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ABSTRACT

Blockchain technology provides a transparent and safe way
to generate and validate certificates online.

Conventional certificate systems are frequently susceptible
to loss, alteration, and falsification, which erodes credibility
and confidence. Two This abstract investigates how
blockchain-based systems could be able to help with these
issues. These solutions make use of blockchain's distributed
and immutable properties to guarantee the integrity and
authenticity of digital certificates.1.Blockchain-basedbsmart
contracts, which are self-executing agreements, automate
the certificate issue and verification process, cutting down
on human mistake and administrative burden[15,16].This
method improves security by making a record of every
certificate on the distributed ledger that can be audited and
tampered with [14]. Additionally, by removing the
requirement for middlemen, blockchain-based solutions
enable quick and simple certificate verification by any
authorised person [17, 18]. The viability and advantages of
blockchain have been shown in numerous research in a
range of educational contexts, such as online learning
platforms [6, 20, 22, 23, 24, 25, 26], micro-credentialing [9],
and academic credentialing [9, 10, 11, 19].By giving people
more control over their credentials, this solution not only
prevents fraud but also makes sharing and verification easier
[8]. 3 Blockchain has enormous potential to transform
online certificate administration, despite lingering issues
with scalability, regulatory compliance (such as GDPR
[13]), and interoperability [12][4, 5].The main benefits and
uses of blockchain-based certificate systems are highlighted
in this abstract, which draws from previous studies to show
how technology is revolutionising online credentialing's
transparency.
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.  INTRODUCTION

Digital certificates are essential in today's linked world for
confirming qualifications, abilities, and accomplishments.
From professional certificates to academic degrees, these
records demonstrate qualifications and are necessary for a
number of reasons, such as immigration, work, and
education. Nevertheless, conventional certificate systems
have numerous flaws. Credibility and trust are undermined
by their vulnerability to loss, tampering, and forgery. These
systems' centralisation also makes them susceptible to data
breaches and single points of failure. Furthermore, it is
frequently necessary to use middlemen and spend additional
expenditures in order to validate the authenticity of
certificates. To solve these issues and completely change
online credential management, blockchain technology has
surfaced as a game-changer.

A strong basis for developing safe and verifiable digital
credentials is provided by its decentralised, unchangeable,
and transparent characteristics. A distributed ledger that
keeps track of transactions in a series of linked blocks is the
fundamental component of blockchain [1, 14]. In order to
create an unchangeable chain of records, each block
includes a timestamp, transaction information, and a
cryptographic hash of the one before it. Once a certificate is
stored on the blockchain, it cannot be altered or removed
due to its intrinsic immutability [14].

Using blockchain technology in certificate systems has a
number of significant benefits. First, by making a record of
every certificate on the distributed ledger that is auditable
and impenetrable, it greatly improves security [14]. By
doing this, the possibility of forgery is eliminated, and the
legitimacy of credentials is guaranteed.
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Second, any authorised person, anywhere in the globe, can
easily and instantly verify certifications thanks to
blockchain [17, 18]. By doing this, the verification process
is streamlined and no middlemen are required. Thirdly, the
process of issuing and verifying certificates can be
automated using smart contracts, which are self-executing
agreements on the blockchain. This reduces human error
and administrative overhead [15, 16]. It is possible to
construct smart contracts to automatically issue certificates
when certain predetermined criteria are met, such finishing a
course or passing an exam.

There are several possible uses for blockchain-based
credential systems, especially in the field of education.

Numerous research have investigated the potential of
blockchain for academic credentialing, including badges,
micro-credentials, and degree certificates [9, 10, 11, 19].
These platforms give professionals and students more
authority over their credentials, making it simple for
individuals to communicate and validate their
accomplishments to prospective companies or academic
institutions [8]. To establish a safe and transparent record of
learning outcomes and accomplishments, blockchain can
also be connected with online learning platforms [6, 20, 22,
23, 24, 25, 26]. This can encourage lifelong learning and
help identify past learning.

Although blockchain-based certificate systems have many
advantages, there are also a number of difficulties.
Scalability is a major issue since blockchain networks must
effectively manage a high rate of certificate transactions [4].
Regulatory compliance is another crucial factor, especially
with regard to data protection laws like GDPR [13].
Widespread adoption also depends on compatibility
between various blockchain platforms and current systems
[12]. Notwithstanding these obstacles, further blockchain
technology research and development is opening the door to
more reliable and expandable solutions.

The design, features, and possible effects of blockchain-
based certificate production and validation systems are
examined in detail in this study. It looks at several ways that
blockchain is being used in education and other fields,
emphasising both the advantages and difficulties of this
technology. Using the references listed, this introduction
establishes the framework for a thorough investigation of
how blockchain technology might revolutionise online
certificate management.

1. LITERATURE SURVEY

With an emphasis on their suitability and possible
advantages for governmental institutions, this literature
review explores the present status of research and
development in online blockchain-based certificate creation
and validation systems. In government organisations,
traditional certificate management systems frequently

encounter issues with interoperability, efficiency, security,
and transparency.

A promising way to solve these problems and improve the
reliability and integrity of government-issued credentials is
using blockchain technology.

2.1 Blockchain Fundamentals and Applications:

The foundational technology of blockchain-based certificate
systems must be thoroughly understood before delving into
the intricacies. This is where foundational research, such as
that which you described in your paragraph, is essential. The
fundamental ideas and precepts that underpin blockchain's
operation are explained in these publications, which serve as
building blocks.

