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How Are Students Immersed by Providing Virtual Reality
Technology? The Role of Psychological Distance in
Online Flipped Class

Lyu Hongyu

Abstract—Online flipped Class can be optimized by
introducing VR technology. By adding VR technology to the
online flipped class, the performance of class and students’
learning efficiency could be affected. Therefore, we investigate
the effects of incorporating VR technology in online flipped
classes. In this study, we contend that the effects of VR on online
flipped class can be theoretically modelled as users’ attitudes
about VR features that influence their psychological distance,
which in turn shapes their attitudes and behaviors towards
using the learning platform. Finally, we postulate a lab
experiment to measure whether the VR technology in flipped

class can increase students’ engagement.

Index Terms—Flipped class, virtual

efficiency.

reality, learning

|I. INTRODUCTION

At present, the development of technology has widely
applied virtual reality (VR) technology in the field of games
and e-commerce. For example, China's virtual reality market
is forecast to expand 54.45 billion yuan (US$7.9billion) by
2021.! However, even the populations and economies of VR
are rapidly growing in many fields, the most education
courses are not explicitly designed to apply VR. Some
universities started to use VR in virtual surgery medicine and
hazard experiment courses. The virtual reality research group
of East China University of Science and Technology in
Shanghai uses virtual reality technology to simulate the fire
scene, including the cause of fire and the response of the
injured and the reaction of the injured. The controller allows
delegates to explore and interact with a computer simulation
environment, such as opening a door or picking up objects
from the ground. In this way, firefighters can be trained to
conduct life-saving exercises in virtual scenes. The natural
human-computer interaction of virtual reality technology
greatly improve the degree of immersion.?

Flip classroom, as a means of increasing the interaction
between teachers and students, is popular nowadays. In a flip
classroom, students collaborate in group discussions instead
of listening lectures, carry out courses preparation at home

while engaging in discovering new concepts in the classroom.
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For instance, Gilboy [1] used a flip classroom in a nutrition
course. While organizing the curriculum, they divided the
learning content into three stages: before class, in class, and
after class. Before-class, the teacher uploads the video
containing basic knowledge and concepts to the learning
platform. Students need to preview the learning contents,
search for related information on the Internet, and write down
the questions they encounter. In class, the teacher and
students have face-to-face interaction and discussion of these
questions. The students are given individualized guidance to
clarify misunderstood concepts. Besides, they are divided
into groups and conclude the learning contents to reinforce
their memory by exchanging opinions. After class, students
are given a pencil-and-paper test to assess their learning
status. The results show that with this teaching approach not
only students’ learning results are increased, but also both the
students’ and the teacher’s satisfaction with the course tends
to be high [1].

However, it is hard to introduce this amazing approach to
e-learning context. One major problem is the enthusiasm of
teacher-student interaction discussion is relatively low in
online  flip classroom.  Therefore, reducing the
communication barrier between teachers and students is
important to apply flip classroom to online education context.
The application of VR technology with unique characteristics
can improve interaction online. For example, when students'
psychological space distance is large, students will be
unwilling to communicate and think that they are far away

from each other. What’ s more, when students have a large

psychological social distance, students are unwilling to take
the initiative to discuss problems with their classmates or ask
questions to teachers.

Therefore, this study incorporates VR technology to online
flipped class to increase the interactions among students and
teachers online. Our research question is whether
incorporating VR technology increase students’ engagement
in online flipped classes? By adding VR technology to the
e-learning context, the educational quality and students'
learning efficiency of online flip classroom might be
improved. At the same time, it can also avoid certain negative
effects of VR. Previous scholars have studied it has some
advantages, but it still has disadvantages. Whether the
flipping classes can be applied to online education are seldom
discussed. In the field of education, the application of VR
technology in experimental teaching has been investigated.
But so far, there is no research that combines online flip
classes with VR technology. This paper will combine the two
and promote this field.
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So that we investigate how VR can help students improve
their learning efficiency in online flipped class. Our
motivation is to explore the effects of VR technology in
online flip classroom through psychological distance
perspective. In the second part of the following section, we
will refer to the literature review. The third part is the
theoretical development and hypothesis. The fourth part is
the experimental design. And finally is the general discussion
and further study plan.

