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FROM TOKENS TO TRUST: MODERN APPROACHES TO
EDUCATIONAL DATA SECURITY

Shmatko Oleksandr

Ph.D., Associate Professor

Technical University “Metinvest Polytechnic” LLC, Ukraine
Kyrychenko Oleg

PhD Student

Department of Software Engineering and

Management Intelligence Technology

National Technical University “Kharkiv Polytechnic Institute”, Ukraine

Introduction. The digitization of education has significantly increased the volume
of sensitive student data processed by institutions. This includes not only personal and
academic records but also financial and health-related data. Ensuring the
confidentiality, integrity, and lawful handling of this data has become a legal and
ethical imperative, particularly under regulations such as FERPA (U.S.) and GDPR
(EU). This paper explores tokenization and other privacy-enhancing technologies
(PETs) as mechanisms for safeguarding student information. We aim to assess their
effectiveness, scalability, and integration potential within educational information
systems.

Literature Review. Research on securing student data through tokenization and
other privacy-preserving technologies has steadily intensified from 2021 to 2025. The
number of academic publications addressing this topic nearly doubled within this
period, signaling a growing awareness of the importance of data security in educational
environments [1], [2]. Early studies largely emphasized the impact of the COVID-19
pandemic on the proliferation of online learning and the associated increase in cyber
threats [3]. More recent work has expanded into advanced solutions such as blockchain,
federated learning, and privacy-preserving machine learning pipelines [4], [5].

One such study identified over 51 publications on blockchain in education by
early 2023 alone [6].
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Protecting student data is a critical concern in digital and Al-driven education
systems. Several scholars have explored blockchain-based solutions for secure
recordkeeping and preventing unauthorized access [7], [8]. Shuhaimi et al. conducted
a global bibliometric study that demonstrated consistent growth in blockchain-related
research between 2017 and 2022 [9]. Cryptographic innovations have also emerged,
including a modified Snake and Ladder algorithm for educational data protection [10].

The role of privacy-preserving machine learning in education has attracted
increasing attention. Research suggests that integrating blockchain with Al can support
secure, decentralized data processing and analytics [5], [11], [12]. Cloud-based
platforms for student data tokenization are also being developed to enable controlled
data access and exchange without compromising privacy [13].

In parallel, researchers are investigating Al-driven personalized learning
environments built on decentralized infrastructures. Blockchain is seen as a key enabler
for managing performance data and supporting adaptive learning paths [14], [15].
Systematic reviews have contextualized blockchain’s impact on accreditation, digital
certification, and institutional governance [16], [17].

Meta-analyses and bibliometric reviews further underscore the momentum of
blockchain in educational technology. For example, Jain et al. and Razia employed
bibliometric methods to map thematic concentrations and research gaps [18], [19]. A
core use case highlighted is the authentication of academic credentials, where
blockchain can prevent fraud and ensure transparent, verifiable certification [20], [21].

However, despite this promise, challenges remain. Mohammad and Vargas
identify barriers to institutional adoption, including technological complexity and
unclear regulatory frameworks [22]. Samala et al. echo these concerns and stress the
need for proactive policy development and stakeholder engagement [23].

A conceptual distinction between decentralized and distributed systems was
introduced by Any et al., who argued that blockchain supports educational platforms
that are both secure and structurally adaptive [24]. Their analysis emphasizes
blockchain’s potential to support lifelong learning ecosystems while recognizing the
need for advanced cryptographic protections to mitigate privacy risks.

In summary, the literature confirms that tokenization, encryption, and blockchain
are foundational to modern educational data protection. However, broader adoption
requires overcoming institutional hesitancy, ensuring interoperability, and addressing
evolving threats in Al-enhanced learning.

Main part.

The implementation of tokenization in educational systems provides a
foundational layer of data protection by substituting sensitive student information—
such as personal identifiers or academic records—with non-sensitive, artificial
equivalents. This process ensures that the original data cannot be derived without
access to a secure vault or encryption mechanism. Vault-based tokenization, while
effective, introduces some performance constraints due to its reliance on centralized
storage. Vaultless tokenization, often utilizing format-preserving encryption, offers
enhanced scalability and is better suited for real-time environments. Within educational
contexts, tokenization is increasingly being used to safeguard identifiers in student
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information systems and analytics platforms, enabling privacy-conscious data usage
while minimizing the risk of unauthorized disclosure.

To further support tokenization, a suite of privacy-preserving technologies has
emerged to ensure student data remains secure, even when subjected to analytical
processing or shared across institutional boundaries. Among these, encryption
represents a longstanding and essential component of data security. It transforms
readable data into encrypted ciphertext using cryptographic algorithms, thereby
preventing unauthorized access during storage or transmission. Techniques such as
AES-256 and TLS provide robust protection for data at rest and in transit, respectively.
However, traditional encryption mechanisms require data decryption for operational
use, introducing temporary vulnerabilities. Although encryption is considered a
baseline regulatory expectation under laws such as FERPA and GDPR, its limitations
have prompted the development of advanced methods that maintain data
confidentiality during computation.

