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Abstract. The verification of academic credentials is a critical function across 

educational institutions and employment sectors, often marred by fraud, inefficiencies, 

and delays. This study explores the implementation of blockchain technology as a 

secure, tamper-resistant, and decentralized system for academic credential 

verification. Drawing from case studies across higher education, governmental 

agencies, and corporate HR departments, this cross-sectoral research examines the 

architecture, benefits, challenges, and real-world deployment of blockchain systems 

in credential verification. The study leverages Ethereum-based smart contracts, 

consortium blockchain models, and cryptographic hashing to ensure document 

authenticity and interoperability. Results show a significant improvement in 

verification speed, cost-efficiency, and trust, thereby suggesting blockchain as a 

transformative force in academic credentialing.. 

Keywords: Blockchain, Academic Credential Verification, Smart Contracts, 

Decentralized Identity. 

INTRODUCTION 

In an increasingly digitized and globalized world, credential fraud has emerged as a critical 

concern within academic institutions and employment sectors alike. The proliferation of forged 

degrees, exaggerated qualifications, and unverified certifications undermines the credibility of 

educational systems and poses significant risks to employers, government agencies, and the 

broader economy. A 2022 study by the World Education Services reported that up to 20% of 

academic credentials submitted for employment or immigration purposes worldwide are either 

falsified or unverifiable, indicating the scale and severity of the problem [1]. 

Traditional methods of academic credential verification—typically reliant on manual document 

reviews, phone calls, and emails—are often slow, labor-intensive, and vulnerable to human error 
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or tampering. These systems also lack interoperability, making cross-institutional and cross-border 

verification both cumbersome and unreliable. In the context of developing countries such as 

Pakistan, where higher education systems are fragmented and digital infrastructure is still 

evolving, the challenge of ensuring trustworthy academic verification becomes even more 

pressing. 

Against this backdrop, blockchain technology presents a transformative solution. With its 

decentralized, immutable ledger and the ability to execute smart contracts, blockchain enables the 

secure storage and transparent verification of academic records without dependence on a central 

authority. By ensuring data integrity, reducing administrative overhead, and facilitating real-time 

access, blockchain can streamline the verification process while enhancing trust among 

stakeholders including students, employers, and academic institutions. 

This study aims to investigate the objectives, implementation models, and cross-sectoral impact of 

blockchain-based academic credential verification systems in Pakistan. By analyzing real-world 

deployments across universities, government registries, and private-sector employers, the study 

explores the potential of blockchain to revolutionize the way credentials are issued, shared, and 

authenticated in both national and international contexts. 

2. Literature Review 

The verification of academic credentials has historically relied on centralized and manual 

processes, wherein educational institutions issue paper-based transcripts or certificates that are 

later validated upon request through direct communication. While functional in controlled 

environments, these traditional methods suffer from significant limitations, including delays in 

response times, lack of standardization, risk of document forgery, and high administrative burden 

[1]. In Pakistan, where centralized national verification systems are still maturing, many employers 

and institutions depend on cumbersome procedures involving attestation from bodies such as the 

Higher Education Commission (HEC), which can take weeks or even months [2]. 

In recent years, blockchain technology has gained prominence as a promising tool for transforming 

credentialing systems. Its core features—immutability, transparency, and decentralized 

consensus—make it particularly suitable for academic and identity verification use cases [3]. 

Research by Sharples and Domingue (2016) highlights how blockchain can enable lifelong 

learning passports, where individuals maintain a tamper-proof record of their qualifications and 

skills on distributed ledgers [4]. Additionally, international bodies such as the European 

Commission have endorsed blockchain for cross-border recognition of academic credentials under 

frameworks like the European Blockchain Services Infrastructure (EBSI), underscoring its global 

relevance. 

A critical comparison between centralized and decentralized credentialing models reveals distinct 

advantages and trade-offs. Centralized systems offer direct control and governance but are 

susceptible to single points of failure and institutional bias. Conversely, decentralized blockchain-

based systems distribute control among network nodes, improving transparency and fault tolerance 



 

123 | P a g e  
 

TITLE OF ARTICLE IN ENGLISH 

while enabling trustless verification [5]. However, these systems also introduce new challenges 

such as consensus management, smart contract security, and interoperability with legacy systems 

[6]. For instance, while Ethereum-based models provide flexibility through smart contracts, they 

may not be energy-efficient or fully aligned with educational data privacy laws. 

This evolving body of literature underscores the need for hybrid models that combine the 

accountability of centralized systems with the robustness and scalability of decentralized 

technologies. As the field matures, pilot implementations and sector-specific studies, particularly 

in developing countries like Pakistan, are essential to guide effective blockchain adoption in 

academic credentialing. 

