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Abstract. University grade management is a core component of academic ad-
ministration, yet current systems still suffer from low cross-departmental coordi-
nation efficiency, data security and recovery risks inherent to centralized storage,
inadequate traceability due to the lack of timestamped processes, and persistent
tension between transparency and privacy. Building on a review of current prac-
tices and related research, this paper systematically articulates blockchain’s key
properties—decentralization, immutability and traceability, and openness with
privacy protection—and proposes a blockchain-enabled approach and framework
for university grade management. The design anchors cryptographic proofs on
chain while keeping grade records off chain under role-based access, employs
timestamps and consensus mechanisms for trustworthy auditing, and combines
encryption with access control to achieve “need-to-know visibility” and “mini-
mal exposure.” It supports convenient cross-node access for instructors, students,
administrators, and employers. We evaluate feasibility and expected benefits
across four dimensions: process efficiency, security and durable storage, visibil-
ity of learning processes and pedagogical improvement, and enhanced transpar-
ency and usability, and we outline implementation essentials and representative
application scenarios. The study argues that this solution can significantly reduce
administrative costs, improve data trustworthiness and security, facilitate learn-
ing analytics and teaching quality enhancement, streamline external academic
credential verification, and offer a reference pathway and design guidance for the
digital transformation of university grade management.
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1 Introduction

In higher education, students’ academic performance is a primary indicator of teaching
effectiveness and educational quality, and a basis for assessing mastery of disciplinary
knowledge and skills, academic growth, and learning ability!'l. Although grade man-
agement is at the core, current grade management practices still rely on centralized da-
tabases and multi-departmental workflows, which leads to problems such as low coor-
dination efficiency, easy data loss and difficult recovery, insufficient process traceabil-
ity due to the lack of timestamped records, and a persistent contradiction between trans-
parency and privacy!?l. Blockchain technology—characterized by decentralization, im-
mutability, and traceability via distributed ledgers and cryptography—has expanded
well beyond currency and finance into many domains; however, mature, domain-ready
systems for academic performance management remain scarce®). To bridge this gap,
this paper proposes a blockchain-supported university grade management method and
framework: it anchors cryptographic proofs on-chain while keeping grade records oft-
chain under role-based access control, conducts trusted auditing using timestamps and
consensus, and combines encryption with fine-grained access control to achieve "need-
to-know visibility" with minimal risk. Our contributions fall into three aspects: (1) We
have clarified the pain points of current performance management and derived design
principles based on blockchain; (2) We have proposed an achievable architecture and
mechanism that supports cross-node collaboration and verification among teachers, stu-
dents, administrators, and employers. (3) The feasibility and expected benefits were
evaluated from four dimensions: process efficiency, security and persistent storage, vis-
ibility of the learning process and teaching improvement, and transparency and availa-
bility enhancement. The implementation key points and representative scenarios were
outlined, providing a reference path for the digital transformation of university grade
management.

2 Blockchain Technology and University Grade Management

2.1  The Present State of Student Grade Management in Higher Education
Institutions

Academic performance management in colleges and universities is an important and
complex teaching task. With the integration of various modern technologies into the
field of academic performance management, this system has evolved from the initial
model that relied on manual operation and paper-based archive management to the cur-
rent stage where software solutions and local Internet management are widely adopted.
Despite this, there are still several aspects in this system that need to be improved ur-
gently.

The Management of Multiple Departments is Characterized by Inefficiency. In the
field of higher education, student academic performance is a key evaluation indicator,
and academic performance management has also received high attention from various
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universities!*. However, this level of attention has also brought about some problems:
in the grade management systems of most universities, the participation of multiple
departments such as teachers, teaching offices, and academic affairs offices is in-
volved®™. The entry and modification of grades, the issuance of student transcripts and
other related work all require approval and authorization from different departments,
which leads to the problem of low work efficiency!®l.

The Recovery of Data After It has Been Lost Poses Significant Challenges. Student
grades managed through software or local Internet systems are stored in a centralized
database, which is vulnerable to viruses, hacker attacks and other security threats!”),
Therefore, the performance data is at serious risk of loss and damage. Once data is
damaged, its recovery work will be extremely difficult.

Poor Traceability. The comprehensive evaluation method for college course grades is
used to assess students' learning outcomes after teaching activities, and thereby deter-
mine whether the expected teaching goals have been achieved®. In addition, this
method can more accurately reflect students' learning process and provide real feedback
on the problems existing in the teaching system. However, the current grade manage-
ment system lacks timestamped data, which makes it unable to provide precise and
detailed insights into the teaching process and its effectiveness > %1,

Lack of Openness. Student grades are crucial and somewhat sensitive information.
The current student grade management system has deficiencies in balancing the public
accessibility of grades and the protection of student privacy!''l. Therefore, grades can
only be disclosed within a limited range based on specific circumstances. The lack of
transparency leads to insufficient utilization of performance data.

