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Abstract 

The adoption of Learning Management Systems (LMS) has accelerated rapidly, particularly following the COVID-19 pandemic, 

as higher education institutions seek scalable e-learning infrastructure. Open-source platforms like Moodle have become pivotal 

by offering affordable and customizable pedagogical environments. However, numerous institutions in resource-constrained 

settings face significant infrastructural and scalability bottlenecks. This study deployed a quantitative, comparative practitioner 

case study design to evaluate the impact of the performance of migrating Moodle LMS from a centralized High-Performance 

Computing (HPC) setup to a distributed cloud-based virtual machine (VM) architecture. Using purposive sampling of six (6) 

federal universities in Nigeria (University of Lagos, University of Benin, Federal University of Technology Owerri, Ahmadu 

Bello University, Federal University of Agriculture Makurdi and Abubakar Tafawa Balewa University Bauchi), system 

performance metrics were monitored continuously over a 3-month pre- and post-migration period using edge polling via 

UptimeRobot from August to October 2025. The results showed improvements in performance. The average latency decreased 

by 45% (from 420 ms to 230 ms; p < 0.001), average page load time reduced from 3.8 s to 2.1 s (p < 0.001), and the average 

error rate fell from 4.3% to 1.2% p < 0.001. System availability remained fairly constant at 99.12% pre-migration vs 99.34% 

post-migration. Furthermore, the distributed VM model provided institutional autonomy for essential system upgrades, including 

PHP 8.2 and Moodle 5.0. The study recommended adopting the distributed architecture model of Moodle deployment on HPC 

owing to ease in scalability, increase in reliability, and institutional autonomy. Future studies on optimization of Moodle LMS 

should include survey on UI (User Interface) and UX (User Experience). 
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1. Introduction 

The COVID-19 pandemic accelerated the transition from 

face-to-face learning to distance and e-learning mode of edu-

cation delivery across the world. This development uncovered 

the shortcoming of available digital infrastructure required for 

this mode of learning in many developing countries, including 

Nigeria [1]. Scalable Learning management Systems (LMS) 

have attracted much attention in Nigeria because of the neces-

sity to ensure continuous learning in the condition of another 

lockdown or pandemic [2]. In response to this, the Nigerian 

government as of 2026 approved the establishment of seven 

(7) Open Universities and thirty-four (34) distance learning 

centre [3] and enacted policies to encourage eLearning usage 

to increase access to education [4, 5]. Research suggests that 

the use of LMS has become an essential platform for e-learn-

ing, blended learning, and other forms of e-content delivery in 

higher education institutions in Nigeria [6, 7]. Among the 

available LMS vendors in the country, Moodle, an open-

source platform, has become a leading choice due to its low 

cost of deployment, flexibility, and large global community 

[8]. 

Despite the usefulness of Moodle in African universities, its 

practical application is often faced with drastic constraints 

such as unstable internet connections, ineffective power sup-

ply, scarce computer facilities, lack of local knowledge and 

skills, and restricted funding [2, 7, 9]. In a report by the Sus-

tainable Procurement, Environmental and Social Standards 

Enhancement (SPESSE) Project, a World Bank initiative 

setup to address human capacity deficit in areas of procure-

ment, social and environmental standards in Nigeria, identi-

fied the use of use of technology and e-learning platforms as 

enabling drivers of teaching and learning [10]. Wetzel et al. 

argue that having an optimal hosting environment is most crit-

ical for running an LMS [11]. To build on the gap identified 

in the World Bank report, the Nigerian Research and Educa-

tion Network (NgREN), under the coordination of the Na-

tional Universities Commission (NUC), provisioned a High-

Performance Computing (HPC) and cloud-based system to 

host Moodle LMS for six (6) federal universities under the 

SPESSE Project. The performance analysis of an integrated, 

scalable architecture of cloud-based hosting of LMS reported 

by Mohiuddin et al. [9] demonstrated a myriad of benefits in-

cluding ultralow latency, locally available learning content, 

millisecond response time, energy-efficient, enhanced user se-

curity and confidentiality, and optimized performance effi-

ciency. Cloud-based LMS provides wide resources and flexi-

bility and is easy to use, which is advantageous to developing 

countries with limited resources and infrastructural challenges 

[6]. 

The shift from a centralized, single-server Moodle LMS to 

a distributed, cloud-hosted model is the research objective of 

this paper, presented as a practitioner case study, covering the 

operation for 3 months at six (6) federal universities in Nigeria. 