Il. LITERATURE REVIEW

A. Flipped Class in e-Learning

Previous research has indicated that flip classroom is an
instructional strategy and a blended learning that reverses the
traditional learning environment by delivering instructional
content, often online, outside of the classroom.? It moves
activities, including those that may have traditionally been
considered homework, into the classroom. But in this study,
the discussion of flip classroom will be adapted to an online
context. This means that in our context, teachers and students
do not have the opportunity to meet offline.

For online education, the most obvious benefit is that using
computers or other forms of technology can give students
practice on core content and skills while the teacher can work
with others, conduct assessments, or perform other tasks [2].
Modern educational technology can improve access to
education [3] and improved interactions between students
and instructors [4], and learning material can be used for long
distance learning and are accessible to a wider audience.
Course materials are easy to access [3]. Furthermore, the
development of educational apps generally has a positive
effect on learning. Previous studies reveal that the use of apps
on mobile devices reduces the achievement gap between
struggling and average students [5]. However, technology
itself, does not necessarily result in fundamental
improvements to improve educational practice [6]. Social
relationships are important but high-tech environments may
compromise the balance of trust, care and respect between
teacher and student [7]. Certain curriculum and teaching
methods are also superior, and this could eventually wash
over (or possibly washing out) local educational institutions,
cultural norms and educational traditions [8]. What’s more, it
may also increase potential for cheating.*

As for offline context, teaching and learning by
face-to-face is essential for some people to learn effectively.
Getting instant answers, and developing a support network
with fellow students, teachers and the training provider as a
whole. At the same time, students can stay motivated because,
in order to complete the course, they have to attend a certain
number of sessions .°> For the drawbacks, firstly, it can bring
back uncomfortable memories of times spent in school, as
well as it can make participants feel cloistered and closed.*
Secondly, the cost of school equipment and the transportation
of students may relatively high. Thirdly, for students who

*https://en.wikipedia.org/wiki/Flipped_classroom
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have difficulties in their lives, or work and family
commitments, missing a few sessions can lead to the sense of
‘no point carrying on, I’ve missed too much’. Because they
have no way to study online.

B. VR, MR and AR Technology

Virtual reality (VR) is the use of computer graphics
systems in combination with various display and interface
devices to provide the effect of immersion in the interactive
3D computer-generated environment [9]. We call such an
environment a virtual environment (VE). Research and
development into VR and VE applications can be found in
many places all over the world. Mixed reality (MR) refers to
the incorporation of virtual computer graphics objects into a
real three-dimensional scene, or alternatively the inclusion of
real-world elements into a virtual environment [9]. The
former case is generally referred to as augmented reality, and
the latter as augmented virtually [9]. Augmented reality (AR)
is an interactive experience of a real-world environment
where the objects that reside in the real-world are
"augmented" by computer-generated perceptual information,
sometimes across multiple sensory modalities, including
visual, auditory, haptic, somatosensory, and olfactory.® The
overlaid sensory information can be constructive (i.e.
additive to the natural environment) or destructive (i.e.
masking of the natural environment) and is seamlessly
interwoven with the physical world such that it is perceived
as an immersive aspect of the real environment [10].

Suppose the teachers and classmates are put into the same
space by holographic projection technology in the on-line
flipping class. For teachers, the effect of teaching and the
attraction of the classroom will be enhanced. For students,
they can focus more on learning and thus their learning
efficiency will be improved. The second aspect is students’
psychological distance with teacher. Moore (1973) regarded
distance education as a transaction and asserted that the
physical separation in distance education leads to a
psychological space of potential misunderstandings and a
communication gap (i.e., transactional distance) between the
instructor and the learner [11]. Therefore we propose that VE
technology will shorten the psychological distance between
teachers and students. The next aspect is students' attention is
different in virtual and non-virtual environments. The last
aspect is application of VE in Network education platform.
Increasingly scientists are using virtual technology for
visualization and in particular as a teaching aid [12]. But
virtual technology is also facing a lot of obstacles. For
example, the supply and price of equipment, and students'
physical adaptation (long periods of time may cause vertigo).

In summary, prior research has shown that it is important
to apply VR technology to online education, and many
previous studies have been investigated this phenomenon.
The main problem lies in three aspects, the first is the
maturity and price of technology, the second is whether
teachers can adapt and apply the technology well, and the
third is the most critical point, how technology improve
students’ learning efficiency. Students' learning motivation is
the main factor affecting the reduction and completion rate of

® https://en.wikipedia.org/wiki/Augmented_reality
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online courses, and the lack of motivation is also related to
the high dropout rate [12].

