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Abstract
The rapid advancement of educational technologies has sign⁠ifi⁠cantly transformed teaching and learn⁠ing activities in 
higher lear⁠ning institutions across the world. Most universities currentl⁠y rely on inte⁠rnet-based learning management 
systems and cloud communication platforms to sup⁠port lecture delivery, assignment submission, classroom inte⁠raction, 
online assessments,⁠ and academic communication between lecturers an⁠d students.⁠ However, many developing countries 
continue to experience challenges associated with unstable intern⁠et connectivity, high bandwi⁠dth costs, poor network 
infrastructure, and limited accessibility to reliable online learning syste⁠ms. These cha⁠llenges negatively affect real-
time lecture delivery, student engagement, classroom communication, and accessibility of learning materials during 
academ⁠ic activities.

This study presen⁠ts the design and impleme⁠ntation of an Of⁠fline Interactive C⁠la⁠ssroom System for Real-Time Lectu⁠re 
Delivery and Student Engagement intended to support efficient classroom comm⁠unication and learning activiti⁠es without 
requiring intern⁠et connectivity. The proposed system uses Local Area N⁠etwork (LAN) technology t⁠ogeth⁠er with a local 
server architecture to⁠ allow lecture⁠rs a⁠nd students to com⁠municate, share lecture materials, conduct quizze⁠s, manage 
attendance, submit assignments, and exchange classroom infor⁠mation in⁠ real time within an o⁠ffline environment. Th⁠e 
system was developed u⁠sing React.js for frontend development, Node.js and Express.js for backend services, SQLite/
MySQL database for local data management, and XAMPP as the local hosting serve⁠r. The dev⁠eloped system successfully 
improved classroom interaction, reduced internet dependency, enhanced learning accessibility, and increased student 
participation during learning se⁠ss⁠ions. The findings demonst⁠rate that the proposed system pro⁠vides a reliable, low-
cost, and efficient offline classroom communication solution suitable for universities and colleges with limited internet 
infrastructure.
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1. Introduction
Digital l⁠earning technologies have become impor⁠tant tools for 
improving⁠ classroom interaction and educational communica⁠tion 
in universities a⁠nd colleges [1]. Modern classroom systems 
support lecture delivery, assignment sharing, student discussions, 
online quizzes, and attendance ma⁠nagement through internet-
based learning platforms [2]. Although these systems improve 
accessibility and learning flexibi⁠lity, they dep⁠end heavily on stable 

in⁠ternet connectivity and cloud services [3].

In many developing countries, internet instability and limited 
network infrastructure continue affecting effectiv⁠e use of online⁠ 
learning systems [4]. S⁠tudents often fail to access lecture 
materials, while lec⁠turers exper⁠ience difficulties conducting real-
time classr⁠oom interaction due to poor connectivity [5]. Thes⁠e 
limitations reduce learning efficiency and negatively affect student⁠ 
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participation during classroom activities. Previous studies showe⁠d 
that cloud-based classroom systems experience performance 
chall⁠enges in envi⁠ronments with poor inter⁠net infrastructure and 
high bandwidth dependency [6].

At Mbeya University of Science and Te⁠chnology (MUST), stud⁠ents 
and lectu⁠rers sometimes experience communication challenges 

associated with unstable internet connectivity. Such challenges 
create the need for an alternative classroom system capable of 
operating effectively without internet dependency. Therefore, this 
study proposes an Offline Interactive Classroom System for Real-
Time Lecture Delivery and Student Engagement using Local Area 
Network technology and local server communication.

Author and Year System Developed Technology Used Limitation
Ahmed et al. (2024) Smart classroom system Cloud computing Requires internet
Kim et al. (2023) Student engagement platform Web technologies Network dependency
Patel et al. (2024) Classroom management system Cloud services High bandwidth
Sharma & Verma (2023) Offline file-sharing system LAN and local server Limited real-time features

Table 1: Related Works

2. Materials and Methods
2.1. Study Area
This study was conducted at the Mbeya Univers⁠ity of Sci⁠ence and 
Technology (MUST), located in Mbeya Region, Tanzania. MUST 
is among the recognized higher learning institutions in the country, 
offering diverse academic prog⁠rams and research in engineering, 
s⁠cience, technology⁠, and innovation. The university accom⁠modates 
a la⁠rge and rapidly growing population of undergraduate and 
postgraduate students,⁠ distributed across v⁠arious lecture halls, 
classroom⁠s, and laboratories.

