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ABSTRACT 

The COVID-19 pandemic halted learning across all tiers of schools in Nigeria. This situation forced all schools 

to depend on the use of virtual learning platform to forestall a total halt of the educational sector in the country. 

However, with the gradual reopening of academic activities amidst the COVID-19 conditions of social 

distancing and restrictions to gathering that cannot exceed some pre-set number, there lies the problem of how 

schools will deliver the curriculum successfully to their population that had tremendously exceeded the number 

of students that could be in a class when all these measures are applied. To this end, this paper tends to proposes 

a virtual learning architecture using Cisco Packet Tracer, which is a layout of equipment and devices that relies 

on Internet and Intranet for connectivity between instructors and learners in the delivery of the curriculum 

without going foul of the COVID-19 measures. The proposed architecture will be less dependent on data and 

accessibility will be assured anywhere within the school premises and environ. 
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Introduction 

COVID 19 emergency affected virtually all aspect of Nigeria’s economy. Amidst the worst hit is the educational 

sector owning from the fast rate of reproduction of the virus that led to the lockdown of the educational sector 

and other sectors. With this lockdown, the conventional way of teaching and learning is no longer applicable. 

This opened up research for alternative means of curriculum delivery for all tiers of schools within the 

nation(Aina & Opeyemi, 2020). Owing to the fact that virtual learning is not commonly placed in Nigeria's 

higher institutions, the pandemic opened up the development of virtual learning architectures. These virtual 

learning platforms have changed the perception of teaching during this time so much that institutions across the 

nation had seen the potentials of delivery curriculum effectively without boundaries of classes or limitations to 

the number of students that could be thaught at a time(Ravi, R; Parthasarathy, M; Ananthasayanam, 2009). As 

the pandemic is gradually ending and normalise is returning to the educational sector in Nigeria, many 

institutions are looking for ways of delivering the curriculum to achieve collaborative teaching and lack of 

interaction (that is a restriction to the gathering) as stated by (Obasa et al., 2011). The existence of few 

architectures (Alharbi & Jemmali, 2017)for virtual learning had given birth to the development of this 

architectures to build a robust learning platform that will demand little or no data cost and accessibility for all 

learners within Nigeria by considering the internet connectivity issues in some areas within the nation. 

Literature Review 

Robust teaching/learning, distance learning and most recently pandemic are some of the reasons for virtual 

learning or e-learning architectures or platforms. According to (Aina & Opeyemi, 2020) the COVID19 

pandemic period is a typical time when the conventional learning method had failed and therefore the need 

virtual learning method that ensures social distancing and restrictions to gathering. (Fakeeh, 2017) developed a 

virtual classroom model that uses Bio-inspired Algorithms based on four conditions; human to machine, 
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machine to human, human to human and machine to machine. Similarly, (Obasa et al., 2011) developed an 

integrated virtual classroom system that uses a multiple-tiers application that comprises of Client-Tier (CT) and 

Web-Tier (WT) and the Enterprise Information System-Tiers (EIS). In the architecture, the CT application gives 

a Graphical User Interface to the end-user. This is achieved using any web browser of choice. The WT holds 

data models of the business data, presents it to the client through the HTML/PHP pages, accepts and analyses 

the user input, then passes the user's request to the EIS for processing and forward response back to the client. 

All the architectures discussed are internet-dependent and their usage could not be adequate where internet 

facility is not available or weak. Furthermore, there exist in literature few virtual learning architectures that 

provide inclusive and collaborative learning, hence there is a need for the development of more inclusive ones 

that rely less on the internet for its functionality.
 

Virtual Learning Architecture (VLA) 

 

Fig 1: VLA Architecture.  

