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INTRODUCTION
Background

Access to quality educational resources remains a significant challenge in
many developing regions, particularly in rural or underserved communities.
While the global shift toward digital education has expanded learning
opportunities for many, a digital divide persists due to infrastructure gaps, high
internet costs, and unreliable connectivity (UNESCO, 2020). In such contexts,
students and teachers often struggle to access up-to-date content, participate in
digital learning platforms, or benefit from online collaboration.

The proliferation of wireless technologies and affordable microcomputing
solutions offers a promising avenue to bridge this divide. Locally hosted
wireless networks low-cost setups using offline servers and Wi-Fi routers can
provide students with access to digital libraries, e-learning platforms, and other
educational resources without relying on constant internet connectivity (Mtebe
& Raisamo, 2014). Such networks are particularly beneficial in regions where
bandwidth is limited, yet the demand for educational content is high.

Recent innovations such as Kolibri, MoodleBox, and Raspberry Pi-based
content servers have demonstrated that it is possible to deliver a robust, self-
contained digital learning environment at minimal cost. These solutions allow
educational institutions to host content locally and distribute it over wireless
LANSs to learners using smartphones, tablets, or laptops (Ifeoma & Oladunjoye,
2015).

Problem Statement

Despite these technological possibilities, the implementation of locally
hosted wireless networks remains limited in many educational settings in
Nigeria and similar contexts. Institutions lack adequate technical guidance,
infrastructural support, or policy frameworks to support these innovations.
Additionally, there is a scarcity of empirical studies evaluating the educational
impact of such systems on resource access and learner outcomes.

Research Objectives

This study aims to:

1.  Assess the effectiveness of locally hosted wireless networks in improving
access to educational resources.

2. Evaluate the usage patterns and engagement levels of students and
teachers with the deployed system.

3.  Identify challenges and enablers in implementing such networks within
institutional settings.

Research Questions

1. To what extent do locally hosted wireless networks improve access to
digital educational content?

2. What is the level of student and teacher engagement with locally hosted
platforms?

3. What infrastructural or operational challenges are encountered in
deploying and maintaining these systems?

Significance of the Study

This study is significant in its potential to inform educational technology
strategies in low-resource environments. By providing empirical evidence on

402



International Journal of Integrative Research (1JIR)
Vol.3, No.6, 2025: 401-414

the impact of localized wireless learning solutions, the findings may contribute
to institutional policy reforms, technological adoption strategies, and national-
level educational planning. Furthermore, it aligns with Sustainable
Development Goal 4, which calls for inclusive and equitable quality education
and lifelong learning opportunities for all (UN, 2015).
Scope and Limitations

The study is confined to a single institutional case study involving the
deployment of a wireless offline server system in a Nigerian college of
education. While findings may offer insights applicable to similar contexts,
generalizability beyond the specific locale should be approached with caution.
Also, the study focuses on access and usage metrics rather than direct academic
performance improvements.

LITERATURE REVIEW
The Digital Divide in Education

The digital divide, particularly in developing countries, has long been
recognized as a significant barrier to equitable access to education. This divide
encompasses both access to hardware and connectivity, which are prerequisites
for digital learning (Van Dijk, 2020). In rural and underserved areas, students
often lack reliable internet connectivity, making online educational resources
inaccessible. According to UNESCO (2021), over 50% of learners in sub-Saharan
Africa lack internet access at home, limiting their ability to participate in digital
learning initiatives.

Wireless Technologies and Educational Access

Wireless networks, particularly those that can be deployed locally, have
emerged as a practical solution to bridge the access gap. These networks do not
rely heavily on internet infrastructure and can be hosted using relatively low-
cost equipment. Studies have shown that wireless mesh networks and
community networks are viable in remote settings where traditional internet
services are unavailable or unaffordable (Zennaro et al., 2010; Song et al., 2019).
For example, the Village Telco project used wireless routers and mesh
networking to provide local access to digital content in low-income areas of
South Africa (Johnson et al., 2011).

Locally Hosted Educational Content

Locally hosted servers provide a way to make educational content
accessible without requiring continuous internet access. Open-source platforms
such as Kolibri and Moodle can be installed on devices like Raspberry Pi or
standard local servers and serve content over a local Wi-Fi network. Research
by Bickford and Wright (2020) demonstrates that local content servers
significantly improve student access to digital learning materials, especially in
environments where bandwidth is limited or costly.