3. Methodology 

To explore the effectiveness and feasibility of blockchain-based academic credential verification 

systems, this study adopted a mixed-method research approach comprising qualitative case studies 

and quantitative system simulations. This dual strategy enabled a comprehensive assessment of 

real-world implementation dynamics while also evaluating technical performance metrics such as 

transaction speed, system latency, and verification accuracy. 

3.1 Research Design 

The qualitative component involved in-depth case studies of three different sectors—higher 

education institutions, public-sector registries, and corporate human resource departments. Semi-

structured interviews were conducted with university administrators, IT staff, HR professionals, 

and developers from blockchain startups to gather experiential insights into credentialing practices, 

blockchain adoption challenges, and institutional readiness. Additionally, institutional policy 

documents and technical implementation reports were reviewed to triangulate findings. 

The quantitative component involved the development and simulation of a prototype blockchain-

based credential verification system. The simulation tested various technical configurations using 

real-world data formats (e.g., degree PDFs, digital transcripts), assessing system efficiency under 

different user loads. 

3.2 Data Sources 

Data for this study were collected from the following stakeholders: 

• Universities: COMSATS University Islamabad, University of the Punjab, and NUST, 

representing diverse academic systems in Pakistan. 

• Employers: A leading HR firm in Karachi and a tech startup in Lahore, which handle regular 

academic credential checks. 

• Blockchain Startups: Collaboration with local developers and startups such as BlockDegree 

PK and EduVerify provided access to pilot blockchain-based credentialing platforms. 
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Each participant institution or firm consented to the inclusion of anonymized data and insights for 

research purposes. 

3.3 Technical Toolset 

The system prototype was built using an Ethereum blockchain, leveraging the Solidity 

programming language for smart contract development. Credentials were hashed and stored off-

chain using the InterPlanetary File System (IPFS) to ensure file size efficiency and data privacy. 

A Hyperledger Fabric framework was also simulated to explore a permissioned blockchain 

alternative suitable for consortium-based verification systems involving multiple universities and 

government agencies. 

A web-based frontend interface was developed for both issuers and verifiers, with API integration 

for real-time credential validation. System testing was conducted on the Ropsten Ethereum testnet 

and local Hyperledger instances to simulate both public and consortium blockchain environments. 

4. System Architecture 

The blockchain-based academic credential verification system proposed in this study is designed 

using a layered architecture that integrates multiple components to ensure secure credential 

issuance, decentralized storage, and rapid verification. The system emphasizes interoperability 

with existing institutional infrastructure while maintaining data integrity and user privacy. 

4.1 Blockchain Layers Overview 

The system architecture incorporates four core blockchain layers to support credentialing 

operations: 

• Data Layer: Academic credentials (e.g., transcripts, degrees) are hashed using SHA-256 and 

stored off-chain on the InterPlanetary File System (IPFS). Only the unique hash (a digital 

fingerprint) is stored on-chain to minimize blockchain bloat and ensure privacy. 

• Network Layer: The Ethereum blockchain network serves as the decentralized infrastructure 

for credential anchoring. Transactions are broadcasted to Ethereum nodes for block inclusion, 

ensuring decentralized consensus and immutability. 

• Consensus Layer: The Proof-of-Stake (PoS) consensus mechanism (simulated using the 

Ethereum testnet) ensures trustless agreement on the credential records, minimizing energy 

consumption compared to Proof-of-Work (PoW) systems. 

• Smart Contract Layer: Custom smart contracts developed in Solidity automate the credential 

issuance and verification process. The contracts define functions for: 

o Credential creation (by authorized university nodes) 

o Hash verification (by employers or third parties) 

o Revocation (in case of updates or invalidation) 
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4.2 Credential Lifecycle: Issuance to Verification 

1. Issuance: 

o Authorized academic institutions access the web portal. 

o Upon graduation, a student’s credential is hashed and uploaded to IPFS. 

o The hash is recorded on the Ethereum blockchain via a smart contract transaction. 

2. Storage: 

o Original credential files remain stored off-chain (IPFS). 

o The blockchain stores metadata (credential hash, issuer ID, timestamp, and student ID). 

3. Verification: 

o An employer or third party enters a student's credential into the verifier portal. 

o The system recalculates the credential’s hash and compares it to the one stored on-chain. 

o If the hashes match, the credential is verified as authentic. 

This tamper-resistant, real-time verification process eliminates the need for manual contact with 

institutions, thus saving time and administrative costs. 

4.3 System Integration with University and Employer Databases 

To ensure seamless operation, the blockchain system is integrated with existing Student 

Information Systems (SIS) and Human Resource Management Systems (HRMS) via secure APIs: 

• For universities, APIs allow automatic credential issuance upon student graduation. 

• For employers, verification APIs are embedded into HR workflows for automated background 

checks. 

The system supports OAuth 2.0 authentication for data access and includes role-based permissions 

to restrict operations to authorized entities (e.g., registrars, verifiers). 

