, and productivity of the employees

e  Healthier, happier, and more responsible employees

e  Higher sustainable corporate responsibilities following the principles of the circular economy.

Thus, the aim is to support universities in achieving their main goals: adopting new approaches,
adding new programs, changing the curricula, including data literacy, designing new courses, using
the most advanced technologies, and creating new learning environments dedicated to research and
education to prepare students and staff to face current and future challenges. The physical learning
environment has to be improved via environments for problem-based learning, and learning-by-doing
activities for interdisciplinary teams that use blended learning. Students from different fields such as
computer science and the social sciences can be brought into the same team to solve problems due to
the cross-fertilization of knowledge (an example of how digital skills promote entrepreneurial and
management skills). These specialists will shape the digitally transformed society, which is already
present (cybermarketing is more efficient and more convenient than classic publicity in newspapers and
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TV, online transactions, distance learning, e-commerce, etc.). For students with digital competencies,
it will be fun to use these in their future work and thus, the economy will benefit from it, more so
under the green and circular economy principles [30-32].

Universities have to rethink strategic management regarding digital competencies and their
implementation into the education process. Thus, universities must ensure that graduates have
the skills to make use of new technologies. Universities should prepare students for labor markets
where the probability of disruption is high, and companies have to anticipate their future employees’
capacities and abilities [35,43,44].

Knowledge and technological transfer will have a major, positive impact on the business field.
Companies have to be able to auto-evaluate, discover weaknesses regarding disruptive technologies,
and face continuous economic challenges. Thus, companies will become more productive and
innovative. They will have more motivated, skilled, innovative, healthy, and well-adapted employees.
Respecting the Erasmus+ principles, and correlating the indicators with these principles, the old
companies will be more sustainable, and new spin-offs will restart the economy in these difficult
times [30-32].

5. Research Methodology

5.1. International Survey

An online survey was conducted to investigate respondents’” view on how much work, study,
and social life are influenced by virtual technologies. Respondents (n = 1032) were recruited from
three countries (Serbia, Romania, and Hungary) and five public and private universities: Business
Academy University Novi Sad (n = 10%), University of Novi Sad (n = 13%), Spiru Haret University
Bucharest (1 = 35%), Academy of Economic Studies Bucharest (1 = 30%), and Budapest Metropolitan
University (n = 11%). These universities have strong collaborations and intend to implement a project
to introduce VR/AR technologies into the e-learning process.

The specific steps used in the sociological research were as follows: the establishment of research
assumptions for verification, the setting of objectives, and the study of various theoretical orientations,
which resulted in several concepts. To determine the materials to be used, the sampling of the
investigated theme was followed by the choice of the collection method and, finally, the analyses of
the data were: establishing the assumptions of the research to check them, establish the objectives,
followed by the study of the various theoretical orientations resulting in a series of concepts. We did a
sociological survey using a questionnaire consisting of a series of semi-closed and dichotomic/closed
questions. The questionnaire also included open-ended questions to enable subjects to inform us about
novelties/trends in the field or suggest new solutions. The survey was administered via LimeSurvey
and comprised two sections. The first section asked for information about gender, age, ethnicity,
and the perspective on learning with e-learning platforms (Table 1).

The next section evaluates to what extent virtual technologies can influence learning facilities.
Respondents answered a series of questions to indicate in which areas of study they think XR can be
used, and the advantages and disadvantages of the inclusion of XR into e-learning platforms, mobile
devices, and social media apps used for e-learning. Then, a regression model has been designed to
show to what extent a balance can be achieved between social life and work, through the use of virtual
technologies in e-learning.
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Table 1. Respondents’ demographic information and point of view about e-learning platforms.

7 of 19

Total Sample E-Learning Platform Users E-Learning Platform Nonusers
n = 1032 N =1008 N=24
Gender

Female 609 589 20

Male 423 419 4

Age (years)

18-24 372 372 0

25-34 423 423 0

35-44 196 187 9
45-54 31 19 12

>55 10 7 3

Ethnicity

Serbian 237 230 7

Romanian 671 659 12

Hungarian 124 119 5

E-learning platforms involve:

In-depth technical knowledge 135 122 13

In-depth knowledge in the field of study 258 258 0

The habit of learning alone and organizing time and study materials 516 516 0
They do not require any prior technical knowledge 123 112 11

E-learning platforms have as their main advantages:

Allow materials to be studied electronically 165 151 14
Enable online conferencing via Skype 83 83 0
Allow virtual classes for teamwork on different projects 124 124 0
Allow synchronous and asynchronous messaging 83 83 0
Allow continuous assessment of knowledge 103 103 0
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Table 1. Cont.