I1l. RESEARCH MODEL AND HYPOTHESIS DEVELOPMENT

A. Psychological Distance Theory

In this situation, the psychological distance is the
psychological distance among students and teaching
objectives, which include teachers and learning contents. The
psychological distance will influence the students' immersion
and participation, so as to imagine whether it will have an
impact on the learning efficiency.

Social distance refers to teacher-student interaction and
observation, including emotional and behavioral aspects. For
example, in flipping the classroom, the VR technology has
the ability to let the teacher know the students' emotions and
focus in time, the students can also observe the teacher's state
of the class for interactive communication. Spatial distance
refers to the psychological distance between two people in
different spaces. This paper refers to the psychological
distance between students and teachers and classmates in
virtual classroom. VR technology allows everyone to be in
the same space and close to the distance between the students
and the teacher. While, hypothetical distance refers to the
certainty or acceptance of learning content or results.

B. VR Features

VR has its unique features with different degree of
immersion. Virtual reality environment is also the ability to
visually depict and interact with spatial representations of
abstract concept [13]. In this paper, immersion and
participation are directly related to each other, thus affecting
the interaction between students and platforms and teachers.
According to the characteristics of VR, we propose three
dimensions of immersion: mental immersion, spatial
immersion and kinesthetic immersion. Immersion into virtual
reality is a perception of being physically present in a
non-physical world. The perception is created by
surrounding the user of the VR system in images, sound or
other stimuli that provide an engrossing total environment.”
For instance, the use of VR technology in online flipping
classes can give a person the feeling of interacting in a real
classroom, with feeling and touching the taught instrument.

In this scenario, students can choose between space
scenarios (e.g., libraries, public lounges, classrooms, cafes,
etc.). Different scenarios may have different effects on
students and teachers. And kinesthetic immersion includes
subjective feelings such as tactile, which mainly emphasizes
a series of reactions produced by students when their bodies
participate in classroom interaction.

C. Hypothesis Development

Combined with our previous research on the technical
characteristics of VR and the definition of psychological
distance, we think that there exists a certain logical
relationship between them. We assume that the feature of VR
can reduce psychological distance and thus increase student
participation. Zhigeng Pan (2006) developed a teaching

Thttps://en.wikipedia.org/wiki/mmersion_(virtual_reality)#Perception
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software for virtual reality technology, which they believe
students can learn by working in groups to enhance their
social skills in the process of learning using the software [9].
Therefore, we assume that:

H1 Mental immersion can reduce students' social distance.

Their research also collected learning feedback from
involved students, and the teacher said virtual reality
technology strengthens students’ co-operation. Therefore, we
assume that:

H2 Reduced social distance can enhance participation.

Virtual reality technology can make students and teachers
in the same space to a large extent, and the spatial distance
between them is reduced. Prior study illustrate that the
greatest advantage of virtual reality technology is that it is
economical, efficient, that people no longer have to go to the
same place to meet, and that they are better able to immerse
themselves in the educational environment and social
learning [14]. Today, many businesses use VR or 3D
surround technology to enhance the audience's spatial
immersion. Therefore, we assume that:

H3 Spatial immersion can reduce the sense of space
distance.

Sonja Kotz proposed that, in comfortable space distance,
people will be more pleasant to get along with others [15]. In
the case of a shorter space distance, students may remain
motivated. So we put forward the assumption that:

H4 Reduced spatial distance can enhance participation.

Zhigeng Pan (2006) designed a virtual bowling game
machine [9]. Players throw a real bowling ball,
systematically analyze the trajectory parameters, and display
the results on a large screen. Given the need for real-world
equipment to use the virtual gaming system, and virtual
scenes combined with real bowling can greatly increase
augmented reality and thus reduce uncertainty. Similarly,
kinesthetic perception is also a hot issue in the field of
education. Kinesthetic learning is a learning style in which
learning takes place by the students carrying out physical
activities, rather than listening to a lecture or watching
demonstrations. Ben-Zion (1999) defines exercise learning
as a process of generating a new understanding through
learners' participation in physical movement [16]. We
propose the following assumptions:

H5 Kinesthetic immersion can reduce uncertainty about
the results.

When a teacher asks a question in class, if the answer is
uncertain, the students are less motivated to answer it. If itis a
question of high certainty, the students will scramble to
answer it. There is an interesting phenomenon on China's
famous question-and-answer website, Zhihu app: the simpler
the question, the more people answer it, and the fewer people
who answer the more professional questions.