2.1.1.Understanding the Architecture:

A blockchain's architectural elements are probably covered
in papers like Zheng et al. [1], which describe how a
blockchain is set up as a distributed ledger. Blocks,
transactions, cryptographic hashing, and peer-to-peer
networks are likely among the topics they address. Gaining
an understanding of this architecture is crucial to
understanding how data is stored, verified, and protected on
a blockchain. It serves as the cornerstone for all blockchain
applications, including certificate administration.

2.1.2.Consensus Mechanisms: The Heart of Blockchain:
The consensus process is one of the main features of
blockchain technology. This procedure is how all network
users concur on the legitimacy of transactions and the
ledger's current status. Consensus mechanisms like Proof-
of-Work (PoW), Proof-of-Stake (PoS), or variants on these
are used by several blockchain systems. Foundational
articles describe the operation of these systems, their
advantages and disadvantages, and how they affect
performance and security. When assessing whether a
blockchain  platform is appropriate for certificate
administration, it is essential to comprehend consensus. For
instance, certain consensus techniques may be better suited
for use in government applications because of their security
or energy-saving characteristics.

2.1.3.Exploring the Broader Landscape of Applications:
Beyond cryptocurrencies, Monrat et al. [4] perhaps offer a
more comprehensive view of blockchain's possibilities.
They may investigate applications in voting systems, digital
identity, healthcare, supply chain management, and—most
importantly—eertificate management. Researchers and
readers can discover best practices that can be modified for
certificate systems and acquire insights into the adaptability
of blockchain technology by looking at these varied
applications. The particular use case of certificate
administration is more contextualised within the larger
blockchain ecosystem thanks to this wider viewpoint.
2.1.4.Connecting the Fundamentals to Certificate
Management:

The fundamental papers provide a link between the actual

use of certificate management and the abstract ideas of
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blockchain. They give the background information required
to comprehend why blockchain is a good solution to counter
the drawbacks of conventional certificate systems. For
example, the blockchain's immutability explains how it can
stop certificate records from being tampered with. Similarly,
knowing that the network is decentralised clarifies how it
may improve resilience and security.

2.1.5.Laying the Groundwork for Deeper Research:

In addition to being educational, these pioneering
investigations open the door for further focused studies on
credential management in the context of blockchain
technology. Along with a shared vocabulary and
comprehension of fundamental ideas, they offer a
framework for examining the unique opportunities and
problems related to this application. Later studies might then
expand on this framework by investigating particular
implementations, assessing results, and resolving any
possible drawbacks.

2.2 Security and Trust in Blockchain:

2.2.1.Analyzing Potential Attack Vectors:

The work on blockchain security by Ye et al. [2] is essential,
especially their attention to attack vectors like 51% attacks.
A 51% assault happens when one person or organisation
possesses more than half of the hashing power on the
network.

In theory, this majority control may enable them to alter the
blockchain in ways like undoing transactions or blocking
the confirmation of new ones. Designing safe blockchain-
based systems requires an understanding of the physics of
such attacks, their probability, and potential defences,
particularly for sensitive applications like certificate
administration. It's also important to carefully evaluate other
possible attack avenues, like denial-of-service assaults,
Sybil attacks, and smart contract weaknesses.

2.2.2.Trust-Free Cryptographic Transactions:

One of the main advantages of blockchain technology is its
capacity to facilitate trustless cryptographic transactions, as
highlighted by Beck et al. [14]. Transaction validation in
traditional systems frequently depends on reliable
middlemen. Blockchain secures and verifies each
transaction using encryption, doing away with the need for
these middlemen. This is especially important when it
comes to certificate administration, when confidence in the
issuing body is crucial. Blockchain's cryptographic
characteristics, such hashing and digital signatures,
guarantee the authenticity and integrity of digital
credentials. They eliminate the need for a central point of
trust by offering a provable connection between the
certificate holder, the issuing authority, and the certificate
itself.

2.2.3.Immutability and Transparency: Cornerstones of
Trust:

The inability to change or remove a certificate after it is
stored on the blockchain is known as immutability. Because
of the cryptographic connections between blocks, any

attempt to alter a previous record would need altering every
following block, which is computationally impossible in a
well-established blockchain network. The certificate's
immutability offers a strong guarantee that it is authentic
and hasn't been altered. In circumstances where verification
is essential, such as for academic degrees or land ownership
records, this is essential for building confidence in the
legitimacy of credentials.

Transparency: A certificate's history, from issue to any
modifications (such as revocation), may be viewed by
authorised parties due to the blockchain's transparency.
Because of the unparalleled transparency this audit trail
offers, it is simpler to confirm a certificate's authenticity and
identify any fraudulent activity. In addition to lowering the
possibility of corruption or manipulation, this transparency
increases public confidence in the system.

2.2.4.Security Considerations for Certificate
Management:

Despite the inherent security benefits of blockchain, certain
certificate management systems necessitate careful

consideration of a number of security factors:

+ Key Management: Private keys are used to sign and
access certificates, so it's critical to manage them
securely. The issue or manipulation of certificates without
authorisation may result from compromised keys.

« ldentity Management: Strong identity management
systems are necessary to connect blockchain addresses to
real-world identities. To make sure that the right people
or organisations receive certifications, this is crucial.

