
 

 

  

Special Issue | June 2026 | Green Finance, Scientific Innovation and Sustainable Development Goals: Pathways to a Resilient 
Future, PG Department of Commerce (General), S.A. College of Arts & Science, Chennai 

325 

 

Application of Blockchain Technology in Educational 

Systems: A Descriptive Study 

Megala R 

Head & Assistant Professor, Department of Computer Applications, S.A. College of Arts & 

Science, Thiruverkkadu, Chennai, Tamil Nadu, India (Affiliated to the University of Madras) 

Corresponding Author Email: megalagurunathan24@gmail.com 

 

Abstract 

Blockchain is an emerging technology that has gained significant attention in recent 

years due to its decentralized, transparent, and secure nature. Many organizations are 

adopting Blockchain technology to manage confidential information because it ensures secure, 

tamper-proof, and immutable record maintenance. Blockchain enables digital data to be stored 

and shared across distributed networks while preventing unauthorized modifications. This 

technology is widely used in industries such as finance, healthcare, banking, e-commerce, and 

government services. It has already transformed financial transactions through 

cryptocurrencies such as Bitcoin. Similarly, Blockchain has the potential to significantly 

transform the education sector by improving transparency, security, and trust in academic 

record management. In educational systems, Blockchain can be used for secure storage of 

student records, digital degree certification, academic transcript verification, and research 

documentation. It can also streamline administrative processes, simplify hiring verification for 

employers, and provide students with lifelong ownership of their academic credentials. This 

research paper explores the implementation of Blockchain technology in educational systems, 

focusing on student record management, digital certification, curriculum documentation, and 

research record maintenance. The study aims to highlight the potential benefits and 

opportunities of Blockchain adoption in universities and academic institutions. 
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Introduction 

The rapid advancement of information technology has fundamentally altered the 

manner in which data is created, stored, and managed across all sectors of society. Among the 
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most disruptive innovations of the past decade, blockchain technology has emerged as a 

decentralized paradigm for secure and transparent data management [A. Mohammad and S. 

Vargas, 2022]. Originally introduced as the underlying mechanism for Bitcoin, blockchain has 

since evolved into a multipurpose framework applicable across diverse domains including 

healthcare, supply chain, government, finance, and education [A. Ayub Khan et al. 2021]. 

 

In the context of educational institutions, traditional record-keeping mechanisms 

continue to suffer from well-documented shortcomings: susceptibility to document forgery, 

manual verification bottlenecks, lack of interoperability between institutions, and an inherent 

dependency on centralized trusted authorities [A. Mohammad and S. Vargas, 2022]. Academic 

credential fraud has been identified as a growing concern globally, with employers and 

institutions devoting considerable resources to verification processes that remain error-prone 

and time-consuming [Q. Tang, 2021]. 

 

Blockchain technology presents an opportunity to redesign the architecture of academic 

credentialing. Through the use of cryptographic hashing, distributed consensus mechanisms, 

and smart contracts, blockchain can provide immutable, verifiable, and student-controlled 

academic records [S. Alam, 2021]. These properties align closely with the needs of modern 

educational ecosystems characterized by globalization, lifelong learning, and digital 

transformation [MHRD, 2020]. 

 

This paper conducts a descriptive study of how blockchain technology can be applied 

within educational systems. The research covers key application areas including: student record 

management, digital degree certification, academic transcript verification, research 

documentation, and administrative process optimization. The paper also reviews related 

literature, identifies implementation challenges, and proposes a conceptual framework for 

blockchain deployment in higher education institutions [P. Rani et al. 2023]. 