Measurable performance operation in the use of Moodle and 

improved institutional autonomy were key metrices recorded 

in the research. The case study aims to provide a viable route 

for the deployment of a scalable e-learning platform in re-

source-constrained in Nigeria and across Africa. 

2. Literature Review 

In order to support flexible, scalable, and technologically 

advanced education worldwide, LMS integration has become 

essential. Modular Object-Oriented Dynamic Learning Envi-

ronment, or Moodle, is still one of the most popular open-

source learning management system platforms [12-14]. It 

gives teachers and students a single platform to manage com-

munication, assessments, and course materials [15]. The plat-

form is a popular option for institutions in developing nations 

where cost and flexibility are important considerations due to 

its adaptability and open-source model [7, 16]. LMS platforms 

improve accessibility by allowing students to track their pro-

gress, interact with content asynchronously, and receive indi-

vidualized instruction [1, 26, 29, 31]. It is pertinent to establish 

that e-learning must run via approved, integrated LMS con-

nected directly to the university's Student Information System 

(SIS) [29, 31]. LMS is defined as a server-based or cloud-

based software program that stores information about users 

and course materials and enables learning to take place with-

out constraints of time and space [26]. These characteristics 

are essential in developing countries where economic and in-

frastructural constraints frequently disrupt traditional class-

room structures [2]. Adoption of Moodle, when accompanied 

by suitable institutional infrastructure and pedagogical prac-

tices, has been shown to promote students' self-regulated 

learning, engagement, and motivation [1, 6]. In spite of these 

advantages, there are still many challenges to overcome in the 

deployment of LMSs in Nigerian universities. Research often 

identifies poor ICT infrastructure as one of the main barriers 

to successful LMS deployment, especially erratic power sup-

plies, insufficient bandwidth, and unreliable internet connec-

tivity [2, 17]. Additionally, institutions' capacity to maintain 

system reliability and manage high user volumes has been 

hampered by a lack of technical expertise and scalability con-

straints [18]. 

There are opportunities to overcome these challenges 

thanks to recent developments in cloud computing and High-

Performance Computing (HPC) infrastructures [18-23]. Scal-

able computing resources and flexibility are offered by cloud 

computing, which includes service models like Software-as-

a-Service (SaaS), Platform-as-a-Service (PaaS), and Infra-

structure-as-a-Service (IaaS) [18, 20]. Reduced latency, en-

hanced performance, and maximized cost efficiency have all 

been correlated with cloud-based LMS hosting in educational 

settings [23]. Additionally, Mohiuddin et al. [9] argued that 

combining cloud hosting with HPC operationalisation re-

sulted in ultra-low latency, responsiveness at the millisecond 
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level, and improved energy efficiency, especially in mobile 

and e-learning systems. However, there is still a gap of empir-

ical data regarding the technical optimization of LMS using 

HPC-cloud hybrid models in the context of higher education 

in Africa. The infrastructure dimension, specifically the de-

sign and quantitative performance of cloud-based learning 

management systems, has gotten less attention than the major-

ity of studies that have concentrated on pedagogical use or 

adoption determinants [1, 6]. 

2.1. On Premises Deployment 

According to Wetzel et al. [11] and Bahar and Mohamed 

[12], on-premises deployment is the process of hosting and 

administering an LMS wholly within the organization's own 

physical infrastructure, where servers, storage, and network 

configurations are maintained internally. Universities han-

dling sensitive academic data leverage on this model of de-

ployment to gain full control over data governance, security, 

and customization, thereby minimising data breeches [20]. 

Notwithstanding these advantages, a number of studies point 

out the disadvantages of on-premises deployment in higher 

education institutions, particularly in developing nations. Pub-

lic universities' budgetary capacity is frequently exceeded by 

the high capital expenditures related to cooling, power supply 

infrastructure, and hardware procurement [2, 16, 20]. Scala-

bility constraints are also demonstrated empirically: as enrol-

ment rises, system performance tends to deteriorate because 

of limited processing and storage capacity [21]. Traditional 

on-premises installations suffer notable latency increases un-

der concurrent usage, according to Manzo's study [21] on the 

architecture and performance assessment of a virtualized 

Moodle environment. Local virtualization can increase utili-

zation efficiency, but it still lacks the cost-effectiveness and 

elasticity of distributed cloud deployments. In order to in-

crease scalability and reliability, numerous universities in Af-

rica and other developing regions have switched from on-

premises installations to centralized or hybrid cloud models. 