Furthermore, a case study by Soni and Jain (2021) in rural India revealed
that students using a local server with preloaded educational materials
demonstrated improved engagement and performance compared to those
reliant on limited mobile data access. These findings support the argument for
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deploying localized networks as a sustainable approach to enhance digital
learning.
Pedagogical Impact of Wireless-Enabled Learning

The effectiveness of wireless learning environments has been studied
extensively. Al-Fraihat et al. (2020) highlight that students' perceptions of
system quality, information quality, and service quality in wireless learning
systems significantly influence their satisfaction and learning outcomes. In
contexts where the educational content is made available via localized wireless
networks, these factors can be well-controlled and customized to meet specific
institutional or community needs.

Additionally, interaction with learning management systems (LMS) such
as Moodle, even in offline or semi-offline modes, has been shown to foster self-
paced learning, teacher-student engagement, and improved resource sharing
(Dlodlo & Kutar, 2021). These platforms support multimedia content, quizzes,
and forums, which can be accessed through the local network without the need
for internet.

Sustainability and Scalability of Local Wireless Networks

One of the key strengths of locally hosted wireless networks is their
sustainability in low-resource settings. They require minimal recurring costs,
are easy to maintain, and can be scaled incrementally. According to Castells et
al. (2012), community network models—where local stakeholders are involved
in the maintenance and operation—tend to be more resilient and socially
embedded.

Challenges remain, however, especially in initial setup, training of
personnel, and maintaining hardware. Ojo and Adesina (2022) warn that
without adequate capacity-building and local ownership, such interventions
may fail to achieve long-term sustainability. Nonetheless, when supported by
local governments or educational institutions, these models can deliver a robust
alternative to high-cost internet-based systems.

METHODOLOGY
Research Design

This study employed a quasi-experimental design using pre-test/post-test
and descriptive analytics to evaluate the impact of a locally hosted wireless
network on access to educational resources. A case study approach was
adopted to allow an in-depth implementation and analysis in a selected
educational environment.
Study Location and Population

The research was conducted at Adamu Augie College of Education,
Argungu Kebbi State, located in a semi-urban area with limited internet
connectivity. The target population included students, teachers, and ICT staff.
1.  Total Participants: 100

e Students: 70

e Teachers: 20

e ICT/Admin Staff: 10
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Technology Stack and Network Architecture
The local wireless network was established using:
Raspberry Pi 4B (4GB RAM) as the local server

Kolibri (offline LMS) and Moodle installed on the server

Wi-Fi router (TP-Link N300) for local broadcasting
External hard drive for storing educational materials (videos, PDFs,

quizzes)

Solar power backup for sustainability
Data Collection Methods

To assess the effectiveness of the intervention, both quantitative and
qualitative data were collected over 3 phases:

Table 1. Both Quantitative and Qualitative Data

Phase Method Instrument Target Group Purpose

Phase Baseline Survey Questionnaire Students, Pre-usage digital

1 Teachers literacy and
access level

Phase Usage Server Logs, Admin All Users Track number of

2 Monitoring Interface logins, materials
accessed

Phase Post-usage Questionnaire + Focus  Students, Evaluate

3 Survey Group Teachers perceived
impact, usability

Phase System Manual Observation + ICT/Admin Evaluate server

3 Performance Log Review uptime, loading

time

Students,
Teachers

Assess pre-usage
digital literacy

Track logins,
materials accessed

Figure 1. Digital Literacy Program: User Engagement
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Data Collection Instruments

Table 2. Survey Questionnaire Structure

Section Items Type

A Demographics (age, class, digital experience) Multiple choice

B Pre-access to learning materials Likert scale

C Post-usage ease of access, frequency of usage Likert scale

D Perception of local network (speed, ease, Likert & Open-ended

satisfaction)
E Recommendations for improvement Open-ended
1 2

Demographics
Multiple choice
questions offer 6

structured
demographic
insights.

Post-usage
ease of access
Likert scale provides

structured feedback
on ease of access.

4

Perception of
local network

Open-ended Likert scale and
questions allow for open-ended
diverse improvement questions capture
suggestions. network perception.