Total Sample E-Learning Platform Users E-Learning Platform Nonusers
n =1032 N =1008 N=24
Reduce transportation costs (not traveling to college) 134 134 0
Provide more time to study 144 144 0
Provide more efficient technical solutions to the learning process 114 114 0
Objective evaluation 72 72 0
I do not consider it an effective solution for learning 10 0 10
The e-learning system allows a balance to be struck between learning and social life
Yes 764 764 0
No 83 73 10
I don’t know 185 180 5
A lack of e-learning platforms would translate into a lower level of culture and living standards (economic)
Yes 712 712 0
No 113 23 90
207 90 117

I don’t know
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5.2. Construction and Validation of the Questionnaire

The tool used to collect the data was a questionnaire that was adapted to the characteristics of the
respondents. The questionnaire was built on the principle of the respondent’s effort. This principle
requires that questions that need greater mental effort to answer be placed at the heart of the questionnaire.
The questionnaire consisted of closed, open, dichotomous, trichotomous, and multihotomic questions,
and covered all existing possibilities.

Before the pretest, the questions of the questionnaire were evaluated according to the ease of
understanding. Each question was checked and validated so that it was:

- appropriate to the purpose of the research and indispensable;
- clear and intelligible;

- interpreted in the same way by each respondent;

- not likely to generate deliberately inaccurate answers.

The questionnaire included the questions selected after evaluation and validation. The questionnaire
was tested by a pilot study that aimed to identify and eliminate ambiguities. The validation consisted of
sending the online questionnaire to a small number of respondents (1 = 25) from all university centers
participating in the study. The information gathered from this pilot study led to the improvement of
the structure of the initial questionnaire (the deletion, addition, or reformulation of some questions).
The questionnaire included 11 questions.

5.3. Data Analysis

Data were analyzed using a combination of descriptive techniques using PSPP, including segmentation
of respondents by demographic (gender, age, ethnicity) and point of view about e-learning platforms and
XR technologies, as well as developing a regression model for evaluating the balance between work and
social life.

Respondents in this study were predominantly female (59%). Of these, 3.4% were nonusers
of e-learning platforms, while for male respondents, out of the 41%, only 0.9% were nonusers of
e-learning platforms (Table 1). The sample, thus, had more males who were familiar with e-learning
platforms. By contrast, 3.4% of females stated that they were reluctant to use e-learning platforms for
education. A series of studies on the use of new media equipment by gender [45] showed that women,
although more open to new ideas and online applications, are perceived as having lower skills in the
virtual environment [45,46]. Their reaction to this risk makes them more appreciative of the virtual
environment control [47,48].

Most of the respondents (77%) were young people: 41% were aged between 25 and 34 years old
and 36% were aged between 18 and 24 years old, while 19% were 35-44 years old and 4% were older
than that (Table 1). The younger groups were familiar with e-learning platforms and considered them
appropriate for education, in contrast with people over 45: 39% of them were nonusers of e-learning
platforms. Previous studies on the influence of e-learning on adults showed the direct and positive
influence of the family, as emotional support, for adults. It has also been observed that the similarities
between women and older adults are due not specifically to gender, but to social context [49].

Regarding ethnicity, 65% were Romanian, 23% were Serbian, and 12% were Hungarian. More than
95% of each ethnic group were familiarized with e-learning platforms. This is a result of the area from
which the project was coordinated (Table 1)—respondents were chosen from universities.

6. Results and Discussion

6.1. Respondents’ Demographics and Their Opinions about E-Learning Platforms

Most of the students (516 respondents) said that the most important benefit of e-learning platforms
is the ability to learn alone and organize the time and material that has to be comprehended. Sometimes it
is difficult to understand new and complex concepts; 258 of the respondents using the e-learning
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platform said so. This is why some students (122 e-learning platform users versus only 13 nonusers)
consider that in-depth knowledge in the field of study is required in the e-learning process. In case
of very technical studies, such as programming, in-depth technical knowledge is also important.
Sottysiak [50] proved that an effective education in electronic learning can develop soft skills among
students [49]. At the same time, our statistical results showed that social media plays an important role
in acquiring new skills [50]. Our study showed that 123 respondents (112 e-learning platform users
and 11 nonusers) stated that the use of the platform does not require any initial technical competence
(Table 1).

