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ABSTRACT

Student attendance management systems

play a crucial role in educational institutions

for monitoring participation, improving
academic  performance, and ensuring
accountability. ~ Traditional  attendance

systems based on centralized client-server
architectures often face challenges such as
high infrastructure costs, single points of
failure, and vulnerability to data tampering.
With the advancement of distributed
computing, alternative architectures such as
Peer-to-Peer (P2P) and hybrid models have
emerged, offering improved scalability and
This

fault tolerance. study presents a

comparative  analysis of  attendance
management costs across client-server, peer-
to-peer, and hybrid models, with the
integration of blockchain technology to
enhance security, transparency, and data
integrity. The proposed approach evaluates
each architecture based on parameters such
as infrastructure cost, maintenance cost,

scalability, latency, and security. Blockchain

is incorporated to ensure tamper-proof
storage of attendance records by recording
each entry as an immutable transaction. In

the client-server model, all data is stored

centrally, resulting in higher maintenance
costs and security risks. In contrast, the
peer-to-peer model distributes data across
multiple nodes, reducing dependency on a
central server but introducing challenges in
synchronization and management. The
hybrid model combines the strengths of both

architectures, decentralized

blockchain

leveraging

storage while maintaining

controlled access through centralized

components. Experimental results
demonstrate that while the client-server
model is easier to implement, it incurs
higher long-term costs and lower security.
The peer-to-peer model offers better fault
tolerance but may increase complexity. The
hybrid model provides an optimal balance

by reducing costs, improving scalability, and
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ensuring secure and transparent attendance
tracking through blockchain. Overall, this
study  highlights the
blockchain

advantages  of

integrating with  hybrid
architectures for efficient and cost-effective

attendance management systems.

Keywords: Blockchain, Attendance System,
Client-Server Model, Peer-to-Peer, Hybrid
Model, Cost Analysis, Distributed Systems,

Data Security, Smart Contracts,
Decentralization

LINTRODUCTION
Student attendance management is an
essential component of  academic
institutions,  helping  track  student

participation, ensure discipline, and support

performance  evaluation.  Traditionally,
attendance systems have evolved from
manual record-keeping to digital solutions
based on client-server architectures. In such
systems, a central server stores and manages
all attendance data, while clients (such as

teacher interfaces or student devices)

interact with it. Although this approach
simplifies data management, it introduces

several  limitations, including  high

infrastructure and maintenance  costs,

dependency on a central server, and

vulnerability to data tampering or system
failures. As educational institutions scale,
these challenges become more prominent,
necessitating more efficient and secure

alternatives.

With the advancement of distributed
computing technologies, Peer-to-Peer (P2P)
and hybrid architectures have emerged as
viable solutions. In a P2P model, data is
distributed  across  multiple  nodes,
eliminating reliance on a single central
server and improving fault tolerance.
However, managing synchronization and
ensuring consistency across nodes can be
complex.  Hybrid models combine
centralized and decentralized approaches,
leveraging  the  strengths of  both
architectures to achieve better performance,
scalability, and reliability. At the same time,
blockchain technology has gained attention
for its ability to provide secure, transparent,
and tamper-proof data storage. By recording
attendance data as immutable transactions,
blockchain ensures data integrity and

enhances trust among stakeholders.

The proposed study focuses on a
comparative analysis of client-server, peer-

to-peer, and hybrid attendance systems with

International Journal of Data Science and [oT Management System

1JDIM, 2026, 5 (2), 1906-1914 | 1907



A

\'.;‘.*i?

ISSN: 3068-272X

International Journal of

DATA SCIENCE AND IOT MANAGEMENT SYSTEM

Peer Reviewed, Referred & Indexed Journal
www.ijdim.com

Original Research Paper

the integration of blockchain technology.
The system evaluates each model based on
such as

cost factors infrastructure,

maintenance, scalability, and security.
Blockchain is used to enhance transparency
and prevent unauthorized modifications to
attendance

records. By analyzing the

strengths and  limitations of each
architecture, the study aims to identify the
most efficient and cost-effective solution for
modern attendance management systems.
This approach provides valuable insights for
educational institutions seeking to adopt
attendance

secure and scalable digital

systems.
ITI SURVEY OF RESEARCH

The study by S. Nakamoto (2008) [1]
introduced blockchain technology as a
decentralized and tamper-proof digital

ledger. The methodology uses cryptographic

hashing and  distributed  consensus
mechanisms to secure data. Results
demonstrate  that blockchain  ensures

transparency and immutability of records.

However, scalability and energy
consumption are challenges. This research is
highly relevant as it provides the foundation
for integrating blockchain into attendance

systems to prevent data tampering.

The work by A. Tanenbaum and M. Van
Steen (2007) [2] discussed distributed
architectures,

systems including client-

server and peer-to-peer models. The

methodology compares centralized and

decentralized approaches in terms of

scalability, reliability, and cost. Results
indicate that client-server systems are easier
to manage but suffer from single points of
failure, while P2P systems offer better fault
tolerance. However, P2P systems introduce
complexity in synchronization. This study
supports  the

comparative analysis of

different architectures in the proposed

system.

The research by M. Satyanarayanan (2017)
[3] explored edge and distributed computing
models for improving system performance.

The methodology focuses on reducing

latency and improving scalability by
distributing computation. Results show
improved  efficiency in  distributed
architectures. However, implementation

complexity remains a challenge. This
research is relevant as hybrid models
distributed

combine centralized and

approaches for better performance.
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The study by V. Buterin (2014) [4]
introduced Ethereum, a blockchain platform
that supports smart contracts. The
methodology enables automated execution
of predefined rules for data management.

