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Abstract

The increasing occurrence of academic credential fraud and inefficiencies in the verification
procedures has emerged as a critical issue for higher education institutions around the world. The
traditional manual centralized systems are likely to be manipulated with data, or are likely to be
unauthorized and have a lengthy manual verification process, which can take a long time of up to
7-15 days in cross-institutional structures. The paper presents a blockchain-based architecture aimed
at providing secure, transparent, and tamper-resistant management of academic credentials. It uses
a decentralized structure based on distributed ledger technology, smart contracts, and cryptographic
hashing to allow real-time issuance, storage, and verification of certificates. The proposed
methodology combines a permissioned blockchain network where universities are the validating
nodes, and data integrity is ensured by a consensus mechanism. An Ethereum-based smart contract
prototype model is developed, and the performance is measured in terms of transaction latency,
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throughput, and security resilience. According to the results of the experiments, the credential
verification time is diminished, on average, by 10 days to less than 20 seconds, and the accuracy of
the system detecting unauthorized modifications rises to over 99.8%. The framework is also more
scalable, supporting up to 5,000 concurrent verification requests with minimal latency overhead.
The results show that blockchain implementation has a significant positive impact on trust, a
decrease in operational costs by about 40%, and the absence of the need to rely on third-party
verification agencies. The paper concludes that credential management systems based on blockchain
are a powerful and future resilient solution to higher education, and with some potential to become
a part of global academic and employment ecosystems. The subsequent research in this field is on
the interoperability standards and integration with national education databases to further encourage
adoption and scalability.

Keywords: Blockchain, Academic Credentials, Tamper-Proof Systems, Smart Contracts, Higher
Education, Decentralized Verification, Data Security.

1 Introduction

The reality and sanctity of academic qualifications have become the biggest problem in higher education,
with the ubiquity of certificate forgery, data manipulation, and inefficiency of the verification system.
Traditional credential management practices are mostly founded on central databases and manual
authentication systems that have been known to be both time-consuming and costly, and are usually
prone to security breaches (Babu et al., 2022). Inter-institutional communication is involved in the
verification process, and can readily disrupt the chain to graduates and even employers, and adds to the
administrative overhead. In addition, centralized systems are not transparent and can be easily altered
by unauthorized people, therefore, weakening trust in academic qualifications (Sharwani & Melo, 2024).

The recent literature emphasizes that fraudulent academic credentials not only influence the
institutional credibility, but also lead to additional socio-economic effects by allowing people with
fraudulent academic credentials to enter into the professional fields (Nousias et al., 2022). The growing
cross-border flow of students and professionals is also contributing to the need to have a universal,
verifiable, and secure mechanism of credentialing (Jain, 2025). Even the current digital solutions, though
an improvement on the paper-based solutions, still rely on trusted intermediaries, and this adds risks of
points of failure and limited scalability (Nadeem et al., 2023; Kowalski & Nowak, 2024).

A new technology known as blockchain has emerged to assist in solving these problems because it
provides a decentralized, immutable, and transparent system that can be used to handle data. Its main
properties, such as distributed ledgers, cryptographic hashing, and consensus mechanisms, allow safe
storing and verifying of academic records without referring to centralized authorities (Kabashi et al.,
2024). A number of studies have shown that credential systems based on blockchain can be highly
effective in terms of efficiency in the verification process and guaranteeing data integrity and resistance
to tampering (Kumutha & Jayalakshmi, 2022). Also, permissioned blockchain networks have been
considered to be controlled access whilst maintaining transparency and trust among the institutions
involved in it (Babu et al., 2022; Tamrakar, 2025).

Later on, there are also technologies such as smart contracts and zero-knowledge proof of identity
that are used to automatically issue credentials and perform verification procedures that do not violate
the privacy of the party being verified (Cuya & Palaoag, 2024). The empirical evidence indicates that
systems that are facilitated by blockchain is able to reduce the time of verification, minimize operation
costs, and increase the interoperability of the systems across institutions (Alsobhi et al., 2023). Despite
the above advantages, other challenges such as scalability, regulatory compliance, and standardization
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remain the subject of research (De Alwis et al., 2025). Thus, a strong and scalable blockchain-based
system that provides security and tamper-proof management of academic credentials and addresses
current limitations of higher education systems is critically needed.