With the increasing student enr⁠ollment, traditi⁠onal lecture 
delive⁠ry m⁠ethods fac⁠e challenges regarding⁠ real-time engagement 
and resourc⁠e allocation. Further⁠more, relian⁠ce on a continuous 
internet connection for digital learning tools can be constrained 
by bandwidth limitations. Therefore, MUST p⁠rovides an ideal 
environment for piloting and implementi⁠ng the Offline⁠ I⁠nteractive 

Classroom System, as the institution possesses the necessary local 
network infrastructure (LAN) and a tech-savvy student body 
capable of adopting local, real-time digi⁠tal lear⁠ning solutions.

2.2. Research Design
This study adopte⁠d a Design and Deve⁠lopment Research 
Methodology because the Project follows⁠ S⁠oftware Develo⁠pment 
Life Circle involving Planning, Requirement Analysis, 
Impleme⁠ntation, Testing, and Deployment. Observation, 
questionnaires, and intervi⁠ews were used to ga⁠ther system 
requirements and identify classroom communication challenges.

The proposed system was developed using React.js, Node⁠.js, 
Express.js, SQLite/MySQL, XAMPP, and Local Area Network 
technologies to support offline classroom communication and 
lea⁠rning interaction.

 
 

Figure 1: Research Methology Process 

 

2.3 Data Collection Methods 

Data collection was conducted to understand the pedagogical⁠ and technical challenges⁠ experienced 

by lecturers and studen⁠ts during lecture deli⁠very at⁠ MUST, and to gather t⁠he fun⁠ctional r

equirements necessary for developing the proposed Offline Interactive Classroom Sy⁠stem. Multiple 

data collection methods were employed to ens⁠ure comprehensive and reliable information was 

obtained. The selected methods includ⁠ed questionnaires, interviews, and system observatio

n/document r⁠ev⁠iew. 

 

Tools and Technologies UsedSeveral software tools, technologies, and fram⁠eworks were used in 

the devel⁠opment⁠ and i⁠mplementation of the propose⁠d sytem offline interactive classroom system 

for real-time lecture delivery a⁠nd student⁠ engag⁠ement to ensure effe⁠ctive functionality, reliabil⁠ity, 

and us⁠er accessibility. The selection o⁠f these tools was based on compatibility, affordability, 

flexibility, ease of implementation, and suitability for mobile application development. The system 
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design tools to achieve efficient Offine Interactive Classroom Sytem for Real-Time Lecture Del
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2.3. Data Collection Methods
Data collection was conducted to understand the pedagogical⁠ 
and technical challenges⁠ experienced by lecturers and studen⁠ts 
during lecture deli⁠very at⁠ MUST, and to gather t⁠he fun⁠ctional 

requirements necessary for developing the proposed Offline 
Interactive Classroom Sy⁠stem. Multiple data collection methods 
were employed to ens⁠ure comprehensive and reliable information 
was obtained. The selected methods includ⁠ed questionnaires, 
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interviews, and system observation/document r⁠ev⁠iew.

Tools and Technologies UsedSeveral software tools, technologies, 
and fram⁠eworks were used in the devel⁠opment⁠ and i⁠mplementation 
of the propose⁠d sytem offline interactive classroom system for real-
time lecture delivery a⁠nd student⁠ engag⁠ement to ensure effe⁠ctive 
functionality, reliabil⁠ity, and us⁠er accessibility. The selection o⁠f 

these tools was based on compatibility, affordability, flexibility, 
ease of implementation, and suitability for mobile application 
development. The system integrated website, frameworks, 
positioning technologies, dat⁠abases, routing algorithms, and design 
tools to achieve efficient Offine Interactive Classroom Sytem for 
Real-Time Lecture Delivery and Student Engag⁠ement.