» Smart Contract Security: Security of Smart Contracts: To
avoid exploitable flaws, the code of smart contracts that
automate certificate-related procedures needs to be
carefully examined.

+ Scalability and Performance: Scalability and performance
are crucial security factors that become more significant
as the blockchain's certificate count increases. A high
transaction volume must be supported by the system
without sacrificing security.

2.2.5.Scalability and Performance Issues:
Governments have a significant concern with scalability as
blockchain technology advances and is integrated into
certificate management systems. Scalability can be limited
by transaction throughput and network speed when
performing many transactions, such as processing hundreds
or millions of certificates. In terms of scalability, the
balance between efficiency and security must be achieved.
The article by Chowdhury et al. [3] discusses some of the
most promising solutions of hybrid blockchain models and
sharding, which increases the efficiency of the system with
better transaction management without compromising the
security.

2.3 Certificate Systems Based on Blockchain for
Government Organizations

2.3.1. Benefits of blockchain for certificate management:
The basic advantages that blockchain technology exhibits
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are transparency, data integrity, and decentralization. These
very are the needs of credential management in government
agencies that are ever-changing. Therefore, it is possible to
advance security by decentralizing the existing centralized
points of failure and eliminating the possibility of certificate
forgery if Dblockchain was used for its issuance and
verification. For instance, Cheng et al. [15] and Ghazali et
al. [17] explain how blockchain technology makes the
verification process not only legitimate but also faster and
more effective. He [5] further shows how the distributed
nature of blockchain can prevent unwanted changes in
government-issued credential information.

2.3.2 Overcoming the for
Government :

Institutions Although blockchain technology appears to
provide greater advantages, a series of related barriers must
be addressed before governments can consider using this
technology extensively in certificate management. These are
as follows: & Interoperability issues among various
blockchain applications & Fulfilment of national and
international requirements € Integration with the traditional
systems already in place. According to Monrat et al. [4], the
smoothness of such transitions can only be guaranteed if the
governments align blockchain technologies with operational
specifications and legal frameworks. It is also, therefore
underlined by Alsobhi et al. [9] that developing
standardized, interoperable blockchain solutions widely
acceptable among governmental organizations.

Adoption Challenge

2.3.3 Practical Application and Examples:
The practical applications of blockchain in managing
certificates, especially in the area of education institutions,
have furnished important new understanding of how such
technology may be applied in public sectors. Several
successful deployments worldwide highlight that blockchain
technology makes it easier to verify, make safer, and
cheaper credentials management. Schulz and Hennis-
Plasschaert [13] have demonstrated cases for the adoption of
blockchain technology concerning academic credentials by
demonstrating that it is already in place within the higher
education system, and what the government organizations
could draw from early adoption. Moreover, Curmi and
Inguanez [16] have demonstrated how blockchain-based
solutions may make verifications of certificates both safer
and easier to the user and organization concerned.

2.4 Legal and Regulatory Aspects:

2.4.1. Dealing with Legal Consequences:

Ensuring compliance with current laws, especially those
pertaining to privacy restrictions, is a crucial factor to take
into account when deploying blockchain for certificate
administration in governmental contexts. While blockchain's
intrinsic openness and immutability are beneficial in
preventing fraud, they may clash with data protection
regulations like the GDPR, which limit the storing of
personal information in a way that is available to the public.
In providing alternative solutions to these issues, Nguyen et
al. [10] discuss hybrid blockchain models that bring together

the benefits of privacy protection with the requirement of
openness in certificate management.

2.4.2. Efforts to Standardize:
There must be an international effort to standardize
protocols if blockchain-based certificate systems are to be
widely adopted. This includes creating global standards for
data storage, techniques for issuing certificates and
verification. According to Beck et al. [14], the creation of
such standards is key to interoperability and confidence in
blockchain-based systems. Without well-defined standards
that are widely recognized, governments and organizations
might face challenges making their blockchain solutions
integrate seamlessly with current infrastructure.

2.5 Upcoming Patterns and Research Paths

2.5.1 Improving Interoperability through Blockchain:
With the increased usage of blockchain, interoperability
among multiple blockchain systems will be a key
requirement in verifying cross-border certificates. In this
respect, Zheng et al. [1] indicate that smooth
communication among blockchains is challenging, and
further research on protocols for interoperability will
determine scalability in blockchain-based certificate
systems.

2.5.2 Researching New Blockchain Models:

Future research will likely focus on private-preserving
blockchain models such as Zero-Knowledge Proofs, ZKPs.
In Government use cases, verification of certificates through
the government agency is a MUST without exposing their
private data so, a hybrid blockchain with the public and
private part only may be suitable for balancing transparency
and privacy in this regard.

2.5.3 Blockchain and Artificial Intelligence Integration:
Combining blockchain and artificial intelligence (Al) for
certificate validation may help detect fraud and improve
verification procedures. As investigated by Kim [11], Al-
driven systems may be able to recognize irregularities in
transaction patterns automatically, further automating and
protecting certificate certification.

1. MATERIALS AND METHODS

Certificate Generation Algorithm:
START

Step 1: Process Begin:

Depending on the information of the recipient, the
authorized organization or a government institute starts the
certificate generation process.

Step 2: User Authentication:
Using 2FA, the user authenticates by providing his or her
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login credentials (password and ID).

The system sends an OTP to the email-registered with the
user.To enhance the security, the user enters the received
OTP.