Key Contributions

e The paper presents a new blockchain-based system that can be used to manage academic
credentials, including credentialing, revoking, reinstating, and re-evaluating academic credentials,
as a response to the weaknesses of centralized systems of verifying academic credentials.

e To maintain data integrity and scalability, the study presents a permissioned blockchain
architecture, combined with smart contracts and hybrid on-chain/off-chain storage.

o A lightweight verification algorithm, which is built on cryptographic hashing, is designed to support
real-time and automated validation of credentialing.

e Experimental evaluation shows that the proposed model is effective, as the performance of the
implemented model demonstrates significant improvements, such as a decrease in verification
latency, an increase in throughput, and a data integrity rate of more than 99%, which proves the
effectiveness of the proposed model.

The rest of this paper is organized in the following way. Section I gives the introduction, which gives
a statement of the research problem, significance, and motivation behind adopting blockchain in
academic credential management. Section II examines the current literature associated with the
blockchain-based verification systems and determines research gaps. Section III outlines the proposed
methodology, including the system architecture, workflow, algorithm, and mathematical formulation.
Section IV presents the experiment results, details of the implementation, the characteristics of the
dataset, the performance evaluation, the comparison metrics, and the ablation analysis. Finally, Section
V is the last section of the paper that not only summarizes the key findings of the paper, but also provides
recommendations on the direction the future research should take.

2 Literature Review

The previous studies have greatly addressed the issue of the application of blockchain technology to
secure and manage academic credentials, and how the blockchain technology could be used to address
the weaknesses of traditional systems. A number of works suggest decentralized designs that do not rest
on centralized authorities and provide the integrity and transparency of data. To give an example, it has
been proven that blockchain technology is able to guarantee permanent storage systems and effective
authentication processes, which reduces the possibility of forging documents and other unauthorized
manipulations (Abdullah, 2024). Likewise, interoperability and trust can be enhanced by the exchange
of academic records between institutions, which can be safely done (Jadon et al., 2026).

A number of studies have been anxious about the application of smart contracts to verify and grant
certificates. The automated processes considerably reduce the role of administration and also the amount
of human error during the process of ensuring credentials (Dash et al., 2022). In addition to this, it has
been found that permissioned blockchain networks prove to be efficient, whereby only authorized
institutions can participate in the network as validating nodes, which in turn ensures privacy and
controlled access to sensitive academic information (El Koshiry et al., 2023). Cryptographic techniques
also improve the security of a system because it is easy to detect tampering and securely authenticate
users of a system (Balobaid et al., 2023).
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The other aspects, like performance and scalability, are also researched in the recent literature. As
demonstrated in experimental analysis, blockchain-based systems have the ability to efficiently process
a high number of verification requests with reduced latency, compared to a traditional solution (Silaghi
& Popescu, 2025; Reginald, 2025). Moreover, it has been suggested that a hybrid architecture
incorporating blockchain and cloud storage can be used to achieve maximum storage efficiency and
preserve the integrity of data (Chandra et al., 2024).

Some other studies have investigated how it is possible to empower students to exercise control over
their credentials using the models of decentralized identifiers and self-sovereign identity (Shuaib et al.,
2022). Although it has made these improvements, some challenges have been left. A few barriers to the
widespread adoption have been identified as scalability, power consumption, and regulatory issues
(Sunny et al., 2022). Also, the absence of standardization between institutions and blockchain platforms
hinders the integration and interoperability (Manoj & Krishnan, 2023).

The literature reviewed shows that blockchain technology is a safe, transparent, and efficient solution
to manage academic credentials and use decentralization, immutability, and automation. Even though
some of its features, like scalability, compliance with standards and regulations, etc., are yet to be
discussed, the existing literature has already demonstrated that it can make the process of verification
much faster, cheaper, and safer in terms of data protection. It is the gaps that create the need to have a
holistic framework that not only ensures a tamper-proof credential management, but also addresses the
issues of interoperability and performance in real-life higher education settings.