 

Literature Review 

A growing body of scholarly work has examined the intersection of blockchain 

technology and education. Mohammad and Vargas [2022] provided an early comprehensive 

overview of blockchain in education, identifying eight primary application categories ranging 

from certification to learning pathways. Their work, published by the European Commission, 

established a foundational taxonomy still referenced in contemporary research. 
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Z. A. Shaikh et al. [2022] proposed EduCTX, a global higher-education credit platform 

built on blockchain. Their system demonstrated that distributed ledger technology could 

facilitate the recognition and transfer of academic credits across international borders without 

centralized intermediaries. The authors argued that such a system could standardize credit 

recognition similarly to how ECTS functions in Europe, but at a global level. 

 

Terzi et al. [2021] extended this vision by introducing the Weave protocol, which 

enables the recording of both formal and informal learning achievements on a blockchain. 

Their work highlighted the importance of capturing holistic learner profiles that extend beyond 

traditional transcripts, including online courses, workshops, and skills acquired through non-

formal means. 

 

Alam [2021] investigated the application of smart contracts in academic credential 

verification. Their prototype demonstrated how an Ethereum-based smart contract could 

automate the issuance and verification of academic certificates, reducing processing time from 

weeks to seconds while eliminating the need for manual institutional intervention. 

 

Alsobhi et al. [2023] conducted a sociological analysis of trust and blockchain in 

education, cautioning against technological determinism. They argued that the effectiveness of 

blockchain in education depends not merely on technical implementation but on institutional 

acceptance, legal recognition, and cultural attitudes toward digital credentials. 

 

Rani et al. [2023] explored the application of blockchain for lifelong learning, 

demonstrating a prototype that allowed learners to aggregate credentials from multiple 

providers into a single verifiable digital portfolio. Their work underscored the value of learner-

centric models in modern education. 

 

The literature collectively establishes a strong theoretical basis for blockchain adoption 

in education, while also highlighting unresolved challenges around scalability, standardization, 

regulatory compliance, and institutional resistance [A. Samala et al. 2024]. 

 

Blockchain Technology: Foundational Concepts 

A. Definition and Architecture 

Blockchain is a distributed ledger technology (DLT) in which data is organized into 

blocks, each cryptographically linked to its predecessor, forming an immutable chain [A. 
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Mohammad and S. Vargas, 2022]. The architecture rests on three foundational principles: 

decentralization, transparency, and immutability. Decentralization eliminates reliance on a 

single authority; transparency enables any authorized participant to audit the chain; and 

immutability ensures that once recorded, data cannot be altered without detection. 

 

B. Consensus Mechanisms 

Consensus mechanisms are the protocols through which distributed nodes agree on the 

validity of transactions. Proof of Work (PoW), used by Bitcoin, requires computational effort 

to validate transactions, ensuring network security at the cost of high energy consumption. 

Proof of Stake (PoS), employed by Ethereum 2.0, selects validators based on their staked 

currency, offering improved energy efficiency [V. Kuleto et al. 2022]. For educational 

applications, permissioned blockchain networks employing Byzantine Fault Tolerance (BFT) 

or Practical Byzantine Fault Tolerance (PBFT) consensus are often more appropriate due to 

their speed and controlled access [Z. A. Shaikh et al. 2022]. 

 

C. Smart Contracts 

Smart contracts are self-executing programs stored on the blockchain that automatically 

enforce and execute the terms of an agreement when predefined conditions are met [P. Rani et 

al. 2024]. In educational contexts, smart contracts can automate degree issuance upon course 

completion, enforce enrollment conditions, manage scholarship disbursements, and enable 

real-time transcript updates without human intermediaries. 

 

D. Public vs. Permissioned Blockchain 

Public blockchains such as Bitcoin and Ethereum are open to all participants but may 

present data privacy challenges for educational applications involving sensitive student 

information. Permissioned blockchains such as Hyperledger Fabric offer controlled access, 

faster transaction throughput, and compliance with data protection regulations such as GDPR 

and FERPA, making them more suitable for institutional deployment [R. Dharmalingam et al. 

2022]. 