Step 3: Retrieving Data and Generating Certificates:
The system retrieves recipient information, such as name,
degree, course, etc. from the database.
The retrieved information is put into a digital certificate

Step 4: Encoding Security:

The generated certificate undergoes security encoding (like
hashing or digital signature) or encryption.

To prevent forgery, the certificate is given a unique
cryptographic key or identification.

Step 5: Certificate Storage:

A central database safely houses the encoded certificate.
The unique key of the certificate is stored in the database to
be used for verification later on.
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Certificate Validation Algorithm:
START

Step 1: User initiates verification process:
The user accesses the mobile application or the certificate
verification portal.

Step 2: User is forwarded to a secure website for
verification:

User is forwarded to a secure website for verification of the
certificate.

Step 3: Manual entry or QR code scanning:

User employs either the web scanner or the mobile
application to scan the QR code of the certificate.

Besides this, the certificate ID or unique identifier has to be
typed in as an input to the user.

Step 4: Decoding the Security Protocols:

The system will fetch the extracted cryptographic key or
obtain the certificate ID connected with the scanned
certificate.As a check, the system will decode the key and
compare with the data kept.

Step 5: Verify the Certificate:
The system compares the stored data with the certificate
data that contains the name of the receiver, course, and date.
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3.1 MATERIALS

Security Protocol Decoding

Hardware, software, and security protocols are the key
components of this online blockchain-based certificate
generation and verification system. Servers and networking
infrastructure are pieces of hardware used to facilitate the
safe transfer and storage of data. The various software tools
then manage encryption and certificate creation. They also
deal with the linking of the databases with the government.
APIls enable easier communication between systems, yet
blockchain ensures the records cannot be changed.
Encryption ensures that personal information is protected
during the certificate production and verification process.

Below resources will demand the building of Online
Blockchain-Based Certificate Generation and Validation
System.:

3.1.1. Blockchain Technology:-

Platform: Public or Permissioned Blockchain platform like
Ethereum or Hyperledger; Any Customised blockchain is
applied to assure Immutability about the data of certificate
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which stores safe. The Mechanism for Consensus of
Blockchain should ensure safe energy-friendly validation
mechanism PoS and Proof of Authority in it.

3.1.2. Smart Contracts:

Uses the blockchain to automatically issue, validate, and
verify certificates.

Such assurances guarantee that certification is secure, open,
and reliable.

3.1.3. Cryptographic Techniques:

SHA-256 is an instance of hash functions which make
unique certificate hashes. The digital signatures used can be
ECDSA or RSA. Those signatures authenticate certificate
issuers.

3.14. Front-end user interface:
Simple smartphone application or web portal that lets
citizens request certificates and also monitor the verification
and issuance status
has an admin dashboard tracking verification and issuance
status

3.1.5. Backend infrastructure:
Off-chain Database: The metadata of certificate is kept only
on the blockchain. Non-sensitive user data, such as personal
contact  information  will be  stored  securely.
APIs:  Third-party verification systems, government
databases, and the blockchain system are allowed to
communicate with each other.

3.16. Gateway for payments (if applicable):
An integrated online payment platform to manage
registration fees and any other fee associated with issuing
certificates.

Major elements of the blockchain-based certificate
generation and validation system are blockchain technology,
database systems, web-based applications, and security
measures. Blockchain is the fundamental structure behind
the assurance of integrity and tamper proof and unalterable
certificates [1][4]. User data and certificates are saved in a
central or distributed database that renders it safe and easy
to access [16]. The system uses certificates with QR codes,
which contain unique 1Ds, making it easy to verify using
scanning equipment [15]. To make it easy to use an
interface in accessing the system and carrying out certificate
verifications, a web-based application is also required
[6].[8]. Security methods such as hashing and cryptographic
encryption are applied to secure the data and privacy during
the lifespan of the certificate [3][7].

3.2 METHODS

This system utilizes blockchain logging, security certificate
production, and verification. The processing of user data
and encoding it on the blockchain for authenticity leads to
certificates. Users can validate certificates and initiate a
blockchain verification by scanning a special QR code.
Two-factor authentication is an additional degree of

protection during construction, as each attempt at
verification is recorded in blockchain records. These
techniques guarantee data security and integrity at every
stage.

The methods used in developing the Online Blockchain-
Based Certificate Generation and Validation System for
Government Organizations are outlined below:

3.2.1 Identification of requirements to design the system:

Requirements Gathering:

Determine the characteristics of the blockchain-based
certificate system in terms of which specific needs to be
fulfilled on the part of the government agency.

Identify security protocols, and the data types required (for
instance, issuer information, and certificate data).

Design:

Develop a user-centric system architecture that combines a
database, a smart contract and blockchain

Developing the user interface for an admin in terms of the
system for the governments and user interface for citizens.
Blockchain network scalable for executing multiple
certificates concurrently

Implementations:

The blockchain protocol should be deployed in a secure way
and generation, issuance, or validation of certificates occur.
Smart contracts have to be developed to self-verify and
issue certificates.

Certificate data is validated using Cryptographic algorithms
to secure it.

Testing:

To ensure the system's strength in its performance,
functionality, and mechanisms of data protection, do
security audits, unit tests, and integration tests.

To ensure that the system meets the needs of its users,
perform a user acceptability test (UAT).

3.2.2 Things that Should Consider When Designing a
System

Scalability: As more usage of blockchain technology goes
on, the system needs to take a huge number of certificate
transactions.