The VLA architecture shown in fig: 1 above is intranet and internet-based. The intranet provides connectivity 

for on-campus access of the learning materials and teaching at no data cost while the internet provides access for 

off-campus connectivity via the institution’s gateway at a data cost based on the Internet Service Provider (ISP) 

used. The components of the architecture are: 

The Intranet Components 

i. The Radio: The radio is used to achieve a campus-wide wireless local area connectivity for all 

devices.
 

ii. The Switch: The Switch is configured as a Virtual Private Network (VPN) that provides connectivity 

between the institution and the outside world via the institution gateway. The switch connects the 

radio, servers and cloud network. It also facilitates the flow of data to and fro the cloud (internet) 

to the servers via the institution gateway. 

iii. The Servers: The architecture uses two servers namely; the authentication server and the repository 

server. 

a. The Authentication Server is used to authenticate all users; lecturers and students connecting 

via the internet or intranet. 



              Proceedings of the 2nd International Conference, The Federal Polytechnic, Ilaro, 10th – 11th Nov., 2020 
 

2222      Olawale Ogunyinka MNSE & Michael Taiwo 

 

b. The Repository Server is used to warehouse learning materials (video and text) and to 

initiate live lectures that students can connect to. For the flow of learning, materials lectures 

upload to the repository server while students download form the server.
 

iv. Location Routers: These are wireless routers positioned in various locations (classroom and hotspots) 

within the institution where students can converge in few numbers to connect to the server to hear 

live lectures or/and download learning materials. 

v. On-Campus Users: These refer to students within the institution campus that are authorised via the 

authentication server to connect to view or download learning materials.
 

The Internet Components 

i. The Cloud Network: This is a virtual network that remote users can connect with using cloud 

applications and software to get into the institution's VPN for authentication and download of 

repository materials.
 

ii. Off-Campus Users: This refers to students outside the institution campus that are connecting via the 

cloud network to access learning materials.
 

Working Operation of the VLA 

The VLA operation is as shown in fig: 2 below. The network radio provides the needed campus-wide 

connectivity and it's configured into the switch. The switch is Virtual Private Network (VPN) and it serves as a 

filter for all traffic passing through the institution's gateway via the internet. Besides, it serves as a connection 

for the authentication and repository servers. 
 

To achieve user authentication within the intranet and internet-based users, the authentication server which is a 

database of all eligible user within the institution (Lecturers and Students) is used. The authentication server will 

run an appropriate database software as desired. The objective of the repository server is to serve as the 

warehouse of all learning materials (video or/and text). It also serves as the path for live lecture delivery with 

appropriate audio/visual equipment connected. The repository server is where lecturers will upload learning 

materials and students will download learning materials. Within the architecture, there will not be a through pass 

to the repository server without the intending user passing through the authentication server at first. The 

repository server will run appropriate software for document archiving and all software needed for practical at 

each school or departmental level.  
 

The servers are linked wirelessly to classroom routers. These routers are placed in classrooms where students 

can sit to receive live lectures via there end devices (laptops, smartphones) by connecting through the routers to 

the appropriate servers.
 

For users outside the institution, the cloud network configured with appropriate wireless routers and cloud 

applications is used for connection by off-campus users. However, before these set of users can have access to 

learning materials, they need to pass through the institution's gateway which is a verified Uniform Resource 

Locator (URL) of the institution and other firewall devices that will be added to fortify the network from 

attacks. The gateway takes the user to the VPN switch from where the users follow the process of an on-campus 

user.
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Fig 2: Schematic Diagram of VLA 

 

Conclusion 

The architecture is expected to provide an avenue for quality curriculum delivery while observing all the 

conditions set out in the post COVID-19 guideline. More traffic is expected within the intranet base connection 

as this will operate at no data cost to lecturers and students, hence, the architecture is made scalable, that is, 

equipment in the architecture can be increased to accommodate more traffic without affecting the overall 

performance of the architecture. The architecture demands less data cost from off-campus users as the only cost 

to be bared will be the cost of getting into the VPN via the gateway. This is expected because all activities, once 
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the user is within the VPN, is at no data cost since the user will be working on the intranet from that point 

onwards. In summary, this architecture provides zero and less data cost compared to other existing architecture 

while providing an environment for quality collaborative learning during live lectures and restrictions to a large 

gathering of students. The architecture also guarantees adequate curriculum delivery as all learning materials 

will be made available at all times.  
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