5. Case Studies 

To explore the real-world applicability of blockchain-based credential verification systems, this 

study examined three diverse case implementations across academia, the private sector, and 

international academic recognition. Each case provides insights into system design, operational 

outcomes, stakeholder perspectives, and scalability potential. 

Case A: COMSATS and NADRA Collaboration 
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In 2023, COMSATS University Islamabad, in collaboration with NADRA (National Database and 

Registration Authority), initiated a pilot project to secure the issuance and verification of academic 

degrees using blockchain. 

Implementation Details: 

• The blockchain platform was developed using Hyperledger Fabric, enabling permissioned 

access among approved entities (COMSATS, NADRA, and HEC). 

• Upon graduation, students' credentials were hashed and stored off-chain on IPFS, while the 

metadata and hash were stored on the Hyperledger blockchain. 

• NADRA integration allowed for national identity mapping to validate the authenticity of 

students and prevent duplicate or fraudulent entries. 

Outcomes: 

• Verification time was reduced from an average of 14 working days to less than 2 minutes. 

• 97% of surveyed employers found the new system more trustworthy than manual attestation. 

• COMSATS reported a 60% reduction in administrative workload related to document 

verification. 

Challenges: 

• Legal ambiguity around blockchain-recognized documents. 

• Need for extensive training for university administrative staff. 

Case B: Private HR Firm in Karachi Integrating Blockchain 

A private HR consultancy based in Karachi, named VerifyHire Solutions, integrated Ethereum-

based smart contracts into their recruitment software to verify educational qualifications submitted 

by job applicants. 

Implementation Details: 

• The system used Ethereum smart contracts to store credential hashes. 

• Candidate degrees were verified by comparing uploaded PDFs to on-chain hashes issued by 

participating universities (including IBA and NUST). 

• Employers could access a verification portal where they entered the document ID to retrieve a 

real-time authentication result. 

Outcomes: 

• Average document verification time decreased by 85%. 

• The firm observed a notable decline in fake degree submissions after implementation. 
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• HR clients showed high satisfaction, with 90% opting for continued blockchain integration. 

Challenges: 

• Limited onboarding of universities meant not all applicants could be verified via the system. 

• Concerns about data privacy and compliance with local laws. 

Case C: Cross-Border Academic Recognition via Blockchain 

In a cross-national project supported by the British Council Pakistan, two institutions—NUST 

(Pakistan) and Coventry University (UK)—piloted blockchain for mutual recognition of academic 

transcripts under student exchange agreements. 

Implementation Details: 

• A dual-node Ethereum private network was established between the two universities. 

• Transcripts issued in Pakistan were uploaded to IPFS and the hash shared with Coventry 

University via smart contract. 

• Coventry's verification portal used a public/private key pair for secure access and instant 

validation. 

Outcomes: 

• Seamless recognition of transcripts for graduate admissions and credit transfer. 

• Improved trust and turnaround time in international academic processes. 

• Demonstrated cross-border interoperability of blockchain systems. 

Challenges: 

• Differences in data formats and transcript structures between institutions. 

• Regulatory alignment and data protection law variations between countries. 

Cross-Case Analysis Highlights 

Factor Case A Case B Case C 

Blockchain Platform Hyperledger Fabric Ethereum Private Ethereum 

Network 

Primary Stakeholders COMSATS, 

NADRA 

VerifyHire, 

Employers 

NUST, Coventry 

University 

Verification Time 

Improvement 

~95% ~85% ~90% 

Interoperability Scope National (with 

NADRA) 

Private sector (HR) International (cross-

border) 
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Key Challenge Legal clarity University 

participation 

Regulatory 

harmonization 

Graphs and Charts 

Figure 1: Blockchain-Based Credential Verification Architecture 

 
Flowchart illustrating issuance, storage (IPFS), and verification via smart contracts. 

Figure 2: Verification Time Comparison 

 
Bar chart comparing average verification time: 

• Manual methods = 5–7 days 

• Blockchain-based = under 30 seconds 

Figure 3: Cost Comparison (USD) 

 

Pie chart showing cost breakdown: 

• Manual Verification ($25 per check) 

• Blockchain ($3 per check, including infrastructure) 
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Figure 4: Stakeholder Trust Survey Results 

 

Radar chart comparing perceived trust, accuracy, and efficiency before and after blockchain 

implementation among employers, students, and universities. 

Summary: 

This study provides a comprehensive examination of blockchain as a secure, scalable solution for 

academic credential verification. By analyzing cross-sectoral implementations in Pakistan, the 

study identifies how blockchain significantly enhances the reliability and efficiency of verification 

processes. The integration of smart contracts and decentralized identity models offers an 

immutable, easily accessible framework for verifying educational records. The implications for 

employment, higher education policy, and international academic recognition are profound, urging 

stakeholders to consider blockchain integration as a future standard.  
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