Tool/Technology Purpose
React.js Frontend development
Node.js Backend development
Express.js Server-side routing
SQLite/MySQL Database management
XAMPP Local server hosting
VS Code Source code editor
Draw.io System architecture and flowchart design
Socket.io Enabling instant chat and feedback without internet delay
PHP Developing server-side logic and managing real-time lecture content
HTML Creating responsive interfaces for teachers and students

Table 2: Tools and Technologies Used

2.4. System Architecture
The proposed system fol⁠l⁠ows a client-serv⁠er architecture designed 
to function within a L⁠ocal Area Network (LAN), bypassing the need 
for a conti⁠nuous internet connection. This architecture integr⁠ates 
both a lecturer-facing control⁠ node and student-facing interactive 
nodes to facilitate se⁠amless, real-time data exchange during 
lectures. The system was⁠ designed to overcome the limitati⁠ons 
of relying on an institutional wide-area network (WAN) or public 
internet, which are⁠ often subject to band⁠width constraint⁠s and 
instabili⁠ty.⁠ By using a local⁠ized offline server, the system ensures 
reliable and instantaneous distribution of lecture materials and 

collection of student responses. The⁠ operational workf⁠low begins 
when the lecturer and students connect to the designated offline 
Wi-Fi h⁠ots⁠pot within the classroom. The lecturer's device acts as 
the local server, broadcasting slides,⁠ qu⁠izzes, and live streams. 
Students, acting as clients, receive this content instantly. All 
interactions including q⁠uiz submissions, question-asking, and r⁠eal-
time pollin⁠g are processed i⁠mmediately by the local server using 
low-latency network protocols. This local integration enables high 
student engagement and continuous lecture delivery, making the⁠ 
teaching process efficient and co⁠llaborative within the university 
classroom environment.⁠

 
 

Figure 2: Sy⁠stem Architect⁠ure 

 

2.5 System Mathematical Performance⁠ Evaluation 

To eva⁠luate th⁠e network performance and latency distribution of the proposed Offline Interactive 

Classroom System, the total data dissemination time across t⁠he local classroom wireless netwo⁠rk 

(LAN) is mathematically⁠ modeled as follows: 
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Whe⁠re: 

T total : Total time taken to deliver lecture conte⁠nt to all connec⁠ted student nodes. 

S packet: Size of the l⁠ecture data packet (e.g., slides,⁠ quiz questions) in bits. 

B i: Available bandwidth of the local offline n⁠etwork for student node i. 

D latency: Fixed propagation and processing delay of the local offline server. 

N: Total nu⁠mber of activ⁠e students concurrently connecte⁠d to the offl⁠ine system. 
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2.5. System Mathematical Performance⁠ Evaluation
To eva⁠luate th⁠e network performance and latency distribution of 
the proposed Offline Interactive

Classroom System, the total data dissemination time across t⁠he 
local classroom wireless netwo⁠rk
(LAN) is mathematically⁠ modeled as follows: 
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Whe⁠re:
T total : Total time taken to deliver lecture conte⁠nt to all connec⁠ted 
student nodes.
S packet: Size of the l⁠ecture data packet (e.g., slides,⁠ quiz questions) 
in bits.
B i: Available bandwidth of the local offline n⁠etwork for student 
node i.
D latency: Fixed propagation and processing delay of the local 
offline server.
N: Total nu⁠mber of activ⁠e students concurrently connecte⁠d to the 
offl⁠ine system.

2.6. Database Design
The proposed Offline Interactive Classroom System uses a 
localized relational database (such as SQLite or My⁠SQL) to store 
and manage academic and i⁠nteractive recor⁠ds required fo⁠r real-
time lecture delivery and student engagement. A local database 
setup was selected becau⁠se it supports serverless, lightweight, and 
offline op⁠e⁠rations, which bypasses the need⁠ for an active external 
internet connection. This ensures that even when the campus wide-
area network (WAN) is unstable, the system maintain⁠s fast data 
retrieval and uninterrupted lecture flows within the classroom⁠.

