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Abstract—Motivated by a desire to apply Computer Science 

and Virtual Reality (VR) technology due to the need for improving 

secondary school education in Malawi, this paper presents a 

prototype of a synchronous multi-user cross-platform real-time 

3D VR application. This tool can be used by VR application 

developers in assessing the feasibility of using VR technologies for 

secondary school teaching in Malawi. The prototype VR 

application illustrates the capabilities of the proposed 

development tools, as well as how the proposed technologies can 

be utilized in a design and implementation that accounts for the 

context of Malawi, where access to electricity and internet services 

are a challenge for many. 
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I. INTRODUCTION 

A variety of domains and fields are aided by Computer 
Science and its associated technologies, in order to develop [1], 
and technology has had influences in significant development in 
the education sector [2]. As a result, this paper discusses a study 
in which a prototype VR application for education was 
developed in relation to the need for improving secondary 
school education in Malawi by applying VR technology. 

II. RESEARCH PROBLEM AND SIGNIFICANCE 

In the Malawi Growth and Development Strategy (MGDS) 
III document, the Malawi Government [3] stated that one of its 
desired outcomes in relation to development is “improved 
quality of secondary school education” [3]. Considering the 
benefits of VR in education, such as increased student 
motivation [4], the use of real-time interactive 3D environments 
simulated using VR technology, as a tool for teaching, can be 
considered as a possible solution to enhancing the secondary 
school curriculum in Malawi. However, documented evidence 
regarding the use of real-time interactive 3D environments 
simulated using VR technologies for education in Malawi was 
not found. In the field of Software Engineering, a feasibility 
study is an activity which is carried out to determine if it is 
feasible to utilise and/or develop a particular system [5]. 
Therefore, considering the apparent lack of  information relating 
to any tools and VR technologies that can be used to assist VR 

application developers in carrying out a feasibility study relating 
to real-time 3D and VR technologies within the context of 
Malawi, this paper proposes tools and VR technologies that can 
be developed and utilised to aid VR application developers in 
the process of assessing the feasibility of employing real-time 
interactive 3D environments simulated using VR technologies, 
for secondary school teaching within the context of Malawi. 

This paper adds onto the knowledge base of research 
focusing on VR in education by discussing the potential benefits 
of utilizing multiple VR devices and platforms in education 
because the VR application discussed in this paper consists of 
cross-platform utilization of VR devices, thereby contrasting 
how a lot of research into VR in education often compares 
different VR platforms and devices with the aim of 
recommending a suitable platform as opposed to highlighting 
how different VR platforms can complement each other. 

III. RELATED WORK 

VR is considered to have the potential to significantly 
change teaching and learning [6]. VR can be defined in several 
ways [7], such as the simulation of an environment or the 
simulation of an experience [7], [8]. According to Makransky 
and Lilleholt [7], VR platforms can be categorized as “Cave 
Automatic Virtual Environment (CAVE), Head Mounted 
Displays (HMD) and desktop VR” [7]. CAVE VR platforms 
consist of images projected onto multiple screens setup to 
surround the user [9], [10]; HMD VR platforms are comprised 
of a wearable device or headset, in which images are projected 
onto displays situated in front of the user’s eyes [11], and 
desktop VR platforms provide a VR experience through a 
traditional computing device such as a desktop computer or a 
laptop [12], using a standard display device such as a computer 
monitor [8], [11], [12]. 