3 Methodology

The proposed methodology explains a blockchain-based system that is supposed to guarantee
tamper-proof and efficient management of academic credentials in institutions of higher learning. The
architecture consists of a stacked architecture where the stakeholders, students, universities, and
employers interact via a single application interface, which is used to mediate issuance, storage, and
verification of the credentials. The first of these is that institutions produce digital certificates, which are
digested by a credential module that does the validation and hashing. The resulting hash is a distinct key
of the credential, and is available to a permissioned blockchain network via smart contracts. The
transactions are recorded on a distributed registry. On agreement of the authorized nodes, these smart
contracts are the final phase of the issuance cycle. The blockchain is also transparent and immutable,
and this prevents any illegal tampering of academic records. In the meantime, the full set of credential
documents is stored in off-chain data store systems, and the corresponding hashes of these documents
are stored on-chain to ensure integrity and reduce storage overhead. In the verification process,
employers or third parties send a credential request to the system, and the system recalculates the hash
of the submitted document and compares it to the value previously stored in the blockchain to identify
authenticity. Such a general flow greatly decreases the time of verification, increases trust, and removes
the necessity to rely on the centralized authorities.
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Figure 1: Architecture of the proposed blockchain-based academic credential management system

The architecture of the proposed system is shown in figure 1, and it consists of five key players: the
user layer (students, universities, employers), application layer, service layer (authentication, smart
contracts, credential processing), blockchain network layer, and storage layer (on-chain and off-chain).
The figure indicates the data flow between the generation of credentials and their recording to the
blockchain and final verification, which is decentralized, resistant to tampering, and offers secure
exchange of data.

Algorithm 1: Blockchain-Based Academic Credential Verification
Input:

C: Digital Academic Credential

ID: User Identity

Kpup, Kpyr: Public and Private Keys

Output:
V: Verification Status (Valid / Invalid)

Pseudocode:

Begin
Receive credential C and user identity ID
Authenticate the user using K,,,;, and K,

Extract credential data D from C
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Generate hash H1 = Hash(D)
Retrieve stored hash H2 from the blockchain using the smart contract
If H1 == H2 then
V = Valid
Else
V = Invalid
End If
Return V
End

Algorithm 1 shows the steps to be followed in the verification of academic credentials using
blockchain. The steps involved in this process are to obtain the digital credential. C and user identity ID.
The system first performs user authentication using the corresponding public and private keys. Kp,,;, and
K, ensuring that only authorized entities can initiate the verification process. Once authentication is
successful, the credential data D is extracted from the submitted document. A cryptographic hash H; is
then generated from the extracted credential data using a secure hashing function. This hash performs
as a distinct digital fingerprint of the credential. Eventually, the system associates with the blockchain
network via a smart contract to get the stored hash H,, which was authentically recorded during the
credential issuance process. The verification step involves a direct comparison between the generated
hash. H; and the blockchain-stored hash H,. If both values match, the credential is confirmed as
authentic, and the verification status is set. V is set to valid. Otherwise, in case of any mismatch, it
suggests that there is a possibility of tampering or forgery, and the credential is indicated as invalid. The
algorithm is based on the fact that blockchain records cannot be changed, and cryptographic hashing is
collision-free and therefore provides secure and reliable verification. The solution automates the
validation process by using smart contracts, eliminating manual intervention, shortening the verification
process, and increasing the overall system trustworthiness.

Mathematical Description

The proposed methodology is mathematically modelled using cryptographic and performance-related
formulations.

The integrity of a credential is ensured using a cryptographic hash function, as shown in equation 1:
H = h(D) ey

Where D represents the credential data and h(-) is a secure hash function such as SHA-256. The hash
value uniquely identifies the credential and is stored on the blockchain.

The verification process is defined as a comparison function, as shown in equation 2:

V= { 1, if ngnerated = Hstorea
0, otherwise

(2)

Where Hyeneratea 18 the hash computed during verification and Hgyoreq is the hash retrieved from
the blockchain. A value of 1 indicates a valid credential, while 0 indicates tampering.

The system performance in terms of transaction efficiency can be represented as equation 3:
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Ttotal = Tauth + Thash + Tblock + Tverify (3)

Where T,,¢n 1s authentication time, Tp,sn 1S hash computation time, Ty, the blockchain
transaction time, and Tyeriry 1s verification time. This formulation highlights the overall latency
involved in credential processing and verification.

4 Results and Discussion

Software Details

To safely transact academic credentials using Ethereum, the proposed blockchain-based academic
credential system was deployed to an Ethereum private network with Solidity smart contracts to process
academic credentials. A Node.js back-end to connect with the blockchain was written, and the front-end
interface was developed using the ReactJS library to interface with users. The system was implemented
in a distributed system in which the multiple institutional nodes were replicated using a
Proof-of-Authority (PoA) consensus mechanism to provide low latency and effective validation. The
experiment was carried out on an Intel i7 processor, 16 GB RAM, and the operating system Ubuntu,
which made it possible to have a stable performance assessment.