2.2. The Centralised HPC-Cloud Based Model 

In this model, several institutional LMS instances are com-

bined into a single, shared infrastructure using a centralised 

HPC deployed through cloud. Each institution functions as a 

sub-instance within a single server environment in this con-

figuration. In order to lower setup costs and streamline admin-

istrative oversight, the NgREN implemented this strategy by 

hosting Moodle instances for a host of universities, including 

the 6 SPESSE institutions on a single server on its HPC [24]. 

Significant operational limitations were introduced by central-

ised hosting, even though it provided economies of scale and 

simplified management. In this model, the load on the server 

is increased with the number of concurrent users, resulting in 

higher latency and slower page load speeds [21]. Also, carry-

ing out updates on Moodle version and installed plugins for 

individual instance, impact and causes downtime for all other 

users. The centralised architecture restricts participating uni-

versities' capacity to carry out system upgrades on their own. 

Additionally, because institutional administrators are unable 

to deploy new modules or alter existing ones without affecting 

the shared infrastructure, customization flexibility is limited. 

Furthermore, the stability of the entire system may be jeop-

ardized by technical malfunctions or security incidents in a 

single instance [22]. Bagarish and Alharbi [18] opined that the 

centralised cloud hosting model, while being a cost-effective 

way of aggregating applications into a single server, fre-

quently experience bottlenecks under high load and lack the 

flexibility needed for localised customization. Centralised 

models have been shown to increase latency during periods of 

high usage in African contexts, where bandwidth and server 

capacity are constrained [2]. These difficulties strongly sup-

port distributed virtualization, which uses specialised virtual 

machines to provide resource isolation and elasticity. 

2.3. Transition to Distributed VM on HPC-

Cloud Model 

The Nigerian Research and Education Network (NgREN) 

in 2025 deployed a distributed model for hosting Moodle 

LMS on its HPC cloud, where each member university was 

given a dedicated virtual machine (VM), in response to the 

performance issues of centralized hosting [24]. By combining 

distributed computing and virtualization, this hybrid setup 

guarantees that every institution has autonomous administra-

tive control over its LMS instance. Studies [21, 22, 25] have 

shown that when hosted application are appropriately isolated 

and partitioned, virtualized learning environments can achieve 

notable improvements in performance and stability. These 

configurations reduce idle capacity and energy waste by dy-

namically reallocating storage, memory, and processing 

power according to user demand. Institutional autonomy is 

also improved by switching to a specialized VM model. In a 

study at Stellenbosch Business School in South Africa [19, 27], 

after moving from on-premises to cloud-based hosting of 

Moodle LMS, optimisation results showed increased uptime, 

reduced load times, and easier maintenance. Additionally, vir-

tualisation improves fault isolation; system reliability is in-

creased because other instances are not impacted when one 

VM experiences downtime. 
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Figure 1. Conceptual Framework. 

This framework is particularly vital in the design of a cloud-

based High-Performance Computing (HPC) system for de-

ploying Moodle LMS within higher education institutions 

with limited infrastructural, financial and human resource. It 

underscores the importance of identifying reported challenges 

of using Moodle LMS, including poor user experience, tech-

nical issues, lack of customization, and inadequate training 

and support. The conceptual framework also highlights activ-

ities conducted in the research to optimize e-learning experi-

ence using a scalable High-Performance Computing and 

Cloud-Based Model for Moodle deployment. With system 

specification of 400 gb storage, 64 CPU, 128 gb RAM and a 

Linux Ubuntu operating system, for the HPC, this approach 

ensures that Moodle LMS delivery is optimal, accessible, in-

teroperable, secured and scalable to meet future needs. 

3. Methodology 

3.1. Research Design 

A quantitative method was employed using a comparative 

practitioner case study design to analyse the impact of the per-

formance of Moodle-based LMS before and after switching 

from a centralized HPC architecture to a distributed, cloud-

based virtual machine configuration. The quantitative data 

collection was obtained using UptimeRobot, a monitoring and 

evaluation software from August to October 2025. Among 

key metrices recorded before and after the migration were Av-

erage Latency (ms), Page Load Time (s), Error Rate (%), Sys-

tem Uptime (%) and Maintenance Impact. UptimeRobot acts 

as an external monitoring tool. It sends automated polling re-

quests at defined intervals (e.g., every 1 to 5 minutes) from 

distributed geographic edge nodes to the Moodle instance be-

fore and after the architecture migration. According to previ-

ous study [26, 30] installation of some plugins and software 

version affect the performance of the LMS. The research was 

also designed to measure outcome of updating PHP 8.1 to 8.2 

and Moodle 4.1 to 5.0, which are necessary upgrades for run-

ning self-paced learning modules. 