Security: Deal with digital signatures' private keys in a
secure way and store sensitive data encrypted.

Compliance: Comply with policies and regulations imposed
on data privacy and secrecy, such as GDPR.

Integration: Check interoperability with third-party
certificate verification service providers and current public
registers.

User-Friendly Interface: Design the system for easy
navigation, ensuring it is accessible to a wide range of users,
including those with disabilities.
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3.2.3 Data Integration

APIs Development

Develop APIs so that the system can easily integrate with
other government systems, such as immigration, education,
and social security.

Certificate details shared between external parties should be
allowed easily by the system.

Data Mapping

Determine what protocol will be used on how data safe
transfer from external government databases to the
blockchain system.

Integrated Testing

It must be tested if the data is properly in sync and if it
communicates with external systems. That is done through
the integration testing of the blockchain system.

3.2.4 Security and Privacy

Data Encryption
All the sensitive information of the user should be encrypted
in motion and at rest through AES-256 encryption protocols.

Access Control

Implement role-based access control or RBAC that restricts
access to the system based on the roles assigned to the users,
say, administrators and certificate holders.

Digital Signatures

Digital Signatures be used to prove authenticity of
certificate issuers for protection against forgery and
tampering.

Periodic security audit
Conduct frequent vulnerability scan and security audits in
order to determine and mitigate the threats

3.2.5 Data Integrity and Quality

Data Verification:
Verify the data through tests carried out stringently to
prevent invalid or partial information of the certificate from

logging in.

Data Retrieval and Recovery:

An off-chain disaster recovery plan with routine data
backups will be designed to maintain the integrity of the
blockchain as well as databases.

Data Standardization:
All fields related to certificate issuing like names, dates, and

identity numbers, among others should be standardized. All
records need uniformity on them.

3.2.6 User Interface Design

User-Centered Design:

Facilitate a citizen-friendly interface requiring minimal
training to the citizens as well as representatives of the
government.

Mobile Friendly:

Ensure the user interface is responsive so that users can
easily use smartphones and tablets to request, download,
and verify certificates.

Accessibility:

Ensure the system is accessible for people with disabilities
by including tools such as voice commands and screen
readers.

3.2.7 User Instructions and Support:

User Training:

Train them to browse and use this blockchain-based system
of certificates easily and successfully with the help of the
government working people.

Technical Support:

Provide technical support in the following means:
Technical assistant staff: Have a technical assisting staff to
serve any problem solving or inquiry over the blockchain-
based certificate system to the users and visitors.

Internet resources and hot line desk:
Online materials providing tutorials and solutions to
frequently asked questions.

3.2.8 Monitoring and Evaluation Performance Metrics:

Performance Metrics:

Set up and monitor KPIs, such as customer happiness,
certificate issuing time, and transaction speed.

Regular Observation:

Monitor the functionality of the system to identify any
issues or potential areas for improvement.

Evaluation:
Evaluate the system's effectiveness in accelerating
certificate issuance and verification on a regular basis.

Incentives of Monitoring and Evaluation Process:
Enhancing user experience in terms of location of
bottlenecks and resolution of flaws of the system.

Making decisions based on data to improve user satisfaction
and system performance.

This means improved accountability and openness in the
process of issuing certificates.
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First comes the user authentication, which secures login
using Two-Factor Authentication (2FA) that prevents
unwanted access [16]. After the successful authentication
process, the system produces a digital certificate and
retrieves user information from the database. The certificate
is, therefore, encrypted and saved to the blockchain, using a
unique cryptographic key that will ensure further validation
[17]. To verify the integrity of a certificate, the latter can be
simply scanned using any web-based app that reads off the
key belonging to the specific certificate from the
blockchain, decoding it and compares the information
fetched with recorded ones [19]. Regular audits assure
protection against risks and breaches by encrypting, hashing
certificates which ensure security as well as secrecy [12].
This means that in keeping an open and safe audit trail,
every access or verification attempt is also recorded on the
blockchain [14].

IV. RESULTS

This section further analyzes the result of implementing and
evaluating the Blockchain-Based Certificate Generation and
Validation System. Here, the efficiency, transaction
performance, cost-effectiveness, security, and scalability of
the proposed system were examined in comparison with the
conventional digital certificate storage methods in order to
exhibit its strengths over them.

4.1 Security and Integrity

Authenticity of certificates must be ensured to prevent
forgery and data breaches. Traditional centralized databases
suffer from security breaches such as unauthorized
modification and single points of failure [2], [10]. It is then
incorporated that blockchain technology minimizes these
risks through cryptographic hashing and decentralized
validation [1], [11].

In order to test security, 500 certificates held in the
blockchain were tried to be changed. The system
successfully blocked all unauthorized changes and
maintained full integrity [10].

Table I: Security Analysis - Blockchain vs. Traditional
Systems

Security Traditional Blockchain Source

Parameter System System
ar:)?jli}?gtiif)er?s Possible Not Possible H%
[R)?stli Breach High Low E]Z]
e e o
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Security Traditional Blockchain Source
Parameter System System
- . [3],
Transparency Limited High [15]
Tamper-Proof [1].
Records No ves [10]

These results prove that blockchain removes the
unauthorized amendment and ensures high transparency and
security [1], [10].