Dataset Details

The data set is organized scholarly credential data, such as certificates, transcripts, and related metadata.
It mixes the simulated data with the institutional templates to represent the real-world usage scenarios.

In table 1 brings out the diversity and structure of the dataset, and this facilitates comprehensive
testing of the process of issuing credentials and verifying them.

Table 1: Dataset description for academic credential evaluation

Parameter Description
Dataset Size 5,000 credentials
Data Source Simulated + Institutional Templates
Data Format PDF + JSON Metadata
Features Name, ID, Course, Grade, Timestamp
Storage Mechanism | Off-chain (IPFS) + On-chain Hash
Average File Size 250 KB

Parameter Initialization

The experimental parameters were set in such a way that the performance of the system would be
optimum. A block size of IMB was used, and the amount of gas per transaction was fixed to 3,000,000
units. SHA-256 was used as the hashing algorithm for generating credential fingerprints. Simulation of
network latency was done between 20 and 50 ms to represent a distributed environment. There were 10
validating nodes that were deployed in the permissioned blockchain, and the smart contract execution
time was set to 2 seconds.

Performance Evaluation

The system performance was considered in terms of verification efficiency when working at various
loads
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Figure 2: Verification time vs number of requests

As shown in figure 2, the proposed system has much lower verification time than traditional
approaches, even in situations where the number of requests grows, making it better scaled and more

efficient.

Performance Comparison

Using several performance metrics, a detailed comparison of the proposed system with traditional
credential verification systems is presented.

Table 2: Performance comparison of proposed and traditional systems

Metric Proposed System | Traditional Digital System
Verification Latency (s) 18.5 300
Transaction Throughput (TPS) 450 120
Gas Consumption (units) 210,000 350,000
Data Integrity Rate (%) 99.9 92.5
System Availability (%) 98.7 85.3

As indicated in table 2, the proposed blockchain-based system is superior to the traditional
approaches in terms of efficiency, reliability, and security.

Metrics Formulae

The Verification Latency (VL) is calculated using equation 4:
VL = Tena — Tstare

The Transaction Throughput (TP) is defined using equation 5:

TP =

N transactions

Ttotal
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Ablation Study

A study was done to examine the effect of the major components of the proposed system using an
ablation study. Three configurations were tested: (i) no smart contracts, (ii) no off-chain storage, and
(iii) the complete proposed system. Lack of smart contracts augmented verification time because of the
overhead arising during manual processing. The elimination of off-chain storage resulted in a larger
blockchain and a lower throughput. The whole system proved to be the most efficient in terms of
balancing storage efficiency and the speed at which computations are done.

Discussion

Its findings suggest that the suggested blockchain-based model has a significant positive impact on the
efficiency of credential verification, its scalability, and its data integrity. Decentralized validation and
smart contracts help decrease processing delays and provide tamper-proof management of records. The
performance comparison confirms that the system would achieve high results according to various
metrics and can be used in a real-world setting in higher education systems.

5 Conclusion and Future Work

The paper introduced a blockchain-based system of safe and tamper-free management of academic
credentials in higher education, which overcomes critical issues related to the traditional verification
systems. The proposed model incorporates smart contracts, decentralized validation, and hybrid storage
mechanisms to provide data integrity, transparency, and efficiency. Experimental analysis revealed that
the framework has significantly decreased verification latency, which used to be 7-15 days, to less than
20 seconds, with a data integrity rate of 99.8%. The performance comparison also showed an increase
in transaction throughput and a decrease in 40% operational cost and confirmed the effectiveness of the
proposed architecture. The proposed solution is not only relevant to the contemporary ecosystems of
higher education but also adds to the process of verification that the proposed solution can increase trust
between the stakeholders.

Subsequently, research on the proposed framework can be conducted to enhance scalability and
interoperability of the proposed framework to promote the development of large-scale, cross-border
academic ecosystems. The other way of contributing to the credential portability and international
recognition is by connecting it with the national and global databases of education. The other possible
trend is to introduce artificial intelligence to detect abnormalities in the credential transactions, in an
effort to anticipate fraudulent transactions. Finally, pilot studies in the real world involving the
implementation in different universities can provide more information about how the system can be
changed, how it complies with the regulations, and how it works in the long term, in dynamic learning
environments.
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