Students like to use e-learning platforms because they allow materials to be studied electronically:
151 e-learning platform users out of a total of 165 (15.9% based on the total number of respondents)
responded positively to this question, compared with only 14 respondents who were nonusers of
e-learning platforms (Table 1); 103 respondents (10.21%) from the total users of e-learning platforms
(n = 1008) believe that e-learning platforms allow for the continuous assessment of knowledge and
134 respondents (13.29%) believe that using e-learning platforms saves them money by reducing their
transport costs (they do not have to go to college every day). Moreover, 124 respondents who were
users of e-learning platforms (12.30%) said that they like virtual classes for teamwork on different
projects. Other advantages offered by e-learning platforms that were mentioned included more efficient
technical solutions such as gamification, VR, and AR (mentioned by 114 e-learning platform users
(11.04%)), enabling online conferencing via Skype (mentioned by 83 e-learning platform users (8.04%)),
and the fact that the evaluation is objective (mentioned by 72 e-learning platform users (6.97%)).
Likewise, 83 e-learning platform users (8.04%) mentioned synchronous and asynchronous messaging
as a benefit. The study also showed that, while 144 respondents (13.95%) felt that e-learning gave them
more time to study, 10 respondents (0.96%) did not consider this approach an effective solution for
learning (Figure 1).

consider it an materials to be

studied
The evaluation electronically
is objective Online
Provides conferencing
eﬁ1c1_ent Allow virtual
technical
. classes for
solutlons_ to the teamwork
learning Allow
Provides more messaging
time to study synchronous
Allow and
Reducing continous_ asynchronous
transportation assessment of
costs knowledge

Figure 1. Advantages offered by e-learning platforms.

Compared to these data, other similar studies showed that approximately 80% of students appreciated
the flexibility of e-learning, while only 30% of students considered that they are better at managing their
time using these platforms (Table 1). An important advantage of e-learning shown in other studies is
that it reduces learning time compared to the traditional style [51]. Another common opinion was that
e-learning simulates or facilitates independent study [52]. Suresh shows respondents’” preferences for
interactive e-learning methods at 67% compared to text-driven e-learning or stimulation [53]. For this
learning style to be effective, it is also necessary to train the teaching staff appropriately; students, though
aware of the benefits of these tools, are limited in their ability to use them [54].



Sustainability 2020, 12, 5872 11 of 19

At the beginning of the study, it can be observed that most of the students (74%) who were
e-learning platform users (n = 764) considered that the balance between learning and social life is
assisted by the e-learning process. A small number of e-learning platform users (8.04%, n = 83) did not
agree with this statement, while 17.92% (n = 185) of e-learning platform users were unsure (Figure 2).

| don’t know

—_—

NO“"‘

Yes

Figure 2. The e-learning system allows a balance between learning and social life.

Of the respondents who were nonusers of e-learning platforms (n = 223), 32.73% (n = 73) did not
agree with the statement that e-learning systems allow for a balance to be struck between learning and
social life, while 67.26% (n = 150) were unsure.

The results of this study showed that 68.99% (n = 712) of e-learning platform users said that
e-learning helps them to increase their level of culture and their living standard, in that they can work
during the day and learn in the afternoons or on weekends. Otherwise, they could not afford to pay
for their studies; but without higher education, they would be limited to a smaller salary and an
inappropriate job. Only 10.94% (n = 113) of e-learning platform users disagreed with this statement,
while 20.05% (n = 207) were unsure (Figure 3).

Idont know

ND_.--""

Figure 3. A lack of e-learning platforms would translate into a lower level of culture and living
standards (economic).

On the previous question, e-learning platform nonusers (n = 207) were asked if a lack of e-learning
platforms would translate into a lower level of culture and living standards: 40.35% (n = 90) did not
agree, while 52.46% (n = 117) were unsure (Figure 3).

The study followed, in addition to students’ perceptions about the use of e-learning platforms,
to what extent virtual technologies can influence learning facilities.