As time goes by, teachers and students may encounter difficulties when checking
grades through the educational management system. However, users who are not con-
nected to the system have no right to view this information. When students need to
provide academic certificates for purposes such as studying abroad or finding jobs, they
have to go through a cumbersome process - not only obtaining approval from multiple
departments, but also completing multiple procedural stepst'?.

2.2 Blockchain Technology

Blockchain is a distributed ledger composed of multiple blocks. It uses encrypted
chains, distributed consensus algorithms and automated script code to verify, store,
generate, update and program data. This technology can operate without a central man-
agement mechanism and is essentially a public data recording system. Blockchain tech-
nology was initially used in transaction accounting. It has established a vast accounting
network by leveraging a single ledger, cryptography and distributed technologies to
ensure the security of financial data ['3). The data in the blockchain is synchronously
replicated across all fully operational nodes within the network, and these nodes
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maintain data consistency through consensus algorithms!'¥. The characteristics of
blockchain technology are as follows:

Decentralization. In a blockchain, each block is a node, and its distributed nature en-
sures that all nodes have equal rights and responsibilities. Each node keeps a complete
database backup, jointly building and participating in the management of the entire sys-
tem. There is no central management institution between the nodes. This structure and
feature mean that even if a single node fails, the integrity of the data will not be affected.
Therefore, the information stored in the blockchain will not be lost and its security is
highly guaranteed!"’!. Compared with centralized databases, transactions conducted on
the blockchain eliminate many intermediate links and have advantages such as cost
reduction, efficiency improvement and significant time saving!'® 7],

Tamper-Resistance and Traceability. Once the information is verified and recorded
on the blockchain, each node will keep a backup of the data, which makes it difficult to
tamper with the information within the blockchain. In addition, combined with the re-
trieval and query functions provided by the timestamps attached to the written infor-
mation, blockchain also has the feature of traceability.

Open and Transparent Communication. The blockchain serves as a shared database
within a permissioned network; participants access data according to role-based access
control policies. Data can be shared within the consortium according to RBAC policies;
participant identities are authenticated and, when needed, pseudonymized for privacy
[18], Therefore, on-chain proofs and audit logs can achieve effective openness and trans-
parency!'’l.

Safeguard Privacy. Data exchange between nodes follows preset algorithms and can
achieve point-to-point transmission without the participation of a third party. Further-
more, the two parties to a transaction can establish trust without disclosing their identi-
ties, thereby effectively reducing the risk of privacy leakage.

2.3  Leverage the Benefits of Blockchain Technology to Enhance the
Management of Academic Grades in Higher Education

If blockchain technology is applied to student grade management, it will fully leverage
its advantages to solve various existing problems.

Enhance the Efficiency of the Grade Management System. Each node in the block-
chain has equal rights and responsibilities. A permissioned blockchain reduces reliance
on a single operational bottleneck while retaining institutional governance; transactions
are endorsed by designated peers rather than a third-party intermediary. Integrating
blockchain technology into grade management will change the current multi-
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department collaborative management architecture and enhance the overall efficiency
of the grade management system!?",

Safely Preserve Academic Performance Data. Students' academic performance not
only reflects their mastery of knowledge and learning outcomes, but also serves as an
important basis for motivating educators to enhance teaching quality and improve
teaching methods. Throughout a student's entire academic journey, academic perfor-
mance is closely related to multiple aspects, including make-up exams, retaking
courses, comprehensive evaluations, awards and honors, recommendation for master's
degree programs, review of graduation qualifications, recognition of degree awarding
qualifications, employment after graduation, and further studies abroad, etc.?!l. Stu-
dents' academic performance data is of great value and must be properly kept. Each
node in the blockchain retains all relevant data. Therefore, even if a single node fails,
the performance information will not be tampered with or damaged, thereby ensuring
the high security of the data. In addition, secure and long-term data storage is also the
foundation for more efficient analysis and utilization of performance-related data [#!,

Analyzing Student Performance to Enhance Teaching Quality. The timestamp
mechanism in blockchain technology can comprehensively and chronically record each
stage of a student's learning process. Traceable academic performance data can effec-
tively reflect students' learning process and achievements, helping teachers evaluate
their teaching effectiveness and adjust teaching methods and strategies in a timely man-
ner. Students can keep track of their mastery of knowledge in real time, constantly op-
timize their learning strategies, and conduct more in-depth and extensive exploration
of knowledge, thereby improving their academic performance. In addition, managers
can utilize these data to better monitor the teaching process, thereby promoting the
overall improvement of teaching quality.