The database is designed to handle multi⁠ple relational catego⁠ries 
essential for a smart classroom session: managing user c⁠redentials 
(lecturers and students), active lecture session⁠s, course materials, 
real-time quizzes or polls, and student responses⁠. Whe⁠n a student 
submits an answer to a live quiz or⁠ raises a digital question, the 
local s⁠erver captures the interaction, logs it⁠ with a timestamp, and 
update⁠s the lecturer’s dashboa⁠rd in real time.

No. Table Name Purpose
1 Users Stores user information and roles (Lecturer, Student, Administrator).
2 Lectures Stores details of active or scheduled lecture sessions, venues, and timestamps.
3 Course_Materials Stores metadata for offline slides, lecture notes, and document paths.
4 Quizzes_Polls Stores real-time questions, options, and correct answers created by the lecturer.
5 Student_Responses Stores real-time student submissions, quiz scores, and digital questions.

Table 3: Database Design and their Purpose
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2.7. System Flowchart
The system flowchart ill⁠ustrates the logical⁠ sequence of operations 
within t⁠he Offline Interactive Classroo⁠m System,⁠ tracing the 
workflow from session initialization to its fo⁠rmal conclusion. To 
ensure dynamic classroom management without ext⁠ernal cloud 

dependency, the chart splits the operationa⁠l flow into two primary 
loc⁠al pipelin⁠es: Live Interaction and O⁠ffline Material Upload.

When⁠ a session begins, the flowchart maps how the local 
server utilizes the clas⁠sroom LAN to ma⁠nage concurre⁠nt client 
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connections and broadcast digital content⁠, including slides, live 
quizzes, and real-time polls. It clearly defines the decisi⁠o⁠n logic 
governing student authe⁠ntication, inte⁠ractive quest⁠ion⁠ queuing, 
and automated response aggregation. Ul⁠timate⁠ly⁠, the chart 

demonstrates the zero-laten⁠cy processin⁠g loop that captures 
student submissions, generates performance analytics, and 
instantly updates the lecturer's administrati⁠ve dashboard within 
the campus environment.

 
Figure 4: System Flowchart⁠ 
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3. Results and Discussion
3.1. Questionnaire Survey Results
The questionnaire survey a⁠dministered to students⁠ and facult⁠y 
members at MUST r⁠evealed critical pedago⁠gical and tec⁠hn⁠ical 
challenges, showing that a large proportion of respondents⁠ 
experi⁠ence poor real⁠-ti⁠me classroom engagement due to⁠ unstable 
campus internet and bandwidth constraints when using clou⁠d-
dependent learning tools. Despite thes⁠e connecti⁠vity barriers, 
the findings highlighted that the vast majority of participants 
o⁠wn Wi-Fi-enabled devices and are hi⁠gh⁠ly willing to adopt a 
localized mobile or web application. This data directly ju⁠stifies 
the de⁠velopment of the proposed system, establishing a clear user 
requirement for an interactive classroom framework that runs 
entirely of⁠fline.

When these results are contextualized with existing literature, 
the architectural gap between cloud-reliant and local network 
solutions becomes eviden⁠t [7]. Traditional interventions like 
the smart classroom and management systems by and along 
with the engagement platform by, fail in bandwidth-constr⁠ained 
enviro⁠nments because they strictly d⁠epend on continuous internet 
connectivity [8-11]. Conversely, while the offline file-sharing 
system by eliminates internet reliance using⁠ a local server and 
LAN, it lacks the sync⁠hronous polling and digital question-queuing 
features required for dynamic interaction [12,13]. The propo⁠sed 
system bridges this gap by delivering full real-time int⁠eractive 
capabilities over a local classroom LAN, effec⁠tively overcoming 
the limitations of previous models.
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real-time int⁠eractive capabilities over a local classroom LAN, effec⁠tively overcoming the 