6.2. Respondents’ Opinions on VR/AR Technology and E-Learning

To the semi-closed question about which areas of study VR/AR can be used in, students, mostly
from the economics faculties, appreciated the usefulness of these technologies in these areas: technical
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sciences (n = 945), social sciences (n = 875), arts and architecture (n = 856), mathematics and natural
sciences (n = 789), medicine (n = 765), and humanities (n = 150). Similar studies showed that students
felt virtual technologies were useful in many specialties: economic sciences (management, marketing,
economics, finance, accounting, etc.), where VR is used for simulations; social sciences (legal sciences,
administrative sciences, communication sciences, psychology, sociology, etc.), where VR/AR allows
them to design a subject in simulated reality; and humanities (philology, philosophy, history, cultural
studies, theology, literature, etc. [54,55]), where VR is used to create a specific environment. However,
most of them stated that the fields of study to which VR immersion brings the most advantages are [56]:

e  Arts and architecture for developing models/blueprints/plans [57].

e  Technical sciences (engineering, construction, etc.) for developing models/blueprints/plans [16].

e Students added that mathematics and medicine can be studied in depth and comprehended better
via e-learning platforms. VR/AR can be used in:

e  Mathematics and natural sciences (mathematics, informatics, physics, chemistry, chemical engineering,
etc.) for testing and simulation [58].

e  Medicine (for the study of anatomy, replacing the atlas, for simulating laser operations, etc.).

Some examples of VR/AR applications already tested in medicine are at www.curiscope.com,
www.worldofcomenius.com, and www.conquermobile.com, which offer students the opportunity
to learn the human skeleton and organs, take apart and re-assemble skeletons, or practise surgical
training. In chemistry [59,60], http://educhem-vr.com/ and https://unimersiv.com/review/molecule-
vr/let students explore atoms and molecules. In history, www.3ds.com and www.unimersiv.com let
students explore reconstructed important historic buildings. An example of using VR/AR in art is 3D
painting or interactive experiences at museums (e.g., at Drassanes Museum from Barcelona, holograms
bring alive the sailors on a huge Viking ship/galley. In other museums, AR is used for providing
additional information. At Woofbert VR’s art gallery, visitors can discover pictures interactively or
watch an enhanced 360° version of some shows [55].

Learners can travel all the world with Google Expeditions, visiting national parks in the USA or
historic sites in Europe; they can even swim with sharks or dive in the Great Barrier Reef. These expeditions
have already been tried by schools in Georgia, USA (Cambridge Elementary and Hilsman Middle).
Other participants can get in touch with refugee camps in Syria and Jordan [56].

Students were asked about the advantages and disadvantages of the inclusion of VR/AR in
e-learning platforms. Among the advantages mentioned were:

e Adding clarity, visualization, and dynamic interaction for students, because digital technologies
with 3D visualization allow for virtual manipulation of artificial objects (1 = 970)

e Increasing attractiveness, motivation, and development of creativity for students (n = 805)

e  Facilitating comprehension of taught content and accelerating the learning process (1 = 650)

e Increasing student satisfaction and motivation; having fun during the learning process (1 = 702)

e  The “learning-by-doing” effect—closer to empirical and experimental handling in the real world
(n =444)

e Including gamification features, which increase curiosity and playfulness, leading to creative
solutions (1 = 681).

AR technology used in education brings about the advantage of covering multiple learning
styles; it facilitates observation and exploration, drives performance, achievement, and experimental
self-learning, increases motivation and interactivity between students, and in contrast to the traditional
educational style, presents the content in a two-dimensional format. AR learning involves many senses:
sight, touch, hearing, and smell [20,61,62].

One of the biggest advantages of VR/AR immersion in education is that the competencies obtained
in a VR environment are easily transferred to real life. The simulation eliminates the danger of
training in a real environment, is independent of time pressures, and can be reproduced as often as
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needed, reducing the expense of testing in real life. It also allows us to survey the past or the future.
These assumptions have already been demonstrated by “training of pilots in flight simulators, train
drivers in locomotive simulators, training simulations for gas fitters or professional development in
the field of emergency medicine” [63,64].

Students think that the most notable disadvantages of VR’s inclusion in the e-learning process
are cost and technical issues. The equipment used for VR is very expensive and increases the cost
of studies. Sometimes technical issues, such as low-resolution content, large file sizes, or a slow or
unreliable Internet connection can affect the e-learning process. Other disadvantages associated with
e-learning platforms are isolation and the lack of hands-on teaching. Students may feel isolated or
miss social interaction (before discovering the forum), and the instructor may not always be available
on demand, affecting the teaching flow.

Most students (61%) use a laptop to access the information provided through the e-learning
platform, while others (16%) prefer a desktop computer. There is a continuous increase in the number
of students using modern devices (23%): mobile phones, tablets, and smart TV. This means that the
learning content has to be adapted [63] to the modern devices of the IoT era with responsive sites,
proper file sizes, lectures that do not last not too long, special effects, VR, halo features, etc.