Enhance the Grade Management System to Be More Transparent and Accessible.
The grade management system built with a permissioned blockchain ensures that au-
thorized participants can access the data they are entitled to, while protecting personal
privacy through encryption and role-based access control. The application of block-
chain technology has enhanced the transparency and accessibility of the grade manage-
ment system, alleviating people's concerns about possible privacy leaks. Users who
need to obtain performance data-whether teachers, students, managers or employers-
can conveniently and quickly retrieve this information from authorized nodes in the
permissioned network.

Related empirical evidence. Beyond our conceptual design, peer-reviewed work re-
ports practical deployments and prototypes in higher education records. The EduCTX
project??!, built a blockchain-based credit/grade platform and demonstrated a working
prototype for decentralized, tamper-evident records that can be verified across institu-
tions. In parallel, case-study syntheses from Europe®®], document high-profile pilots
where issuers publish cryptographic proofs and third parties verify credentials
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directly—reducing reliance on institutional intermediaries and improving auditability.
These external results are consistent with the benefits we expect for grade workflows.

3 Blockchain Applications in University Grade Management: A
Comparative Case Study

With the continuous improvement of information technology infrastructure in colleges
and universities, problems related to data security and credibility have emerged in the
field of student grade management. The traditional grade management system relies on
centralized data storage and is highly vulnerable to tampering. Blockchain technology,
with its decentralized architecture and the immutable nature of encryption, is regarded
as an innovative solution to enhance the authenticity of achievements.

Enwerem et al. proposed a blockchain-based transcript management scheme in a con-
ference paper. This solution utilizes the Ethereum blockchain to store the hash values
of students' grades and integrates smart contracts to support functions such as grade
entry, hash value verification, and transcript generation. According to the description
in the text, this system can efficiently and securely store grade data and generate score
reports, thereby enhancing the integrity of grade management. At present, the system
is still in the research and prototype development stage and has not yet been deployed
and verified in the actual campus environment?*l, Farfan-Angulo and others designed
a blockchain architecture called BlockEP to record the academic performance of stu-
dents at the Peruvian Army Training School. BlockEP is built on a permission-based
blockchain and adopts user role-based access control to ensure the security of data stor-
age. This system takes advantage of the immutability of blockchain to provide compre-
hensive security guarantees for students' grades and prevent data from being tampered
with. Although this case is applied in the field of military education, its framework and
design provide valuable reference significance for the management of higher education
achievements!?,

Based on the above two cases, recent empirical testing of blockchain prototypes pro-
vides quantitative metrics that match the comparative analysis in this section, namely
improvements in efficiency, usability, and privacy design.

The prototype report launched by Cardenas-Quispe and Pacheco in 2025 shows that
the performance of the certificate workflow is on the order of seconds: the average
initial ownership registration time is 2.97 seconds, the record signature delay is 0.96
seconds, and the consensus time is 0.12 seconds. These indicators indicate that on a
moderate infrastructure, secure and auditable steps can be completed quickly, thereby
addressing the common problem of multi-step approval delays in current cross-depart-
mental processes 2, The prototype evaluation for 2024-2025 indicates that when third-
party verification of on-chain proofs is carried out, the verification speed is on the order
of seconds, while the manual lookup speed in traditional systems is much slower. In the
several pilot projects that have been reported, the verification time is approximately 5
seconds, while in the traditional system it is about 20 seconds, which significantly en-
hances the user experience. User research also shows that students, teachers and em-
ployers are more satisfied ?7). The recent design uses zero-knowledge proofs (ZKP) to
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put our "role-based access" and "minimum exposure" principles into practice. For ex-
ample, systems such as ZKBAR-V allow verifiers (such as employers) to confirm
whether certificates or grades meet the standards without disclosing the underlying per-
sonal data - the proof is public and the data is private. This effectively balances trans-
parency and privacy in certificate verification (2%,

In conclusion, the recently operational prototype system has achieved faster pro-
cesses, better availability, and stronger privacy protection.

4 Conclusion

Nowadays, blockchain technology has gradually transcended its initial application in
the monetary and financial fields and extended to various sectors of society, aiming to
address the pain points of specific industries?®l. As a new innovative technology, block-
chain has begun to affect the development of education and teaching mode. Integrating
blockchain technology into the academic performance management system of colleges
and universities can significantly enhance the convenience of use for teachers, students
and administrators, thereby improving the overall efficiency of such management sys-
tems. Educators, learners and administrative staff will be able to track detailed data
related to specific grades, such as the precise time, location and content of grade entry,
etc. This ability will provide a solid foundation for analyzing educational practice and
teaching activities. Through the application of blockchain technology, it is expected to
build a safe, reliable, credible and traceable technology platform covering educators,
students, social participants and other subjects. This move aims to enhance the quality
of education and teaching, while promoting the sustainable development of the educa-
tional environment.
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