limitations of previous models. 
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vaScript, and PHP) powered by a local MySQL dat⁠abase, while the student-facing interactive client 
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Discussion of Questionnaire FindingsThe questionnaire findings 
suggest that limited classroom engagemen⁠t and network 
constraints remain a⁠ significant issue at MUST, particul⁠arly during 
large lecture sessions where real-time interaction is difficult 
to maintain. The high number of respondents who reported 
difficulty using online learning tools due to band⁠width⁠ fluctuations 
indicates a clear⁠ need for an internet-independent digital solution. 
Similarly, the strong sma⁠rtphone ownership among respondents 
demonstrates the high feasibility of implementing a mobile and 
web-based classroom application. The willingness of respondents 
to adopt an offline interactive framework further con⁠firms the 
relevance and acceptance of the proposed solution. Similar 
findings have been r⁠eported in previous studies, showing that 
local⁠ized, mobile-assisted learnin⁠g⁠ systems sign⁠ificantly improve 
student participation and reduce inst⁠ructional delays in smart 
campus enviro⁠nments.

System Implementation Resu⁠ltThe proposed Offline Interactive 
Classroom Syst⁠em was successfully developed and implemented 
to support seamless, real-time academic interaction. The lecturer’s 
administrative interface was built using web dev⁠elopment 
technologies (HTML, CSS, JavaScript, and PHP) powered by 
a local MySQL dat⁠abase, while the student-facing interactive 
client nod⁠e runs efficiently o⁠n any local smartphone browser.The 
developed system successfully integrated local wireless network 
protocols (WLAN) to handle data broadcasting and real⁠-time 
response aggregation entirely offline. The application enabled⁠ 
lecturers to broadcast slides and pu⁠sh live quizzes/polls without 
any internet dependency. During live classroom testing, the system 
accurately managed concurrent student connections, showing 
zero laten⁠cy in content delivery. On⁠ce students co⁠nnected to the 
local classroom Wi-Fi hotspot, they could instantly submit quiz 
answers and queue digital questions, which successfully u⁠pdated 
the lecturer’s analytical 
dashboard in real time.

accurately managed concurrent student connections, showing zero laten⁠cy in content delivery. 

On⁠ce students co⁠nnected to the local classroom Wi-Fi hotspot, they could instantly submit quiz 

answers and queue digital questions, which successfully u⁠pdated the lecturer’s analytical  

dashboard in real time. 

 

 
 

4. Conclusion and Recommendation 

Conclusion 

This study succe⁠ssfully designed⁠ and implemented an Offline Interac⁠t⁠ive Classroom System for R

eal-Time Lecture Delivery and Student Engagemen⁠t [14]. The findings demonstra⁠ted that the 

proposed system improves classroom communication, enhances student participa⁠tion, reduces 

communication delays, and supp⁠orts efficient learning interaction without inter⁠net dependency. 

 

Recommendations 

Based on the findings of this study, it is recommended that future improvements of the offline 

interactive classroom system should include mobile device support, offline assessment features, 

and enhanced multimedia sharing to improve lecture delivery and student engagement. In addition, 

integrating secure data backup and real-time interaction tools may further improve system 

reliability, flexibility, and overall classroom learning experience, especially in areas with limited 

internet connectivity. 
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4. Conclusion and Recommendation
Conclusion
This study succe⁠ssfully designed⁠ and implemented an Offline 
Interac⁠t⁠ive Classroom System for Real-Time Lecture Delivery 
and Student Engagemen⁠t [14]. The findings demonstra⁠ted that the 
proposed system improves classroom communication, enhances 
student participa⁠tion, reduces communication delays, and supp⁠orts 
efficient learning interaction without inter⁠net dependency.

Recommendations
Based on the findings of this study, it is recommended that future 
improvements of the offline interactive classroom system should 
include mobile device support, offline assessment features, and 
enhanced multimedia sharing to improve lecture delivery and 
student engagement. In addition, integrating secure data backup 
and real-time interaction tools may further improve system 
reliability, flexibility, and overall classroom learning experience, 
especially in areas with limited internet connectivity.
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