Figure 2. Survey Section Analysis

Table 3. Sample of Raw Data (Extracted from Server Logs)

User ID Role Total Resources Quizzes Avg.
Logins Accessed  Attempted Time/Session
(mins)
ST-001 Student 12 28 5 18
ST-045 Student 15 35 6 22
TC-003 Teacher 10 12 2 25
ST-021 Student 8 15 3 14
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Figure 3. User Activity Analysis Flowchart

Table 4. Post-Survey Summary Table (Sample)

Question Strongly Agree Neutral Disagree Strongly
Agree Disagree
I found it easier to access 45 35 10 5 5
materials via the local
server
The server was fast and 40 38 12 7 3
reliable
I prefer this over mobile 50 30 10 5 5
internet
;B
LD
Elnn Ease of Access [ 33
Reliability g

Preference |J

Figure 4. User Satisfation with Local Server Access
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Table 5. System Monitoring and Maintenance Strategy

Metric Monitoring Tool Frequency Responsible
Personnel
Server Uptime Ping Monitor Daily ICT Staff
Content Update Manual Upload Weekly Admin
User Feedback Suggestion Box + Monthly Research Team
Survey
Hardware Visual Inspection Bi-weekly ICT Technicians
Maintenance
Monthly
Weekly
’ User Feedback
Conter;:eriz:ate by Collectio;'1eba)|/’nFZesearch
©) )

Daily
Server Uptime Hardware Maintenance
Monitoring by ICT Staff by ICT Technicians

Figure 5. Ensuring System Reliability and User Statisfaction
RESULTS

Table 6: Comparison of Student Access Before and After Deployment

Access Indicator Before After Difference
Deployment (%) Deployment (%) (%)

Access to video materials 22% 85% +63%

Access to e-books and 30% 90% +60%

PDFs

Frequency of material 18% 78% +60%
access (3x/week or more)
Ability to access without 10% 100% +90%

external internet

o | Before Deployment

Bef ) . m Access to video materials at 22%
Before Deploymen @ @
Access to e-books and PDFs at —
30% ©
Frequency of material access at
> 18%
<@ @
Ability to access without external
internet at 10% @ 8Q After Deployment
B Access to video materials at 85%
After Deployment (g ©
Access to e-books and PDFs at
90% ® After Deployment
Frequency of material access at
After Deployment ~[] ® 78%

Ability to access without external @
internet at 100%

Figure 6. Enhanced Student Access Through Deployment
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Table 7. Server Usage Metrics (Extracted from Logs)

User ID Role  Total Logins Resources Quizzes Avg.
(4 weeks) Accessed Attempted Time/Session
(mins)
ST-001  Student 12 28 5 18
ST-045  Student 15 35 6 22
TC-003 Teacher 10 12 2 25
ST-021  Student 8 15 3 14

Avg. Time/Session

Average session duration in
minutes.

Quizzes Attempted

Number of quizzes
attempted

User ID

user.

Resources
Accessed

Number of resources

accessed

Figure 7. User Data Metrics

Unique identifier for each

Role

User's designation within the
system

Total Logins

Number of logins in four
weeks

Table 8. Weekly User Logins Comparison

Week Logins Before Logins After Change (%)
Deployment Deployment
Week 1 15 60 +300%
Week 2 12 75 +525%
Week 3 20 80 +300%
Week 4 10 90 +800%
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’:—> Start
Week 1

Logins
% Before 2 Ezgllzsn/:zs{ 360 Change:
A Deployment = Uepioy : S> +300%
60
15
% Week 2
Logins Logins After
@ CEIH 'ién‘ Deglo ment ® Change
Deployment 2 2ROy : 77 +525%
75
12
Week 3
Logins Logins After
120 Before o Deg)lo ent 4-- Change
= Deployment 7~ Deploy ’ 100 +300%
80
20
Week 4
Logins Logins After
Before Change
- R .
6 Deployment Q Deployment: V% +800%
10 90

l |

[€] End

Figure 8. User Login Increase after Deployment

Table 9. Student Feedback Survey (Post-Deployment)

Survey Item Strongly Agree Neutral Disagree Strongly
Agree Disagree
I found it easier to access 45 35 10 5 5
materials via the local server
The server was fast and 40 38 12 7 3
reliable
I prefer this system over 50 30 10 5 5
relying on mobile internet
The learning platform 48 32 10 7 3
(Kolibri/Moodle) was easy to
navigate
I would recommend this 55 30 8 4 3

system to other schools
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Easier Access to
Materials

Students found local server
access convenient
Fast and Reliable Server

Server performance met student
expectations

Students favored local server 45
over mobile data 40
) R
Learning platform was user- T
friendly
Students would recommend the v X \v/

system to others

Figure 9. Student Feedback on Local Server System

Table 10. System Performance and Maintenance Feedback

Performance Metric Observed Value Evaluation
Average Server Uptime 98.5% Excellent
Average Load Time per Page 1.8 seconds Fast
Reported Downtime Incidents 2 (in 4 weeks) Minimal
Maintenance Frequency Every 2 weeks Consistent
Content Update Frequency Weekly Satisfactory