 

Challenges in Traditional Educational Record Systems 

Before examining blockchain-based solutions, it is important to understand the specific 

limitations of conventional approaches to academic record management: 



© 2026 The Author(s) | Open Access| International Journal of Business and Economics Research (IJBER) e-ISSN: 2455-3921 

  

Special Issue | June 2026 | Green Finance, Scientific Innovation and Sustainable Development Goals: Pathways to a Resilient 
Future, PG Department of Commerce (General), S.A. College of Arts & Science, Chennai 

329 

 

 

1. Credential Fraud: Diploma mills and document forgeries present a persistent challenge. 

Employers and institutions often lack efficient mechanisms to verify academic 

qualifications, creating vulnerabilities exploitable by fraudulent actors [A. Ayub Khan et 

al. 2021]. 

2. Data Silos and Interoperability: Academic records are often fragmented across multiple 

institutions with incompatible formats, hindering the seamless transfer and recognition of 

qualifications [A. Mohammad and S. Vargas, 2022]. 

3. Manual Verification Processes: Transcript verification typically requires direct contact 

with issuing institutions, introducing delays of several days to weeks and significant 

administrative overhead [H. A. Alsobhi et al. 2023]. 

4. Student Data Ownership: In current systems, students have limited control over their own 

academic data and often cannot access or share credentials without institutional 

intermediation [P. Rani et al. 2023]. 

5. Data Loss Risks: Centralized databases remain vulnerable to data loss, cyberattacks, or 

institutional closure, potentially resulting in the permanent unavailability of academic 

records [Y. Wang et al. 2023]. 

 

Applications of Blockchain in Educational Systems 

A. Secure Student Record Management 

Blockchain provides a secure, tamper-resistant repository for student academic records 

including grades, attendance, disciplinary actions, and extracurricular achievements. Each data 

entry is cryptographically hashed and appended to the chain, ensuring an auditable history that 

cannot be retroactively modified [S. Alam, 2021]. Institutions such as MIT have piloted 

blockchain-based record systems through the Blockcerts initiative, demonstrating real-world 

viability. 

 

A permissioned blockchain, shared among affiliated institutions, can enable authorized 

parties—admissions offices, employers, government bodies—to verify student records 

instantaneously without contacting the originating institution. Access rights can be managed 

through role-based smart contracts, ensuring that only authorized stakeholders retrieve relevant 

records [Z. A. Shaikh et al. 2022]. 
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B. Digital Degree Certification and Verification 

Traditional paper certificates are susceptible to forgery and difficult to verify at scale. 

Blockchain-based digital certificates embed cryptographic proof of authenticity directly into 

the document, enabling any party to verify its legitimacy by querying the blockchain. Systems 

such as Blockcerts (MIT Media Lab) and the European Blockchain Education Platform have 

demonstrated this approach across multiple jurisdictions [A. Rustemi et al. 2024]. 

 

Smart contracts can be programmed to automatically issue digital certificates upon 

satisfaction of graduation requirements, creating near-instantaneous credentialing that is 

simultaneously verifiable by third parties [P. Rani et al. 2024]. This approach eliminates the 

administrative delays common in traditional certificate issuance, which may take months after 

program completion. 

 

C. Academic Transcript Verification 

Employers and graduate admissions offices spend considerable time and resources 

verifying academic transcripts. Blockchain enables the creation of self-sovereign academic 

identities w6here students hold cryptographic keys to their own transcripts [A. Rustemi et al. 

2023]. A prospective employer can verify a transcript in real time by checking the blockchain 

hash, without requiring any contact with the issuing institution. 

 

Platforms such as Parchment and Digitary, while not purely blockchain-based, have 

demonstrated the demand for digital transcript solutions. Full blockchain integration would add 

immutability and trustless verification to such platforms, further reducing verification time and 

cost [M. Tanriverdi, 2024]. 

 

D. Research Documentation and Intellectual Property 

In academic research, blockchain can serve as a timestamping mechanism for research 

proposals, data sets, and publications, establishing provenance and priority of discovery [S. 