Figure 1: Unauthorized Modification Attempts - Success
vs. Failure

Unauthorized Modification Attempts - Success vs. Failure
100%

100 - mmm Successful Modifications
EEE Failed Modifications

80%
80

60

Percentage (%)

40

20

Traditional System

Blockchain System
System Type

(Graph Placeholder: A bar chart of modification success
rate in traditional systems versus blockchain systems.)

4.2 Transaction Speed and Scalability

As mentioned, blockchain-based decentralized processing
improves transaction speed compared to centralized
systems, as validated in [3], [6]. Application of smart
contracts results in considerably faster and more efficient
certificate issuance [5], [15].

The issuance times of 100, 200, and 500 certificates were
measured to determine the performance.

Table II: Certificate Issuance Time (in Seconds)

Batch | Traditional | Blockchain | Performance | Source
Size System System Improvement
100 4.5 sec 2.4 sec 46.7% Faster | [3], [5]
200 4.7 sec 2.5 sec 46.8% Faster | [6],
[15]
500 5.2 sec 2.6 sec 50.0% Faster | [1],
[11]
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The blockchain-based system showed lower latency on
transactions constantly, which also confirms the related

work on the scalability of blockchains [6], [15].
Figure 2: Issuance Speed of Certificate in Traditional vs.

Blockchain

Certificate Issuance Speed Comparison

v

4.55

N w e
T T T

Issuance Time (Seconds)

-
T

Emm Traditional System
[ mmm Blockchain System

100

200

5.2s

500

Batch Size (Number of Certificates)

(Plot: Line chart of issuance time for traditional vs.
blockchain over different batch sizes.)

4.3 Cost Efficiency and Resource Optimization

Traditional certificate storage requires huge server
maintenance costs and large storage capacity, thus
expensive to run [7], [12]. Blockchain systems optimize

resources by storing only hashes; hence, a reduction in the
storage needs but still maintaining security [8], [14].

To measure cost-effectiveness, we analyzed storage
requirements and verification time.

System Storage Verificatio Cost Sourc
Requireme n Time Reductio e
nt (MB) (ms) n
Traditiona | 500 MB 120 ms 0% [71,
| [12]
Blockchai | 320 MB 45 ms 35% [8],
n Lower [14]

Table I11: Cost Efficiency - Storage and Verification

Time

The results point out that blockchains reduce storage costs
by 35% and facilitate 62.5% faster verification, aligned with
other relevant research [7], [14].

Fig. 3: Cost vs. Verification Speed

Effici

© 2025, IJSREM
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Cost vs. Verification Speed Efficiency
500

500 Storage Requirement (MB)
mmm Verification Time (ms)

400

320
3001

Value

200

120
100
45

0

Traditional System Blockchain System

System Type
( Graph Representation : A bar chart of the storage and
verification times of both the systems.)

4.4 Certificate Verification Success Rate
The verification success rate under different conditions like
network congestion and high system load can be used as the
critical performance metric in evaluating blockchain [9],
[17]. Resiliency testing under systems involves 1,000
verification requests under three conditions: Low Network
Latency -

1. ldeal Conditions

2. High Network Latency - Slow Connectivity

3. High System Load - 500+ Concurrent Requests

Table 1V: Certificate Verification Success Rate (%)

Condition Success Failure Cases | Source
Rate (%0) (per 1000
requests)
Low Network 99.8% 2/1000 [9], [18]
Latency
High Network | 97.5% 25/1000 [13],
Latency [17]
Heavy Load 96.2% 38/1000 [14],
(500+ Requests) [20]

The blockchain system retained a high success rate of over
96% at all times, thus guaranteeing its integrity in real life
[13], [20].

Figure 4. Verification success rate under various
conditions
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or Verification Success Rate Under Different Conditions

98| 99.8%

94

Success Rate (%)

92t

90 Low Network Latency High Network Latendyeavy Load (500+ Requests)

Condition
(Graph to be inserted: Bar chart illustrating the success
rates of different conditions)

4.5 System Load Testing and Computational
Performance

Scalability was proven through the throughput testing of a
system under 100, 500, and 1000 concurrent requests [1],
[3], [21]. These confirmed blockchain had better transaction
throughput as compared to centralised models [15], [19].

Table V: System Throughput (Transactions Per Second -
TPS)

Concurre | Tradition | Blockchai | Performanc | Sourc
nt al System | n System e e
Requests TPS TPS Improveme
nt
100 25 TPS 42 TPS 68% Faster | [1],
[3]
500 18 TPS 39 TPS 116% [15],
Faster [19]
1000 12 TPS 35 TPS 191% [21],
Faster [22]

The blockchain system demonstrated superior scalability,
supporting high-volume transactions [15], [22].

Figure 5: System Load Testing - TPS Comparison
Sys;czem Load Testing - TPS Comparison

EEm Traditional System TPS
= Blockchain System TPS
35

2R NN W W s
o w o wuw © wu o
- - . . - - -

Transactions Per Second (TPS)

w
T

o

500
Concurrent Reauests

© 2025, IJSREM | www.ijsrem.com

(Graph Placeholder: A line graph showing TPS
performance.)

V. CONCLUSION

For online credential management, blockchain technology
offers a convincing answer to the persistent problems of
efficiency, security, and trust. This investigation has
demonstrated that conventional certificate systems are
susceptible to a number of dangers, such as illegal access,
tampering, and forging.