Results demonstrate that smart contracts

improve efficiency and eliminate
intermediaries. However, security
vulnerabilities in contracts must be

addressed. This research supports the use of
smart contracts for managing attendance

data securely.

The work by L. Lamport (1978) introduced

logical clocks for distributed systems

synchronization [5]. The methodology

ensures event ordering in distributed
environments. Results show improved
consistency in  distributed  systems.

However, synchronization overhead can

increase complexity. This research is
relevant for managing attendance data
across distributed nodes in P2P and hybrid

models.

The study by M. Crosby et al. (2016)

provided an overview of blockchain

applications across various domains [6]. The
methodology highlights blockchain’s role in
enhancing

security and  transparency.

Results indicate that blockchain can be
effectively applied in data management
However, adoption challenges

This

systems.

remain. research  supports the
integration of blockchain in attendance
systems for secure and transparent record

management.
III. WORKING METHODOLOGY

The proposed system performs a
comparative analysis of student attendance
three  different

management  using

architectures:  client-server, peer-to-peer
(P2P), and hybrid models, integrated with
blockchain technology for secure data

storage. Initially, the system collects
attendance data from users such as students
and faculty through a user interface. In the
client-server model, all attendance records
are sent to a centralized server where they
are stored and managed. This model is
simple to implement but requires high
infrastructure and maintenance costs, as
well as strong security mechanisms to
prevent unauthorized access and data
manipulation. The collected data is also
recorded on the blockchain to ensure
immutability and transparency, allowing

verification of attendance records.
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In the next stage, the system implements the
peer-to-peer model, where attendance data
is distributed across multiple nodes instead
of relying on a central server. Each node
maintains a copy of the data, and blockchain
and validate

is used to synchronize

transactions across the network. This

approach improves fault tolerance and
reduces dependency on a single server.
However, it introduces challenges such as
increased complexity in data
synchronization and network management.
The hybrid model is then implemented by
combining elements of both client-server
and P2P architectures. In this model, a
central server is used for coordination and
access control, while blockchain ensures

decentralized and secure data storage.

In the final stage, the system evaluates the
performance of all three models based on
parameters such as infrastructure cost,
maintenance cost, latency, scalability, and
security. Comparative analysis is performed
using graphs and statistical metrics to
determine the most efficient model. Results
are visualized to highlight differences in
cost and performance. This methodology
provides a comprehensive understanding of
different  architectures

how impact

attendance management systems and
demonstrates the advantages of integrating
blockchain for secure and transparent data

handling.
IV RESULTS EXPLANATIONS

The performance of the proposed attendance

management system is evaluated by
comparing the client-server, peer-to-peer
(P2P), and hybrid models based on key
parameters such as cost, latency, scalability,
and security. Experimental results show that
the client-server model is straightforward to
implement and manage, but it incurs higher
infrastructure and maintenance costs due to
the need for centralized servers.
Additionally, it suffers from a single point of
failure and is more vulnerable to data
tampering if proper security measures are
not in place. Although blockchain
integration enhances data integrity in this
model, the overall system still depends

heavily on the central server.

In contrast, the peer-to-peer model

demonstrates improved fault tolerance and
centralized

reduced dependency on

infrastructure. Since data 1is distributed
across multiple nodes, the system remains

functional even if some nodes fail. This
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reduces infrastructure costs and enhances
availability. However, the P2P model
introduces complexity in synchronization
and network management, which may
increase operational overhead. The use of
blockchain in this model ensures that all
attendance records are verified and tamper-
proof, improving trust and transparency

among users.

The hybrid model combines the advantages
of both client-server and P2P architectures.
Results indicate that this model achieves a
balance between cost, performance, and
security. It reduces infrastructure costs
compared to the client-server model while
maintaining better control and easier
management than the P2P model. The
integration of blockchain further strengthens
data security and ensures transparency in
attendance records. Comparative graphs
show that the hybrid model provides
optimal performance with moderate cost and
high reliability. Overall, the results confirm
that the hybrid model with blockchain
integration is the most efficient and practical
solution for modern attendance management

systems.

V.CONCLUSION

The proposed study on Comparative

Analysis of Student Attendance Costs for
and Hybrid

Client-Server, Peer-to-Peer,

Models Using Blockchain provides a
comprehensive evaluation of different
system  architectures for attendance

management. The analysis highlights the
strengths and limitations of each model in
terms of cost, scalability, latency, and
security. The client-server model, while
simple and easy to implement, suffers from
higher infrastructure costs and vulnerability
to central point failures. The peer-to-peer
model improves fault tolerance and reduces
dependency on centralized systems but

introduces complexity in synchronization

and management.

The hybrid model emerges as the most

effective approach by combining the

advantages of both architectures. It offers

better scalability, reduced costs, and
improved reliability while maintaining
manageable system complexity. The

integration of blockchain technology further
enhances the system by providing tamper-
proof, transparent, and secure storage of
attendance records. Each attendance entry is
recorded as an immutable transaction,

ensuring data integrity and building trust
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among users. This makes the system highly
suitable for educational institutions that
require secure and efficient attendance

tracking.

In conclusion, the hybrid model integrated
with blockchain provides a balanced,
scalable, and cost-effective solution for
modern attendance systems. Future work
may focus on optimizing blockchain
performance, reducing transaction costs, and
integrating advanced technologies such as
IoT-based attendance tracking and biometric
authentication. Overall, the study
demonstrates the potential of combining
distributed architectures with blockchain to
create secure and efficient digital systems

for educational environments.
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