In 2014, Cochrane showed that an efficient e-learning system is “Bring Your Own Device” (BYOD),
meaning that learning can be experienced via cell phones, which is much appreciated by students for
online networking [65,66].

The majority of students consider social media a fun activity for one’s spare time (1 = 784),
but they also use it for socialization, solving tasks, and project teamwork (n = 619). Some of them
(n = 526) use social media for gaining knowledge. Most students use Facebook (n = 432) and WhatsApp
(n = 355) in the e-learning process. Other preferred networks are LinkedIn (n = 134), Skype (n = 103),
and ResearchGate (1 = 93). Some students use specialized networks that provide e-learning courses,
such as Discord, Udemy, Edmondo, and Pbworks. Spiru Haret University teachers have published
video courses and verification tests on YouTube and Facebook. Students watch and/or listen to the
courses and then answer test questions. Our students formed WhatsApp groups and discussed specific
problems encountered in the learning process. Some groups invited teachers to offer solutions to their
problems. On ResearchGate, Web of Science, and Scopus, students look for newly published research
papers and write articles for scientific conferences. Sometimes they look for e-learning courses on
Udemy, Edmondo, Pbworks, and LinkedIn. From time to time, teachers set online meetings with
students on Skype.

6.3. Regression Model for Appreciating the Balance between Social Life and Work

In step two of the analysis, we designed a regression model. The hypothesis of the study (H1)
is that a balance between working and social life is influenced by the inclusion of XR facilities in the
e-learning process. If students have a high level of culture and living standards, this allows them to
invest in technology and easily adopt innovations.

In our model, we included:

- Asthe dependent variable, the work-life balance (balance variable), presented in Figure 2 and Table 2
as: “The e-learning system allows a balance to be struck between learning and a social life.”

- Asanindependent variable, the inclusion of XR facilities in the e-learning process (XR variable).

- Asanindependent variable, the level of culture and living standards (culture & living variable),
presented in Figure 3 and Table 2 as “Lack of e-learning platforms would translate into lowering
the level of culture and living standards (economic).”

The regression equation is (Table 2):

BALANCE = 2.97 * LOG(CULTURE_LIVING) + 1.04 * XR. (1)
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Table 2. Logarithmic regression model.

Dependent Variable: BALANCE
Method: Least Squares

Date: 28/05/20 Time: 18:15
Sample: 1032
Included observations: 1028

Variable Coefficient Std. Error t-Statistic Prob.

LOG (CULTURE&LIVING) 2.975629 1.833290 1.623108 0.2460

XR 1.049003 0.105023 9.988311 0.0099
R-squared 0.987610 Mean dependent variable 45.25000
Adjusted R-squared 0.981415 S.D. dependent variable 54.41431
S.E. of regression 7.418065 Akaike info criterion 7.152566
Sum squared residual 110.0554 Schwarz criterion 6.845714
Log likelihood -12.30513 Hannan-Quinn criterion 6.479201

Durbin-Watson stat 2.128881

The R2 coefficient of this model is 0.98, which indicates that 98% of the balance (dependent
variable) variance is determined by the variation of causal variables; only 2% of this influence cannot
be explained by the model. As R? takes values closer to 1, the regression model better adjusts the data
in the sample. In this case, a value of 0.98 demonstrates that the model is good, but other factors might
be included in the model (Table 2). Commonly the Chi-Square statistic is used for testing relationships
between categorical variables. In our example, we used a similar test, t-Statistic, to decide whether to
support or reject the null hypothesis.

Furthermore, the adjusted value of R? (0.98) is close to the value of R?, which proves that the
influence of the independent variables (culture & living, XR) is significant to explain the variance of
the dependent variable, balance.

Since the adjusted R? value is close to the value of R?, this allows for the extension of the proposed
regression model to the entire population surveyed. In this case, the variance of the dependent variable
decreases with the difference between the two coefficients (0.9876 — 0.9814 = 0.0062). This difference
can be seen to be below 1%.

The t-test for each variable generated validates the model and contributes to the predictive power
of regression Prob; the significance threshold of the variables should be less than or around 0.05. In our
case, Prob 0.009 is lower than 0.01 for XR, meaning that the coefficient of this variable is very well
estimated and Prob 0.24 is higher than 0.01 for culture & living standards, meaning that the coefficient
of this variable could be estimated better.

The Durbin-Watson test strengthens the model, showing that there is no autocorrelation between
the variables.