3.2. Data Collection and Sampling 

Six (6) federal universities participating in the World Bank 

SPESSE Project, were selected using a purposive sampling 

technique. As participants of the SPESSE Projects, these uni-

versities were required to use Moodle LMS, hosted on 

NgREN HPC cloud based platform in its delivery of blended 

learning. Each institution’s LMS was expected to be upgraded 

to run self-paced learning modules. The universities also re-

flect institutional dispersion and geographic diversity across 

Nigeria's six geopolitical zones: Federal University of Agri-

culture, Makurdi (FUAM, North Central); University of La-

gos (UNILAG, South West); University of Benin (UNIBEN, 

South-South); Federal University of Technology, Owerri 

(FUTO, South East); Ahmadu Bello University (ABU, North 

West); and Abubakar Tafawa Balewa University (ATBU, 

North East). 

3.3. Data Collection Tool and Procedure 

The primary instrument of intervention used was UptimeR-

obot. UptimeRobot is a cloud-based web monitoring applica-

tion that track server and website availability, response times, 

and error events across multiple endpoints. The application 

ensures consistent and independent tracking of uptime and la-

tency metrics by using distributed global monitoring nodes 

that ping web applications at regular intervals, usually every 

five minutes [25]. 

For three months, monitoring was done consistently for 

each configuration: 

1) Centralized Model: One server instance hosted by HPC 
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is shared by a host of universities, including the (6) 

SPESSE universities. 

2) Distributed Model: Within the HPC-cloud infrastructure, 

six (6) SPESSE universities run separate virtual servers. 

The following performance metrics were measured: 

System Uptime/Availability (A%) 

Evaluated through HTTP status code responses. Successful 

requests (HTTP status 200 OK) record the system as opera-

tional. Non-200 responses (HTTP 500/502/503/504 server er-

rors) or socket connection timeouts register as downtime, gen-

erating total availability percentages over your test windows. 

The percentage of successful automated checks out of total 

checks executed during an observation window: 

Availability (%) = (
𝑁

success

𝑁
total

) × 100  

where NsuccessNsuccess represents HTTP status code 200 (OK) 

responses 

Average Latency (ms) 

Measured via HTTP response time (Time To First Byte / 

TTFB) and TCP handshake duration. Comparing these milli-

second values reveals network routing and initial server pro-

cessing efficiency differences between the centralized HPC 

and the distributed cloud VM setup. 

Error Rate (%) 

Derived by calculating the ratio of failed HTTP requests 

(5xx/4xx errors or timeouts) against the total number of auto-

mated checks executed during specified observation periods. 

Error Rate (%) = (
𝑁

failed

𝑁
total

) × 100  

While transient single ping failures increase the short-term 

Error Rate (𝐸), sustained consecutive failures over 60 seconds 

trigger a recorded Downtime event (𝐷). 

System Downtime (𝐷, s) 

The cumulative duration during which automated polling 

requests fail continuously due to server-side HTTP errors (sta-

tus codes 500, 502, 503, 504) or TCP connection timeouts ex-

ceeding 30 seconds. 

Page Load Time (s) 

Server header response duration logged at Moodle dynamic 

endpoints. 

Maintenance Impact 

Quantified by logging the duration of operational disrup-

tions during PHP upgrades and the Moodle 4.1 to 5.0 major 

release transition. UptimeRobot records the exact duration of 

maintenance windows and recovery times post-plugin instal-

lation. 

The UptimeRobot API was used to retrieve the data, which 

was then exported as comma-separated values (CSV) for 

quantitative analysis. 

3.4. Data Analysis 

Microsoft Excel was used to process performance data in 

order to perform descriptive statistical analysis (mean, stand-

ard deviation, percentages, min-max ranges and p-values). To 

ascertain the migration's quantitative impact, mean values 

were compared between the two configurations, and percent-

age differences were calculated. Descriptive statistical metrics, 

including mean (x̄), standard deviation (Σ), and percentage 

change (%) were calculated for all metrics across both deploy-

ment models. To evaluate whether the observed performance 

differences before and after migration were statistically sig-

nificant, paired sample t-tests (α= 0.05) were conducted on the 

90-day continuous tracking series across the six participating 

universities. 