Some benefits of applying VR to education are increased 
student motivation [4], [13]; and the possibility of experiential 
learning [14], [15]. Southgate, et al. [16] utilized the Oculus Rift 
HMD VR device, which high school students used to collaborate 
in a multi-user three-dimensional environment via a computer 
game titled Minecraft [16]. Southgate, et al. identified a number 
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of challenges  regarding the use of VR within this context [16]. 
For instance, Southgate, et al. [16] noted that due to the hardware 
used, the activity could not be conducted in the classroom and a 
separate room was needed. Another challenge was access to Wi-
Fi internet, with Southgate, et al. [16] noting that the computer 
game used needed a connection to the internet for the multi user 
functionality. Mas, et al. [17] developed a collaborative VR 
application called Indy for industrial training purposes [17]. This 
tool enables multiple users to collaborate within the same virtual 
environment through HMD VR devices and desktop computers 
simultaneously via a network [17]. According to Mas, et al. [17], 
their application was developed using the Unity3D game engine. 
A game engine can be referred to as “software that is extensible 
and can be used as the foundation for many different games” 
[18]. Game engines can ease the development of network based 
VR applications [19]. 

Malawi is one of the most underdeveloped countries [3], and 
education is an important factor in its development [3]. In 
recognizing that there is a need to improve the education system 
in the country, technology is a key tool in this [3]. Regarding 
technology usage in education in Malawi, Pankomera and Van 
Greunen [20] state that one of the challenges faced regarding the 
use of Information and Communication Technologies (ICT) is 
computer illiteracy amongst a significant number of teachers, as 
well as the cost of technologies and services such as the internet, 
and limited coverage and access to electricity and 
telecommunication services by large parts of the population 
[20]. In this regard, according to a report titled 2021 Malawi 
Education Statistics Report by the Malawi Ministry of 
Education [21], “67% of secondary schools” [21] have access to 
Malawi’s electricity supply grid, which itself has some capacity 
and reliability challenges [3], [20]; while “18%” [21] of 
secondary schools in Malawi have no access to any kind of 
electricity supply. Some of these challenges are also highlighted 
in a 2021 World Bank report which states that in Malawi, there 
is a low provision of individuals skilled in the use of digital 
technologies [22]. Furthermore, the same World Bank report 
also echoes Pankomera and Van Greunen and the Malawi 
Ministry of Education  by stating that high cost internet services, 
low access to electricity by a large part of the population and the 
high cost of relevant digital devices, are challenges faced in 
Malawi in relation to access of digital technologies and services 
[22]. 

IV. METHODOLOGY 

The study discussed in this paper adopts a case study 
approach, which consists of investigating a circumstance which 
has very little known about within a specific context [23]. In this 
case the circumstance is the utilisation of VR technologies 
within the context of secondary school teaching in Malawi. This 
study also employs methods from Software Engineering, a 
discipline in computing with a focus on “software production” 
[5]; Human Computer Interaction (HCI), which has a “focus on 
the design and usability of computing systems” [24]; and 
Interaction Design, which  focuses on “designing interactive 
products” [24] with the aim of aiding “how people communicate 
and interact” [24] as they go about their daily and professional 
lives [24]. 

A. Data Collection 

When designing an “interactive product” [24], it is crucial to 
account for how, where and by whom the product will be used 
[24]. Teachers are well placed to provide significant insights into 
the applications of technology to education [25], however, they 
are rarely involved in the design process of learning based 
software [25]. Therefore, involving teachers in the development 
process of software designed for educational purposes is 
important [25]. The study discussed in this paper proposes that 
VR application developers take a “user centred design” [24] 
approach, where intended users are involved in the development 
and design of the interactive product [24]. Working with the 
school educators in Malawi during a feasibility study 
underscores the importance of involving teachers in the design 
and development of software for educational purposes [25]. 
Gaining good knowledge and understanding of potential users 
within the context in which they belong to and operate in, can 
result in effective user experiences for “interactive products” 
[24]. VR application developers can utilise questionnaires as a 
tool to gain insight into the use of VR technology by secondary 
school educators in Malawi. Questionnaires can be used to 
collect data in relation to perceptions and views that research 
participants have in relation to the subject matter [24]. A 
questionnaire was developed as part of the study discussed in 
this paper, which was designed to be used to assess the extent of 
knowledge; experience; and interest in digital and VR 
technologies amongst secondary school educators in Malawi. 

