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Abstract: The use of e-learning as online learning in educational institution can provide ease of access to learning materials for 
students. They can do online activities in virtual environment. Combined with immersive technology such as Virtual Reality (VR), the 
online learning experience can be enhanced.   A Multi-User Virtual Environment (MUVE) using VR application can be used to create 
authentic and immersive learning experience. Based on students’ interest and teachers’ opinion in previous surveys, this study 
proposes a design of MUVE using VR application for learning English. The detail of design will be explained using three approaches 
i.e. architecture diagram, use-case diagram, and interaction model flowchart. Although there are limitations in this proposed design, 
the main functionalities and interaction models are well-defined in this study. 
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1. INTRODUCTION 
Technology has been used in many ways to help 

students and teachers’ activities in the classroom. For 
example, the use of e-learning as online learning in 
educational institution  which provide virtual environment for 
students to access materials, collaborate, and discuss [1]–[3]. 
The immersive technologies such as Augmented Reality 
(AR), Virtual Reality (VR), and Mixed Reality (MX) are also 
used to help teachers to explain learning materials with 
visually attractive models [4]–[6]. By using these 
technologies, a good learning experience can be achieved.  

Previous studies on VR technology stated that learning 
using VR can enhance learning activities and learning 
experience [7][8]. Students can obtain immersive learning 
experience and actively participate in teaching and learning 
activities [9], [10]. By using VR as an immersive technology 
and the nature of e-learning as online media, this study tries to 
design a Multi-User Virtual Environment (MUVE) to learn 
English using VR application.  

In the previous research, two surveys have been 
conducted to get information about students’ interest on 
learning English using VR in a Senior High School (SHS), 
Yogyakarta and to get teachers opinion on using VR as 
supporting tools in their class. From 100 students who filled 
the questionnaire, about 80.8% students are interested to learn 
English using VR. They also feel that VR helped and 
motivated them to learn. This result is supported by the 
teachers’ opinion that 100% of 45 teachers believed that VR 
can be used as supporting tools to help them to teach in the 
class. Based on these result this study tries to propose a design 
of MUVE using VR application to learn English. 

2. RESEARCH FOCUS 
This study tries to propose an architectural design of 

MUVE for learning English using VR application. The design 
will be focused on the important functionalities of VR 
application and the interaction model between students and 
teacher. 

3. METHOD 
The application design is created to understand the 

requirement specification of MUVE using VR application and 
the interaction models. In this study, the design process is 
conducted in three approaches i.e. designing the architecture 
diagram, mapping users’ action and application 
functionalities, and determining interaction model between 
users. The architecture diagram presents elements and their 
relations to serve users’ request from the application. 
Additionally, the details about handling application request 
and synchronizing data are also discussed.  

The users’ action and application functionalities are 
described using use-case diagram. The added value of using 
use-case diagram is that it can be used to analyze the system 
requirement and identify its important functionalities [11], 
[12][13]. This approach is used to specify actions that might 
be done by each user, especially students and teachers. Each 
defined use case is based on interaction models which were 
described using flowchart. There are two interaction models 
proposed in this design i.e. learning model and test model. 
The design is focused on these interaction models. 

4. DISCUSSION 
This section discussed the details of each approach used 

in design process. 
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4.1 Architecture Diagram 
The architecture diagram is a graphical representation to 

describe components and the relation between components 
that are used by the application to handle users’ request.  The 
diagram is displayed in figure 1. 

 

Figure. 1  Example of an image with acceptable resolution 

Based on figure 1 there are two applications that might 
be required to create MUVE using VR and also manage the 
users’ data by online i.e. the VR mobile application and data 
web portal. 

1)  VR Mobile Application: The VR mobile 
application is an application designed to run in the 
students’ mobile device to learn English and also 
do the test. To display the VR content correctly, the 
students are required to use cardboard VR with 
their mobile devices. All multimedia elements such 
as text, image, video, 360 video are supported. The 
application offers functionalities that can be used 
online or offline. For example, the students can 
learn learning materials and do the individual 
exercise offline. After having finished, they can 
sync their progress to the application server. Online 
activities, such as group test, can be done in 
classroom. Teachers can guide students to join a 
specific class and do the prepared test. The 
question type may be in the form of multiple 
choice or fill in the blank. As stated in previous 
research [14], this online activities might required 
an internet connection to create good learning 
experience. 

2)  Data Web Portal: The web portal is an application 
used to manage all data used in VR application. 
Teachers can use it to manage the lesson materials, 
update their question bank, prepare the test, and 
view the students activity. Unlike the VR mobile 
application, this application does not need to be 
synced. The user can open it through desktop 
browser or mobile browser. 

The API server in figure 1 is used to bridge data 
interchange between application database, the VR mobile 
application, and also external applications used by school. For 
example, if the school has teacher portal to submit lesson 
grades and record students’ attendance, the students’ grade 
from this application can be synced to that portal. 

4.2 Use Case Diagram 
In this proposed design, the use case diagram is focused 

on student and teacher’s action. The use case diagram is 
displayed in figure 2. 

 

Figure. 2  The use case diagram 

As displayed in figure 2, the student and the teacher 
have different actions in accordance with their role. The 
teacher can manage lesson materials, submit test question in 
question bank, prepare the test, and also views students’ test 
score. On the other hand, the student can access the lesson 
materials, do offline exercise, view available online test 
created by the teacher, do online test, view feedback and test 
score, view test leaderboard, and also view other students’ 
status. However, the interaction between student and teacher 
is still limited. Although the students can do the test 
simultaneously, they cannot communicate with the teacher 
directly using the VR application. 

4.3 Interaction Models 
As mentioned earlier in methods, there are two 

interaction models used in this design i.e. students learn and 
practice English by themselves using VR application and 
students do the test together with other students using VR 
application. The interaction model of self-learning is shown in 
figure 3 whereas the interaction model of group-learning is 
shown in figure 4. 

The self-learning model in figure 3 describes the 
learning interaction between a student and a teacher. A 
student can learn and do exercise using VR application by 
himself as long as he wants or as approved by the teacher. 
However, he cannot ask the teacher directly from application. 
The communication between the student and the teacher is 
limited in this model.  

The group-learning model in figure 4 describes the 
learning interaction among students and between students and 
a teacher. The interaction among students are created after the 
students have entered the test room. The students can see 
other students’ progress during the test. However, they cannot 
communicate through the application. This is also applied to 
the interaction between the students and the teacher. Although 
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the teacher can see the students’ progress, the teacher cannot 
interact with them through the application. But, since this 
model is used in the class activity, they still can communicate 
to each other directly. 

 

Figure. 3  The interaction model of self-learning 

 

Figure. 4  The interaction model of self-learning

5. CONCLUSIONS 
In summary, MUVE using virtual reality is possible to 

be implemented using the proposed design. However, the 
interaction among students and also between students and 
teacher are still limited in this design. In future research, a 
prototype application of this design might be required to 
simulate the designed functionalities and also to measure the 
application performance in mobile device. The VR mobile 
application will be installed in students’ device. Therefore, it 
is recommended to test the application performance in several 
mobile devices due to the hardware specification differences 
in every device. 
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