H6 Higher levels of information uncertainty can reduce the
level of participation.

Previous literature found that students with low classroom
participation were more likely to drop out of school and those
with higher participation were more likely to complete their
studies [17]. Therefore, we assume that:

H7 High participation can enhance learning efficiency.

From the above hypothesis, we propose the following
proposed model:
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Fig. 1. Proposed model.

IV. EXPERIMENT DESIGN

We're going to use experiments to verify the proposed
model. The reason for using the experimental method is that
the experimental results can be more scientific and rigorous
than other survey methods.

Specify stimulation and rating: divided into 4 groups with
VR and no VR devices (3 groups with VR device variables, 1
group without VR devices).

We will control the variables in the experiment, including
other factors except VR, such as the time point of the
experiment, the length of the experiment time, the
temperature and humidity of the laboratory, and so on. In the
selection and distribution of experimental subjects, we are
going to select 20 males and 20 females from the same
university to participate our pretest. The experiment will be
divided into two large groups: the first group will use VR
devices (which were divided into three groups to test three
kinds of immersion), and the second group will not use VR
devices. The experiment will let participants learn new
knowledge in the online flipped class course. Participants
will be asked to complete the 10 multiple choice questions
after class test to see the psychological distance and their
satisfaction towards the class.

Experimental design procedure is that, participants go to
the laboratory in 4 batches to wait for the experiment and fill
in the basic data.

1) The first large group carries out tests with VR devices.

The first group carries out mental immersion variable
(Communication situation between people in 3D
Environment) control. Participants will learn new knowledge
in online courses and complete 10 multiple choice questions
after class.

The second group controls spatial immersion variables
(changing learning scenarios in equipment, such as library
playground lounge, etc.). After learning new knowledge in
the online course, participants will complete the 10 multiple
choice questions test after class.

The third group controls kinesthetic immersion variables
(such as virtual blackboard: the teacher writes on the virtual
blackboard and automatically saves blackboard pictures after
class). Participants will learn new knowledge in online
courses and complete 10 multiple choice questions after
class.

2) The second large group tested without VR devices

Participants use computers to learn online flipped classes
course without using VR devices.

Manipulation Check: We will check whether the three
groups of stimuli can reflect the differences of the three kinds
of dimensions during the experiment.
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Social distance and hypothetical distance measurement
items are adapted from Peter R. Darke [18]. Spatial
distance is adapted from Yoav Bar-Anan and Nira
Liberman [19].

V. DIsCcusSION

In this study, we find that VR technology has many
characteristics in the online flip classroom, especially in
mental immersion, spatial immersion and kinesthetic
immersion, which affect social distance, spatial distance and
hypothetical distance, respectively. From this series of
interactions, we make the assumption that VR technology can
improve students' participation in online flipped class. This
study mainly investigates whether the use of VR technology
in online flip classroom can improve students' learning
efficiency. This study combines the concept of flipped
classroom and the psychological distance theory in online
education context, with incorporating the features of VR
technology. It expands the applicable range of psychological
distance theory. At the same time, this paper also puts
forward the three characteristics of VR: mental immersion,
spatial immersion and kinesthetic immersion. Among them,
kinesthetic immersion is developed accounting to the unique
characteristics of VR context. As for practical implication,
the different functions of VR can meet the different needs of
the students. When students need to improve their sense of
distance, the platform can use VR's spatial immersion to help
reduce spatial distance. For teacher and students, importing
VR technology into the classroom can not only help solving
existing problems, but also change the classroom into a
highly interactive space to educate. Different teaching
scenarios can use different functions. VR technology can not
only benefit online platforms, but can also bring some
business opportunities for related technical companies. These
company can develop VR related tools for proving better
usage experiences for both online platforms and students.

At present, we have designed the pretest part. There are
still some problems about the practical application and
implementation of VR in online flipped class to be discussed.
As mentioned earlier, there are still many aspects of the
e-learning system that need to be improved. Therefore, future
research needs to be combined with experimental results and
platform applications to verify our vision.
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the students. When students need to improve their sense of
distance, the platform can use VR's spatial immersion to help
reduce spatial distance. For teacher and students, importing
VR technology into the classroom can not only help solving
existing problems, but also change the classroom into a
highly interactive space to educate. Different teaching
scenarios can use different functions. VR technology can not
only benefit online platforms, but can also bring some
business opportunities for related technical companies. These
company can develop VR related tools for proving better
usage experiences for both online platforms and students.
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