In addition to causing major administrative costs, these
weaknesses undermine confidence in the legitimacy of
credentials. The intrinsic qualities of
blockchain—transparency, immutability, and
decentralisation—provide a strong substitute that has the
potential to completely transform the way we create, verify,
and handle digital certificates.The capacity of blockchain to
produce a safe and auditable record of each certificate
issued is its main advantage [14]. Cryptographic hashing
and the distributed ledger make it nearly hard to remove or
change a certificate after it has been recorded [14]. The
reliability of digital credentials is increased and the risk of
fraud is greatly decreased by this immutability.

Furthermore, the system is more resistant to attacks and data
breaches since blockchain's decentralised design removes
single points of failure [2, 3].Blockchain simplifies the
certificate verification procedure in addition to providing
security. Without the need for middlemen, authorised parties
can quickly and simply confirm a certificate's authenticity
by use the distributed ledger [17, 18]. This streamlined
verification procedure reduces administrative overhead for
both individuals and organisations by saving time and
money.

From certificate issuance to verification, the application of
smart contracts further automates the process, reducing
human error and boosting productivity [15, 16].
Blockchain-based certificate systems have many potential
uses in a wide range of industries. The management of
academic credentials, micro-credentials, and badges in
education can be revolutionised by blockchain [9, 10, 11,
19]. By enabling people to readily share and validate their
accomplishments with prospective companies or educational
institutions, it gives students more control over their
credentials [8].

Furthermore, a transparent and safe record of learning
outcomes can be produced by integrating blockchain
technology with online learning platforms, which will
increase confidence in online learning [6, 20, 22, 23, 24, 25,
26].Even though there are many advantages, there are still
difficulties. Important factors for broad adoption include
scalability, interoperability, and regulatory compliance,
particularly with regard to data protection regulations like
GDPR [13] [4, 12]. It is essential to make sure blockchain-

DOI: 10.55041/IJSREM41957 |
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based systems can manage a high volume of transactions
while abiding by data protection laws.

For smooth integration, it is also crucial to set
interoperability standards between various blockchain
platforms and current systems.Blockchain technology is
clearly gaining traction in spite of these obstacles.
Scalability and interoperability concerns are being
addressed by ongoing research and development.
Additionally, growth is being fuelled by rising demand for
safe and verified digital credentials as well as increased
knowledge of blockchain's advantages. We may anticipate a
broader use of blockchain-based certificate systems as the
technology advances and the regulatory environment clears

up.

Conclusively, blockchain holds promise for revolutionising
online certificate management and bringing about a period
of increased efficiency, transparency, and trust. Blockchain
provides people and organisations with safe and
authenticated digital credentials by resolving the intrinsic
flaws in conventional methods. Even though there are still
obstacles to overcome, the advantages are obvious, and
online certificate management will surely continue to
develop in tandem with blockchain technology.

VI. REFERENCES

[1] Zheng, S. Xie, H. Dai, X. Chen and H. Wang, "An
Overview of Blockchain Technology: Architecture
Consensus and  Future  Trends", 2017 |IEEE
International Congress on Big Data (BigData
Congress), pp. 557-564, 2017.
[2] C. Ye, G. Li, H. Cai, Y. Gu and A. Fukuda,
"Analysis of Security in Blockchain: Case Study in
51%-Attack Detecting”, 2018 5th International
Conference on Dependable Systems and Their
Applications (DSA), pp.

15-24, 2018.
[3] M. J. M. Chowdhury, A. Colman, M. A. Kabir, J.
Han and P. Sarda, "'Blockchain Versus Database: A
Critical Analysis", 2018 17th IEEE International
Conference On Trust Security And Privacy In
Computing And Communications/12th IEEE
International Conference On Big Data Science And
Engineering.
[4] A. A. Monrat, O. Schelén and K. Andersson, "A
Survey of Blockchain From the Perspectives of
Applications Challenges and Opportunities”, 1EEE
Access, vol. 7, pp. 117134-117151, 2019.
[5] Benyuan He, “ An Empirical Study of Online
Shopping  Using  Blockchain T  echnology”,
Department of Distribution Management, Takming
University of Science and Technology, Taiwan, R.O.C,,
2017.
[6] . P. Oganda, N. Lutfiani, Q. Aini, U. Rahardja,
and A. Faturahman, * * Blockchain education smart
courses of massive online open course using business

model canvas, in Proc. 2nd Int. Conf. Cybern. Intell.
Syst.  (ICORIS),Oct. 2020, pp. 1-6, doi:
10.1109/ICORIS50180.2020.9320789.

[7]1 E. Kahraman. (Oct. 28, 2021). Wharton Accepts
Crypto Payments for Blockchain Program Tuition
Fees. Accessed: Feb. 14, 2023. [Online]. Available:
https://cointelegraph.com/news/wharton-accepts-crypto-
payments-for-blockchain-program-tuition-fees

[8] P. Bhaskar, C. K. Tiwari, and A. Joshi,
* * Blockchain in education management: Present and
future applications,” * Interact. Technol. Smart Educ.,
vol. 18, no. 1, pp. 1- 17, May 2021, doi:10.1108/ITSE-
07-2020- 0102.
[9]H.A.Alsobhi,R.A.Alakhtar,A.Ubaid,O.K.Hussain,a
ndF.K.Hussain, * * Blockchain-based micro-
credentialing system in higher education institutions:
Systematic literature review,” * Knowl.-Based Syst.,
vol. 265, Apr. 2023, Art. no. 110238, doi:
10.1016/j.knosys.2022.110238.