Homomorphic encryption addresses this limitation by enabling computations to
be performed directly on encrypted data. This property allows third-party systems, such
as cloud-based analytics platforms, to process sensitive student data without ever
accessing the underlying information. The technique holds substantial promise for
educational analytics and secure cloud-based learning services. Nevertheless, current
implementations remain computationally intensive and are not yet suitable for large-
scale, real-time use. Ongoing research seeks to improve performance through
algorithmic optimization and hardware acceleration, with the long-term goal of
integrating homomorphic encryption into operational academic environments.

Another significant advancement in data privacy is differential privacy, which
introduces statistically calibrated noise to data outputs. This approach is particularly
effective in contexts where aggregate data must be shared without revealing individual-
level information. For instance, a school district publishing demographic statistics on
academic outcomes can apply differential privacy techniques to preserve anonymity
while retaining analytical utility. The U.S. Department of Education has notably
applied this method in the College Scorecard initiative, wherein sensitive income and
graduation data were combined across agencies and protected through noise injection,
ensuring compliance with privacy obligations.

Secure multi-party computation (MPC) offers another privacy-preserving strategy
by enabling multiple institutions to perform joint computations over their private
datasets without revealing the data to one another. This method is particularly relevant
for collaborative research or cross-institutional audits, allowing, for example, the
analysis of financial aid impact across universities. Although MPC protocols are
currently limited by complexity and performance constraints, pilot implementations
have demonstrated their feasibility in higher education settings.

Federated learning represents an alternative model that emphasizes
decentralization. In this approach, machine learning models are trained locally within
each institution, and only model updates are shared with a central server. The raw
student data remains on-site, thereby significantly reducing the risk of exposure. This
model is particularly well-suited for educational technology providers that serve
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multiple institutions, enabling them to improve services through aggregated model
learning while ensuring compliance with privacy regulations.

Techniques such as pseudonymization and anonymization further support the
secure handling of student data. Pseudonymization involves replacing direct identifiers
with artificial codes, permitting data to be re-linked when necessary under tightly
controlled conditions. This is commonly used within operational systems to restrict
internal access. Anonymization, by contrast, entails the irreversible removal of all
personally identifiable information, thus eliminating the risk of re-identification and
allowing datasets to be shared or published without legal constraints under frameworks
such as GDPR. While pseudonymization is advantageous for institutional workflows,
anonymization is typically reserved for research or public data dissemination.

Each of these technologies exhibits distinct strengths and limitations. Traditional
encryption and tokenization offer effective and scalable protection, particularly for
structured databases and real-time systems. Advanced methods, such as homomorphic
encryption and MPC, provide robust theoretical guarantees but are not yet practical for
widespread deployment. Differential privacy excels in safeguarding output-level data
and is ideal for statistical reporting. Federated learning offers a balance between
privacy and usability, especially for distributed machine learning applications.
Ultimately, the integration of these techniques should be context-driven, with
educational institutions selecting solutions based on specific operational requirements,
compliance obligations, and technical capabilities.

Conclusion.

As educational institutions increasingly rely on digital platforms and data-driven
decision-making, the need to protect sensitive student information has become
paramount. This paper has examined a range of privacy-preserving technologies—
including tokenization, encryption, differential privacy, federated learning, and secure
multi-party computation—as mechanisms for enhancing data security in educational
environments. Among these, tokenization stands out for its practicality, scalability, and
compatibility with existing systems, offering an effective method for pseudonymizing
student data without significantly impacting usability.

Tokenization enables institutions to replace direct identifiers with meaningless
tokens, thereby reducing the risk of data exposure while maintaining analytical
capabilities. When combined with encryption and differential privacy, tokenization
forms part of a comprehensive privacy framework that can support compliance with
regulations such as FERPA and GDPR. While advanced techniques such as
homomorphic encryption and MPC provide robust theoretical protections, they are not
yet feasible for widespread deployment due to computational limitations.

Looking forward, a key direction for future research is the development of an
integrated system for student data tokenization, tailored to the needs of educational
institutions. Such a system should be modular, interoperable, and easily deployable,
supporting both vault-based and vaultless tokenization schemes. It must also be
designed to integrate with learning management systems, student information systems,
and external analytics platforms, enabling privacy-aware data sharing and analysis.

159



Modern Trends in the Development of Economy, Technology and Industry

In conclusion, tokenization and related privacy technologies represent essential
tools for protecting student data in an increasingly interconnected educational
landscape. The design and implementation of dedicated tokenization systems will be
critical for ensuring that institutions can benefit from data-driven innovation while
upholding the highest standards of privacy and regulatory compliance.
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