Considering that the study discussed in this paper was 
carried out in England during the COVID-19 pandemic, travel 
to Malawi was a challenge. Therefore, the questionnaire was 
designed to be administered remotely. The questionnaire was 
intended to be administered as a Microsoft Word document, 
enabling participants to complete it offline. This is a similar 
approach to the one taken by Gondwe [26], who had initially 
administered an online questionnaire via Google Forms to 
student teacher trainees in Malawi. However, at the request of 
the research participants, Gondwe had to then administer the 
questionnaire as a Microsoft Word document via WhatsApp, for 
offline completion due to concerns from the research 
participants regarding the cost of internet services [26]. 

A trial run to identify any potential problems with 
questionnaire, as well as to assess the potential viability of the 
chosen approach, before it was to be applied for primary data 
collection in Malawi, was initiated with school educators from 
England as research participants, which included  teacher trainee 
students; university lecturers involved in teaching teacher 
trainees/students; and secondary school teachers. To take part, 
individuals must initiate contact with the researcher, upon 
coming across a request for research participants, which was 
disseminated through various departments and individuals 
within the University of Hull in England. This effectively 
consisted of elements of convenience sampling and snowball 
sampling approaches [27]. 

B. The Prototype VR Application 

In Software Engineering terms, a prototype is “an initial 
version of a software system” [5], which can be used to 
investigate a problem and potential solutions to that problem [5]. 
In Software Engineering, requirements are informed by the 



 

 

needs of the intended users of a system [5], and requirements 
engineering is a process in which the aim is to develop and 
maintain a “system requirements document” [5], of which a 
feasibility study is the initial process of requirements 
engineering [5]. To adequately involve secondary school 
educators in the development process of  VR applications for 
use in Malawi, the study discussed in this paper proposes the 
development and use of VR application prototypes as a tool for 
the communication of ideas between VR application developers 
and the secondary school educators when carrying out a 
feasibility study in Malawi. Prototypes can also be used to assess 
the “technical feasibility of a suggested design and its 
production” [24]. Therefore, regarding VR technologies and 
systems, of which there is seemingly no evidence relating to 
usage in school education in Malawi, a prototype would be 
useful for carrying a feasibility study. 

Off the shelf software applications can be used for VR in 
education, just as the Minecraft game was used by Southgate, et 
al. [16]. However, the study discussed in this paper proposes that 
VR application developers develop prototypes for use 
specifically in carrying out a feasibility study in Malawi, to 
account for and showcase how the proposed VR technologies 
could potentially be used within the context of Malawi. 
Pankomera and Van Greunen [20] note that the application of 
ICT in a developing nation like Malawi should take into account 
the context of the specific country as opposed to simply 
replicating approaches that might have been taken in a more 
developed country [20]. Sharp, et al. [24] also note that 
accounting for context, including issues such as “cultural 
differences” [24] is important when designing interactive 
products, since what might have been proven to work for a 
particular group may not be suitable for a different group [24]. 
Accessibility and inclusion also need to be considered, where in 
relation to interactive systems, accessibility consists of ensuring 
that the “product is accessible by as many people as possible” 
[24], and inclusiveness refers to “being fair, open, and equal to 
everyone” [24]. Considering that the most widely used language 
in Malawi is Chichewa [28], [29]; although the dominant 
language of instruction in education in Malawi is English [28], 
the issue of language localization would also need to be 
considered in relation to accessibility and inclusion, more so 
because Chichewa is a taught subject in secondary schools in 
Malawi [21]. 

The prototype VR application presented in this paper was 
developed to illustrate a prototype which accounts for the 
challenges faced in Malawi in relation to the use of Information 
and Communication Technologies. This study identified key 
requirements of the prototype from some of these challenges in 
relation to the context of Malawi as follows: 

• It should showcase a design and implementation that 
does not rely on electricity from the national electricity 
grid in Malawi. 