[10] D.-H. Nguyen, D.-N. Nguyen-Duc, N. Huynh-
Tuong, and H.-A. Pham, * * CVSS: A blockchainized
certificate verifying support system,” > in Proc. 9th Int.
Symp. Inf. Commun. Technol. (SolCT), 2018, pp.
436- 442, doi: 10.1145/3287921.3287968.

[11] S.-K. Kim, “ * Blockchain smart contract to
prevent forgery of degree certificates: Atrtificial
intelligence consensus algorithm,” > Electronics, vol.
11, no. 14, p. 2112, Jul. 2022,
doi:10.3390/electronics11142112.

[12] A. Mohammad and S. Vargas, * * Challenges of
using blockchain in the education sector: A literature
review,” > Appl. Sci., vol. 12, no. 13, p. 6380, Jun.
2022, doi: 10.3390/app12136380.

[13] M. Schulz and J. A. Hennis-Plasschaert,
Regulation (Eu) 2016/679 Of The European Parliament
And Of The Council of 27, April 2016, Official Journal
of the European Union, [Online]. Available:
http://data.europa.eu/eli/reg/2016/679/0j

[14] Beck Roman, Czepluch Jacob, Lollike Nikolaj
and Malone Simon, "BLOCKCHAIN - THE
GATEWAY TO TRUST -FREE CRYPTOGRAPHIC
TRANSACTIONS", Research Papers, no. 153, 2016.
[15] J.-C. Cheng, N.-Y. Lee, C. Chi and Y.-H. Chen,
"Blockchain and smart contract for digital certificate”,
2018 IEEE international conference on applied system
invention (ICASI), pp. 1046-1051, 2018.

[16] A. Curmi and F. Inguanez, "Blockchain based
certificate  verification  platform”,  International
Conference on Business Information Systems, pp. 211-
216, 2018.

[17] O. Ghazali and O. S. Saleh, "A graduation
certificate verification model via utilization of the
blockchain technology", Journal of Telecommunication
Electronic and Computer Engineering (JTEC), vol. 10,
no. 3-2, pp. 29-34, 2018.

[18] J. Chen, S. Yao, Q. Yuan, K. He, S. Ji and R. Du,
"Certchain: Public and efficient certificate audit based on
blockchain for tls connections”, IEEE INFOCOM 2018-
IEEE Conference on Computer Communications, pp.
2060-2068, 2018.

© 2025, IJSREM | www.ijsrem.com

DOI: 10.55041/IJSREM41957 |

Page 11


http://www.ijsrem.com/

@&l \zg
. IJSREM . . . . . . .
o International Journal of Scientific Research in Engineering and Management (I[JSREM)
ReLAIS  Volume: 09 Issue: 03 | March - 2025 SJIF Rating: 8.586 ISSN: 2582-3930

[19]M. Baldi, F. Chiaraluce, M. Kodra and L.
Spalazzi, "Security analysis of a blockchain-based
protocol for the certification of academic credentials",
arXiv preprint arXiv:1910.04622, 2019.

[20] Millicent N. Ubaka-Okoye et al., “ Blockchain
Framework for Securing E-Learning System,”
International Journal of Advanced Trends in Computer
Science and Engineering, vol. 9, no. 3, pp. 2933-2940,
2020. [CrossRef] [Google Scholar] [Publisher Link]

[21] Matthew B. Hoy, “ An Introduction to the
Blockchain and its Implications for Libraries and
Medicine,” Medical Reference Services Quarterly, vol.
36, no. 3, pp. 273-279, 2017. [CrossRef] [Google
Scholar] [Publisher Link]

[22] Hamzah Ali Arishi, Dinesh Mavaluru, and R.
Mythily, “ Blockchain Technology and its Applications
for Virtual Education,” Journal of Advanced Research in
Dynamical and Control Systems, vol. 10, no. 13, pp.
1780-1785, 2018. [Google Scholar]

[23] Han Sun, Xiaoyue Wang, and Xinge Wang,
“ Application of Blockchain Technology in Online
Education,”  International Journal of Emerging
Technologies in Learning, vol. 13, no. 10, pp. 252-259,
2018. [CrossRef] [Google Scholar] [Publisher Link]

[24] Masumi Hori et al., “ Learning System based on
Decentralized Learning Model Using Blockchain and
SNS,” Proceedings of the 10th International Conference
on Computer Supported Education, vol. 1, pp. 183-190,
2018. [CrossRef] [Google Scholar] [Publisher Link]

[25] Stéphane Silva, Francisco Pires, and Jorge
Bernardino, “Editorial Platform in Blockchain for
Application in Higher Education,” Proceedings of the
16th International Joint Conference on e-Business and
Telecommunications, vol. 1, pp. 221-227, 2019.
[CrossRef] [Google Scholar] [Publisher Link]

[26] Bin Duan, Ying Zhong, and Dayu Liu,
“ Education Application of Blockchain Technology:
Learning Outcome and Meta-Diploma,” 2017 IEEE
23rd International Conference on Parallel and Distributed
Systems (ICPADS), Shenzhen, China, pp. 814-817,
2018. [CrossRef] [Google Scholar] [Publisher Link]

© 2025, ]JSREM | www.ijsrem.com DOI: 10.55041/IJ]SREM41957 | Page 12


http://www.ijsrem.com/