All the statistics show that we have to accept H1—a work-life balance is easier to achieve if the
e-learning process includes XR facilities, and if students’ level of culture and living standard is higher,
so that they are able to purchase the latest technology and more easily accept innovations.

However, the work-life balance depends not only on the analyzed variables (XR and culture & living),
but also on many other variables that may affect this equilibrium and that are very important nowadays.
Students with high digital competency are more likely to adopt XR technology and obtain better
grades, and universities that integrate XR facilities in the learning process are perceived as having
better performance.

The way XR technologies are used seems to be more important than the use itself. If the teachers
are not comfortable with the technology, they lose credibility with students. Furthermore, if students
do not associate XR simulation with deep content study, they will only manage superficial learning.

Due to XR, social networks, and mobile technology spread, a new trend has appeared: the Social
Internet of Things. This allows teams to interact in XR with objects in the real world and develop
projects together through 360° video selfies.
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There are apps such as Nearpod VR, EON creator AVR, Audio Response Systems from the
Technical University in Graz, and Social Virtual of Facebook that allow realistic, 3D student-teacher
interaction in virtual worlds, containing pre-prepared virtual field trips that can be changed by
the teacher to fit customized learning scenarios, making available to the student/teacher an AV/AR
library or analytical database, and empowering the teacher to deliver feedback to students via an AR
app [56,63,65-68].

Furthermore, the classroom of the future will be designed as a thinking lab that integrates modern
technologies (interactive detachable workstations, shareable smartboards, and interactive video display
walls) and facilities (XR). Student integration into the labor market depends on the field of study,
high-performing teachers, and adequate communication between academics and students [69].

7. Conclusions

Our research demonstrates that students prefer to use new technologies in education, such as XR,
because of the high interactivity, the requirement for motivation and enthusiasm, and the opportunities
for experimentation and simulation. Universities have to adopt these technologies and develop
new methodologies of training and teaching in accordance with millennial expectations and the
technological revolution (modern mobile technologies, interaction with Al, ubiquitous computing and
technology, real-time communication with students, and continuous interactions between universities
and companies).

Universities have to adopt new and innovative educational curricula, with new methods of
teaching. This can be done through improvement of the quality and effectiveness of learning mobility
experiences, as well as a new approach to teaching based on the learning-by-doing principle, supported
by a stimulating learning environment using XR technologies (VR and AR). Universities can promote
interdisciplinary cooperation in the science, technology, engineering, arts, and mathematics (STE(A)M)
fields by initiating an Academic Hub in which teachers and students interact, especially through the
SIoT (Social Internet of Things). A good example is offered by the University of Graz, Austria [70].

The abovementioned will require a change in the cultural mindset of teachers in countries like
Romania, Hungary, and Serbia, to accept the challenges of using new technologies in the teaching
process. Business management will be a beneficiary of vocational courses and must accept the option of
working and learning from home. In this way, companies and employees will achieve a good work-life
balance; higher employee motivation, creativity, and innovation; a higher capacity to adapt quickly to
new socioeconomic challenges, through agile management, higher productivity, and higher corporate
responsibility, assimilating the principles of the circular economy; and a healthier population that will
not need extra funding for the health system.

Modern students must be prepared for the businesses of the future, able to solve different problems
with the new skills acquired. This should be possible due to the innovative mindset of the teachers and
their ability to cope with disruptions and new technologies. These skills will bring about a competitive
advantage and facilitate the smooth transition from school to the business world.

This article offers a new perspective on future educational applications, analyzing the factors
that have a positive and negative influence on the quality of the learning environment. With a focus
on modern technologies that boost distance and classroom learning, it also prepares students for the
interaction between universities and the business field. The graduates of this system will be prepared
to embrace the challenges of the circular economy. Moreover, a work-life balance could be more easily
reached if XR facilities are included in e-learning and if students’ level of culture and living standards
is higher, as they will be able to invest in technology and accept innovations more easily, which are
marks of a sustainable education.

8. The Limitations of the Research

Although we studied a large sample, it was not statistically representative, therefore, our results
cannot be generalized to the level of each country participating in the study. This research can
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open up new horizons for panel research that can be repeated at some point. In future research,
we will analyze other variables (e.g., government policies to support education) that influence the
work-life balance, such as overcoming skill mismatches through the creation of communities that bridge
academia and business in different countries, in specific transdisciplinary areas (creating industries:
design, audiovisual, ITC, enabling technologies, etc.), to increase HE and B2B capacity to operate at a
transnational level, share ideas, and develop the best practices and methods.
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