• It should showcase a design and implementation which 
considers usage in a classroom environment in the 
context of Malawi. 

• It should showcase a design which does not rely on the 
internet for network connectivity for multi-user 
collaborative experiences. 

• It should utilise cost-effective tools and technologies. 

• It should showcase the potential for developing 
accessible and inclusive features. 

The Unreal Engine 4 game engine was used to develop the 
prototype VR application,  because it provides a project template 
known as the Collab Viewer [30], which provides 
implementation for functionality that enables multiple users to 
interact within the same 3D environment via a network, using 
desktop VR and HMD VR devices [30]. This prototype was 
built on top of this template to accelerating the development 
process. In addition, the Unreal Engine is free to use for non-
commercial products and provides access to all of the source 
code [31], making it ideal for prototyping. 

The prototype application was designed and developed to 
support HMD devices, exemplified by utilising the Oculus 
Quest, a standalone HMD device which does not need to be 
connected to any other device to be used [32], as shown in Fig. 
1. Desktop VR devices are also supported, exemplified by 
utilising Windows computers as shown in Fig. 2, and Android 
mobile devices as shown in Fig. 3. Supporting different devices 
opens up the possibility of enabling users who might otherwise 
have challenges using a specific device, to still use the 
application with alternate devices [24]. Therefore, the design 
and implementation presented in this prototype showcases the 
potential for designing and implementing accessible and 
inclusive features using the proposed technologies. 
Furthermore, the Unreal Engine provides language localization 
tools as part of the engine [33], making the Unreal Engine an 
ideal development tool for developing VR applications that need 
to support multiple languages. 

Reliance on the internet or an existing network infrastructure 
for collaborative experiences is avoided by enabling multi-user 
functionality through a local area network setup on a router, with 
users on different devices interacting together via this local 
network. This also minimizes cost while also accounting for the 
fact that classrooms are social environments [16]. 

Functionality in which users can interact with the 3D 
environment by contributing to the construction of a house like 
structure, as shown in Fig. 1, and Fig. 2, was implemented using 
the Easy Building System v10 Unreal Engine 4 asset [34], which 
was available for free from the Unreal Engine marketplace [35]. 
This showcases not only some capabilities of the proposed 
development tools, but it also highlights some of content that is 
readily, and in this case, freely available within the eco-system 
of the proposed set of development tools, which can further 
accelerate and ease the development process for VR application 
developers. 



 

 

 

 

The prototype VR application presented in this paper was 
designed and implemented to support different types of devices, 
specifically portable and mobile devices such as Android phones 
and tablets, as well as standalone HMD devices, all of which do 
not need a constant connection to an electricity outlet to be used. 
This showcases how the issue of not needing to rely on the 
national power grid for electricity can be addressed. 
Furthermore, the standalone nature of an HMD device like the 
Oculus Quest also addresses the issue of cost since it does not 
need to be tethered to other devices, while ensuring that we can 
take advantage of the immersive features of the device. 

V. CONCLUSION AND FURTHER DEVELOPMENT 

Due to the apparent lack of documented evidence regarding 
the utilisation of real-time 3D environments simulated using VR 
technologies for education in Malawi, this paper proposed tools 
and VR technologies that can be used and developed by VR 
application developers to aid in the process of assessing the 
feasibility of utilising real-time interactive 3D environments 
simulated using VR technologies for secondary school teaching 
in the context of Malawi. This paper presented a VR application 
prototype that can be used as tool for communicating ideas 
between VR application developers and school educators in 
Malawi, within the context of Malawi. Furthermore, this paper 

proposed the use of the Unreal Engine, a tool that can be used to 
accelerate and ease the development of a prototype networked 
VR application supporting multiple devices. In future, the 
prototype will be iterated on, with the aim of developing a 
functional VR prototype application that can be used as a tool to 
carry out a feasibility study of employing real-time 3D 
environments simulated using VR technologies, for secondary 
school teaching in Malawi. 
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