Terzi et al. 2021]. This capability is particularly relevant in resolving intellectual property 

disputes and preventing academic plagiarism. By recording research milestones on a 

blockchain, institutions can create an immutable audit trail of scholarly contributions. 

 

Furthermore, blockchain-based token systems can enable fair attribution and 

micropayment models for academic content, incentivizing open-access publication while 

ensuring researchers receive appropriate credit and compensation [A. Samala et al. 2024]. 
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E. Curriculum and Accreditation Management 

Curriculum documentation and accreditation processes involve complex workflows 

among faculty, accreditation bodies, and administrative staff. Blockchain can provide a 

transparent, tamper-evident record of curriculum revisions, faculty qualifications, and 

accreditation outcomes, facilitating continuous quality assurance [H. A. Alsobhi et al. 2023]. 

Smart contracts can automate reporting requirements, triggering notifications and document 

submissions based on predefined accreditation schedules. 

 

F. Financial Aid and Scholarship Management 

Scholarship disbursement and financial aid management involve multiple 

intermediaries and are prone to fraudulent claims and administrative errors. Smart contracts 

can automate eligibility verification and fund disbursement based on real-time academic 

performance data stored on the blockchain, reducing fraud and improving transparency [A. 

Choudhary et al. 2024]. 

 

Proposed Blockchain Framework for Educational Institutions 

Based on the literature review and application analysis, this study proposes a four-tier 

blockchain architecture for educational institutions, as described below. 

i. Data Layer: Stores encrypted student records, certificates, research documentation, and 

curriculum data. Implemented on a permissioned blockchain (e.g., Hyperledger Fabric) to 

ensure data privacy compliance with GDPR and Indian IT Act 2000 [MHRD, 2020]. 

ii. Smart Contract Layer: Houses self-executing smart contracts governing certificate 

issuance, transcript access, scholarship disbursement, and accreditation reporting, 

automating rule-based institutional processes [P. Rani et al. 2024]. 

iii. Identity Layer: Provides self-sovereign identity (SSI) capabilities to students, faculty, and 

administrative staff using decentralized identifiers (DIDs) and verifiable credentials (VCs) 

conforming to W3C standards [W3C, 2022]. 

iv. Application Layer: Provides user-facing portals for students, employers, and regulators to 

interact with blockchain data, including mobile credential wallets and employer 

verification dashboards [A. Rustemi et al. 2024]. 

 

Implementation Challenges 

Despite its considerable promise, the adoption of blockchain in educational systems 

faces significant barriers: 
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A. Technical Challenges 

Scalability remains a primary concern; public blockchains such as Ethereum currently 

handle a limited number of transactions per second, which may be insufficient for large national 

educational systems. Layer-2 solutions and sharding techniques are being developed to address 

this limitation [A. Mohammad and S. Vargas, 2022]. Additionally, the computational overhead 

of cryptographic operations and the complexity of managing distributed nodes present 

infrastructure challenges for resource-constrained institutions. 

 

B. Legal and Regulatory Challenges 

Data protection regulations including GDPR in Europe and the Indian Personal Data 

Protection Bill require that personal data be deletable upon request—a requirement 

fundamentally at odds with blockchain's immutability. Hybrid architectures using off-chain 

storage for personal data with on-chain hashes may provide a regulatory-compliant 

compromise [R. Dharmalingam et al. 2022]. 

 

C. Institutional and Cultural Resistance 

Educational institutions are traditionally conservative organizations. The adoption of 

blockchain requires significant changes in administrative workflows, staff retraining, and 

institutional policy revision. Alsobhi et al. [2023] highlight that trust in digital credentials must 

be cultivated through consistent positive experiences over time, suggesting a gradual adoption 

strategy. 