3.5. Validity and Reliability 

Internal validity was maintained by standardizing the mon-

itoring endpoints, polling frequencies (5-minute intervals), 

and geographic monitoring edge nodes throughout both 90-

day observation windows. Instrument reliability was verified 

through dual-node redundancy within UptimeRobot, ensuring 

consistent, independent tracking. 

3.6. Ethical Consideration 

Ethical compliance for this study followed the Committee 

on Publication Ethics (COPE) on plagiarism, data fabrication 

and falsification, image manipulation, duplicate submission, 

undisclosed conflicts of interest, citation manipulation and in-

appropriate authorship. Prior approval was first obtained from 

the National Project Coordinator of the SPESSE for access to 

data on the six (6) participating universities. Under the pur-

view of the Nigerian Research and Education Network 

(NgREN) where the Moodle LMS is hosted at it HPC, neces-

sary approval was sort to undertake the research. All data col-

lection and processing were conducted under strict conditions 

of confidentiality and anonymity. Both online and physical 

data were securely stored in password protected and access-

restricted environments to ensure data integrity. 

4. Results 

The quantitative results from the UptimeRobot monitoring 

of the six (6) SPESSE universities both before and after the 

switch from a centralized HPC deployment to a distributed 

HPC-cloud model are shown in this section. Performance, 

scalability, and reliability were evaluated by analysing metrics 

that were continuously recorded for 90 days under both con-

figurations. 
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4.1. Comparative System Metrics 

Table 1. Comparative LMS Performance Metrics (Centralized vs Distributed Models). 

Metric 
Centralized HPC 

Model 

Distributed HPC-

Cloud Model 
% Change 

p-value (t-

test) 
Observation 

Average Latency (ms) 420 ±45.2 230±21.8 -45.2% p < 0.001 Response time nearly halved 

Page Load Time (s) 3.8 ±0.65 2.1±0.32 -44.7% p < 0.001 Faster course content rendering 

Error Rate (%) 4.3 ±1.10 1.2±0.35 -72.1% p < 0.001 Fewer server timeout incidents 

System Uptime (%) 99.12 ±0.45 99.34±0.18 +0.22% P = 0.245(n.s) 
Negligible difference in total up-

time 

Max Downtime 

(mins/day) 
18.5 ± 6.2 4.2±1.1 -77.3% p < 0.001 

Significant drop in peak daily 

service disruption 

Maintenance Impact 
Affecting all In-

stances 
Localized — n/a 

Downtime isolated to individual 

institutions 

 

The data indicates a consistent improvement in perfor-

mance across all significant parameters. Although overall up-

time percentages were statistically similar, the localization of 

downtime by the distributed model represents a significant op-

erational gain. 

4.2. Latency and Page Load Distribution 

 
Figure 2. Average Latency and Page Load Time Distribution. 

Figure 2 above shows the distribution of latency and page 

load time over the monitoring intervals. Even with high usage, 

the distributed setup kept the average latency below 532 ms, 

whereas the centralized system frequently experienced latency 

peaks exceeding 650 ms. 

4.3. Error Rate Analysis 

Following the migration, there was a noticeable drop in er-

ror rates, including HTTP timeouts and failed responses. 
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Table 2. Error Rate and Max Downtime Distribution Post-Migration by University (Post-Migration). 

University Post-Migration Error Rate (± Standard Deviation Σ) Post-Migration Max Downtime (mins/day) 

UNILAG 1.15 ± 0.22 3.5 ± 1.2 

UNIBEN 1.28 ± 0.28 4.2 ± 1.5 

FUTO 1.20 ± 0.25 4.0 ± 1.4 

ABU 1.10 ± 0.20 3.2 ± 1.1 

FUAM 1.32 ± 0.35 5.1 ± 1.9 

ATBU 1.45 ± 0.38 5.2 ± 2.0 

Mean 1.25 4.2 ± 1.5 

 

In contrast to the 4–6% observed under the centralized 

model, error rates stabilized within the 1–1.5% range for all 

universities. This indicates increased performance reliability 

and isolation between virtual machines. 

 

 

 

4.4. System Availability 

The distribution of outages changed significantly, despite a 

slight change in overall average availability (99.12% to 

99.34%) over the period under observation. Any maintenance 

or issue with the centralized setup had an immediate impact 

on all institutions. Downtime was limited to individual in-

stance in the distributed configuration. 

 
Figure 3. System Availability Live Monitoring. 