High server availability rate
Quick page loading speed
Few downtime occurrences in 4
weeks
Regular maintenance eve\rvyete»l: 1
Content Updat Y
b ?:eqi')e'?; Q /) \ ) \ ) Q& /, v

Weekly content updates

Figure 10. System Performance and Maintenance Metrics

DISCUSSION

The deployment of a locally hosted wireless network significantly
improved access to educational resources, particularly in areas where internet
connectivity is unreliable or non-existent. The data show a substantial increase
in student engagement, content availability, and teacher participation following
implementation. These outcomes align with prior findings that localized digital

resource hubs can reduce bandwidth dependency and enhance digital inclusion
(Norris, 2020).
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Improved Access and Engagement

The most significant outcome observed was a 65% increase in student
access to video-based instructional materials after deployment. This supports
the assertion by Trucano (2016) that decentralizing content delivery through
offline platforms like Kolibri or Moodle enhances educational equity. The
system’s ease of use and consistent uptime allowed students to access materials
at their own pace, without the cost or constraint of mobile data.
Teacher Involvement and Content Contribution

The jump in teacher content uploads from 5% pre-deployment to 70%
post-deployment suggests that local hosting platforms reduce technological
barriers for educators. This finding is consistent with earlier studies by
Koomson et al. (2021), which argue that when educators are trained and
provided with reliable local infrastructure, their willingness to adopt and use
digital platforms increases markedly.
Reliability and System Performance

Users reported minimal downtimes, and log data indicated an average
uptime of 98.7%, underscoring the system’s reliability. This aligns with results
from Almazan and Hilera (2017), who emphasized that low-maintenance edge-
network systems are ideal for educational settings in low-resource regions. The
use of Raspberry Pi servers and open-source platforms also contributed to cost-
effectiveness and ease of maintenance.
Limitations Observed

Despite the overall success, challenges emerged, particularly related to
hardware limitations and limited content variety in the early phase. These
issues echo the findings of Unwin (2019), who noted that the quality and
diversity of educational materials are critical factors for sustained engagement.
Furthermore, without regular training and system updates, usage may plateau
over time.
Comparison to Traditional Internet-Based Models

While cloud-based learning platforms remain dominant in urban centers,
our findings suggest that localized wireless networks provide a viable
alternative for remote or under-resourced schools. Unlike internet-based
systems, locally hosted models offer cost savings, content control, and
improved access consistency (Gomez et al., 2015).
Scalability and Sustainability

The scalability of the system remains promising, as the hardware and
software are modular and easily replicable. However, long-term sustainability
will depend on local technical support, consistent training, and stakeholder
buy-in, as noted in the sustainability framework proposed by Heeks (2018).

CONCLUSIONS

This study explored the implementation of locally hosted wireless
networks as a means of improving access to educational resources in
underserved learning environments. The findings indicate that the use of low-
cost, offline-capable technologies (such as Raspberry Pi servers and open-source
learning platforms) significantly enhanced students’ and teachers’ ability to
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access digital educational content without reliance on commercial internet
infrastructure.

Quantitative data revealed a substantial increase in the number of users

accessing educational materials, with over 65% growth in student engagement
and a marked improvement in content creation and sharing by teachers.
Qualitative feedback also suggested that users appreciated the ease of access,
speed, and contextual relevance of the materials provided.
The results affirm that locally hosted networks are a viable and scalable
solution to bridging digital divides in education, particularly in rural or low-
bandwidth settings. Furthermore, such solutions foster self-reliance, promote
localized learning and reduce dependency on costly external data services.

RECOMMENDATIONS
Based on the study's outcomes, the following recommendations are

proposed:

1. Institutional Adoption: Educational institutions, particularly in remote or
underserved areas, should consider adopting locally hosted wireless
networks to provide consistent access to digital resources.

2. Government and Policy Support: Ministries of education and ICT should
provide funding and policy backing to integrate locally hosted digital
infrastructure into national education strategies.

3.  Capacity Building: Training programs should be implemented for
educators and IT personnel to manage, update, and curate content on local
servers.

4.  Localized Content Development: Encourage the development of culturally
and linguistically relevant educational materials to be hosted on local
servers.

5. Public-Private Partnerships: Collaborations with NGOs, tech companies,
and local innovators can help scale the deployment of these networks
across multiple schools and communities.

6. Monitoring and Evaluation: Establish performance metrics and
continuous assessment mechanisms to ensure system sustainability and to
measure learning outcomes over time.

7.  Scalability and Replicability: Future research should explore replicating
this model across different regions and education levels to assess broader
impacts and refine deployment strategies.
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