 

D. Standardization and Interoperability 

The absence of universally accepted standards for blockchain-based credentials limits 

interoperability between institutions and national systems. Initiatives such as the IEEE 

Blockchain in Education Working Group and the European Blockchain Partnership are 

working to address this gap, but adoption remains fragmented [H. A. Alsobhi et al. 2023]. 

 

Comparative Analysis 

Table I: Comparative Analysis of Academic Record Management Systems 

Feature Traditional System Cloud-Based System Blockchain System 

Immutability Low Medium High 
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Feature Traditional System Cloud-Based System Blockchain System 

Transparency Low Medium High 

Verification Speed Slow (days) Moderate Near Real-Time 

Fraud Prevention Weak Moderate Strong 

Student Ownership Absent Partial Full (SSI) 

Interoperability Low Moderate High (with standards) 

Data Privacy Variable 
Dependent on 

provider 

Configurable 

(permissioned) 

Cost (long-term) High (admin) Moderate Lower post-deployment 

 

Case Studies 

A. MIT Digital Diplomas (Blockcerts) 

The Massachusetts Institute of Technology, in collaboration with Learning Machine, 

launched a digital diploma initiative using the Blockcerts open standard. Graduates received 

digital certificates that could be verified by any employer by scanning a QR code or entering a 

verification link. The initiative demonstrated institutional viability and user acceptance of 

blockchain credentials [A. Rustemi et al. 2024]. 

 

B. University of Nicosia 

The University of Nicosia in Cyprus was among the first universities globally to record 

academic credentials on a blockchain, using the Bitcoin blockchain as the underlying 

infrastructure. The system enabled near-instantaneous certificate verification, reducing 

administrative overhead significantly and demonstrating cross-border verification capability 

[S. Terzi et al. 2021]. 

 

C. Singapore's SkillsFuture Initiative 

Singapore's government-backed SkillsFuture program has explored blockchain 

integration to create lifelong learning portfolios for citizens, aggregating credentials from 

diverse providers including universities, polytechnics, and vocational training institutes. The 

initiative aligns with the vision of learner-centric, portable credentials [P. Rani et al. 2023]. 
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Future Research Directions 

This study identifies several fruitful directions for future research in the application of 

blockchain to educational systems: 

• Integration of Artificial Intelligence (AI) with blockchain for intelligent credential analysis 

and career pathway recommendation [A. Choudhary et al. 2024]. 

• Development of national blockchain education frameworks for developing nations, 

including India, to standardize credential issuance [MHRD, 2020]. 

• Empirical evaluation of student and employer acceptance of blockchain credentials through 

large-scale surveys and usability testing. 

• Exploration of zero-knowledge proof (ZKP) mechanisms for privacy-preserving credential 

verification that satisfies data protection legislation [R. Dharmalingam et al. 2022]. 

• Longitudinal studies on the economic impact of blockchain adoption in higher education 

administration. 

 

Conclusion 

This paper has presented a comprehensive descriptive study of blockchain technology 

applications in educational systems. The analysis reveals that blockchain offers a technically 

sound and conceptually compelling solution to persistent challenges in academic record 

management, credential verification, and administrative transparency. The decentralized, 

immutable, and programmable nature of blockchain aligns well with the needs of modern 

educational institutions seeking to enhance trust, reduce fraud, and empower students with 

ownership of their academic identities. 

 

The proposed four-tier framework encompassing data, smart contract, identity, and 

application layers provides a practical architecture for institutional deployment. Case studies 

from MIT, University of Nicosia, and Singapore demonstrate real-world feasibility, while 

identified challenges around scalability, regulation, and standardization map out a clear agenda 

for future research and policy development. 

 

As digital transformation accelerates across all sectors, the adoption of blockchain in 

education represents not merely a technological upgrade, but a paradigmatic shift toward 

learner-centric, lifelong, and globally portable academic credentialing. Institutions that invest 

in blockchain infrastructure today will be well-positioned to meet the demands of an 

increasingly digital and interconnected educational landscape. 
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