In Figure 3 above, the UptimeRobot screenshot from Ah-

madu Bello University (ABU) is displayed, showing continu-

ous maintenance of availability. 

4.5. Scalability and Upgrade Flexibility 

Each university functioned independently following the mi-

gration, enabling updates from PHP 8.1- 8.2 and Moodle 4.1 

to 5.0. Self-paced learning modules, Moodle analytics dash-

boards, and locally necessary plugins were all made possible 

by this procedure, which was previously not possible with the 

centralized setup. 

The emphasis on autonomy and adaptive scalability in dis-

tributed learning infrastructure is in line with global best prac-

tice [18, 19]. 
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4.6. Resource Utilization Summary 

Table 3. Resource Utilization on HPC Cloud Infrastructure (Post-Migration). 

University CPU Utilization (%) Memory Utilization (%) Disk Usage (%) 

UNILAG 62 58 47 

UNIBEN 65 61 50 

FUTO 60 54 45 

ABU 63 59 48 

FUAM 67 62 49 

ATBU 61 55 46 

Mean 63.0 58.2 47.5 

 

These averages show minimal idle capacity and effective 

resource distribution. Through the use of virtualization, com-

pute power could be dynamically reallocated to institutions 

with high demand, lowering energy waste and enhancing sys-

tem sustainability. 

5. Discussion 

The findings attest to the significant improvements in sys-

tem responsiveness, dependability, and operational autonomy 

that came from switching from a centralized to a distributed 

HPC-cloud architecture. 

5.1. Technical Implications 

Decentralised virtual machine deployment enabled more 

precise performance tuning and improved workload distribu-

tion, as evidenced by the 72% decrease in error rate and 45% 

reduction in latency. This supports research by Manzo [21] 

and Mbongue et al. [22] showing that under dynamic user 

loads, virtualised systems perform better than monolithic de-

ployments. Universities can now isolate and manage faults in-

dependently, greatly reducing network-wide disruption. This 

operational advantage is hidden by the small difference in up-

time percentage. 

5.2. Limitations 

While this study relied on identification of challenges of us-

ing Moodle LMS from secondary data and primary data from 

institutional servers, the optimization of usability could be fur-

ther improved using additional data from end users. UptimeR-

obot measured backend response times (TTFB) and HTTP sta-

tus codes via external pings. It did not measure full client-side 

browser DOM rendering, local campus Wi-Fi/ISP bandwidth 

variations, or individual user device constraints. 

Generalization and replicability of the research is based on 

system capacity of available datacentres or High-Performance 

Computing infrastructure for hosting Moodle LMS. Sampling 

was restricted to the six (6) federal universities participating 

under the World Bank SPESSE project. While geographically 

representative across Nigeria's six geopolitical zones, caution 

should be exercised when generalizing findings to private or 

smaller state colleges. 

In line with best practices for distributed computing, a sys-

tem should be robust and flexible enough to allow technical 

personnels to adequately administer [28]. 

5.3. Policy Implications 

The case study demonstrates to policymakers, higher edu-

cation institutions and Education Technology Vendors the im-

portance of combining institutional ICT strategies with na-

tional research and education networks (such as NgREN) in 

order to achieve affordable scalability. By reducing vendor 

lock-in and capital expenditure, open-source software and 

cloud virtualization help to alleviate financial constraints that 

are prevalent in developing nations [2, 16]. 

6. Conclusion 

This practitioner case study showcased migration of a Moo-

dle LMS on a centralized architecture to a distributed cloud-

based virtual machine on a High-Performance Computing in-

frastructure. The outcome for the paper was particularly di-

rected at institutions with resource-constrained environments, 

including limitation in ICT equipment, technical manpower 

and finances. Deploying an HPC-enabled cloud-based archi-

tecture for Moodle greatly improved scalability, reliability, 

and institutional autonomy. The migration preserved system 

availability while cutting latency and load times by almost 
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half. Crucially, each institution acquired the autonomy to up-

date and modify its LMS on its own, guaranteeing pedagogical 

flexibility and sustainability. 

The results confirm that Nigerian universities, and in exten-

sion, African universities can deploy robust and scalable e-

learning solution without incurring unaffordable costs by stra-

tegically utilizing reputable datacentres or national research 

and education networks to host their applications, while utilis-

ing open-source technologies like Moodle. In order to further 

incorporate performance analytics, enhance engagement, in-

clusiveness and equity, the study recommends future studies 

on optimization of Moodle LMS employing survey on UI 

(User Interface) and UX (User Experience). 
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