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Abstract

Traditional Human Resource Management (HRM) systems are criticized for lacking trans-
parency, being inefficient, and offering ample opportunities for fraud because of their
centralized design and reliance on manual processes. This work proposes a blockchain-
enabled framework for HRM that enhances the transparency, trust, and global mobility of
talents by integrating distributed ledgers, consensus protocols, and smart contract networks
into Human Resources (HR) functions. A four-layer theoretical model—data, consensus,
smart contract, and application layers—is developed and comparatively examined against
traditional HR systems to show how blockchain principles can be systematically mapped
into HR processes. This study shows how blockchain-driven HRM can ensure tamper-
evident employee records, automate contractual and payroll operations, and enhance
auditability and compliance. By informing the framework with established technology
adoption perspectives, this paper extends both the theoretical and managerial understand-
ing of blockchain in HR. In comparison with previous studies that were limited to either
recruitment or credential verification, this article presents an overarching, cross-layer syn-
thesis that connects blockchain architectures with end-to-end HR functions, thus providing
a clear conceptual foundation for its future enterprise adoption in the digital economy.

Keywords: blockchain; human resource management; smart contracts; transparency; talent
mobility; decentralized systems

1. Introduction
Traditional HRM systems are centralized, and that can potentially lead to a myriad of

issues. The absence of procedural transparency in activities such as recruitment, perfor-
mance appraisal, and payment processing can provide a breeding ground for inefficiency
and corruption. For instance, opaque personnel records can generate mismatches and
conflicts between qualifications and performance measures. The use of manual procedures
further increases the potential for error and delay, which in turn leads to inefficiencies in
HR processes [1]. Institutional restrictions on HRM practices, particularly when HRM is
conducted within highly regulated environments, can limit the functionality of traditional
HRM systems. Companies operating under strict labor market regulations may struggle to
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implement advanced HRM practices, rendering them unable to align with dynamic market
needs [2].

Blockchain technology provides a secure and decentralized ledger system that has
the potential to enhance the efficiency and transparency of HRM systems significantly.
Blockchain enables organizations to maintain an immutable and transparent record of
employee details, including work experience, qualifications, and performance reviews.
This not only fosters more trust among employees but also reduces the likelihood of fraud,
as any change in information would be easily traced [3].

The driving force for implementing Blockchain in HRM is to create an effective,
transparent, and secure human resource management system. Organizations become
increasingly attuned to the role of trust in their HR processes, as trust is directly correlated
with employee engagement and retention [4]. Reducing costs by being more efficient is a
significant driving force for organizations when utilizing Blockchain. By reducing the time
and effort dedicated to HR manual activities, organizations can allocate their resources
more effectively, resulting in improved performance [5]. Having employees provided
with real-time access to information can potentially render decision-making processes and
strategic planning smoother within HR departments [6].

Opacity in HRM systems is defined by limited transparency among processes and
decision-making. It may lead to distrust among employees and stakeholders because they
have no idea how decisions are made or how data is used. Byun and Suh [7] explain the
necessity of knowledge representation in HRM systems and argue that well-structured and
well-defined information is capable of preventing opacity. The use of semantic networks
to map knowledge can enhance understanding and enable better decision-making within
HRM systems. Ineffective HRM systems may result from outdated procedures, inadequate
automation, and poor data management.

Relying on traditional manual tasks can lead to inefficiency and errors, ultimately
impacting organizational performance. Klopova et al.’s [8] research highlights the need for
professional development in HRM to mitigate such inefficiencies. Through expenditure in
training and reforming HR practices, organizations can enhance their operational efficiency.
HR processes can be automated by implementing Human Resource Information Systems
(HRIS). Bah et al. [9] concluded that HRIS has a positive impact on HR management
strategies through timely and cost-effective decision-making information. Internal controls
cannot be overemphasized. Research has proven that a good internal control environment
significantly reduces the likelihood of fraud. For instance, the Government Internal Control
System (GICS) has been identified as a key fraud prevention mechanism in public sector
HRM [10]. Organizations should prioritize the formulation of comprehensive internal
control systems for fraud protection.

Previous studies on Blockchain in Human Resource Management (HRM) have predom-
inantly highlighted specialized applications, such as credential verification and recruitment
fraud deterrence, with limited exploration of broader HR activities, including payroll, per-
formance management, and global talent mobility [11,12]. The majority of studies adopt a
high-level conceptual framework without clarity on smart contract design frameworks that
can automate employment contracts, payroll disbursements, and performance-incentive
payouts [13]. Technical limitations are also exposed, as most models do not adequately
address data privacy, scalability, and interoperability challenges commonly encountered
in enterprise-scale HR settings [4]. Consequently, the available literature does not sup-
port end-to-end blockchain-based HRM architectures that can be instantiated within real
organizational networks.

Despite more discussion around digital HR transformation, there remains no system-
atic framework to map blockchain capabilities, distributed ledgers, consensus systems,
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and smart contracts across the full range of HR processes [14,15]. There are few compar-
ative evaluations of blockchain-based HR systems versus traditional HR management
systems, with most studies considering conceptual benefits without empirical reference
points or technical foundations [16]. These knowledge gaps highlight the need for techni-
cally rigorous research that not only builds conceptual models but also develops scalable,
privacy-preserving approaches and integrates legacy HR platforms.

This study presents a comprehensive blockchain-driven HRM framework that spans
recruitment through broader HR processes, with a specific focus on smart contract design
for automated, transparent, and trust-enabled HR processes. This paper contributes by
bridging the technical architecture of blockchain with managerial processes in HRM, offer-
ing a systematic, end-to-end framework that has not been previously integrated in existing
literature. This study presents a technically grounded paradigm of business HR ecosystems,
comprising layers of data, consensus, smart contracts, and applications. The study also
provides a comparative analysis of its merits with traditional HR systems, highlighting
the advantages of enhanced transparency, auditability, and global talent mobility. The
objectives are threefold: (i) to come up with a conceptual design for blockchain-enabled
HRM, (ii) to establish smart contract frameworks for key HR processes, and (iii) to eval-
uate technical challenges and propose future research areas, particularly those related to
interoperability, regulatory compliance, and decentralized identity management.

2. Background and Foundations
A distributed ledger is a shared and replicated database stored on multiple participants

of a network. Unlike traditional centralized databases managed by a single authority, a
distributed ledger ensures no participant has authority over the information [17]. All
participants have a copy of the ledger, and any addition or modification must be consented
to and approved by the network. This decentralization enhances transparency, security,
and resilience, as the ledger is not subject to single points of failure or manipulation [18].

Blockchains can be public (open to anyone), private (restricted to a single organiza-
tion), or permissioned (limited to approved participants). HRM contexts generally favor
permissioned systems due to privacy and compliance needs. Consensus mechanisms are
algorithms that enable participants in a distributed ledger to agree on the validity and order
of transactions. Consensus mechanisms play an important role in ensuring the integrity
and security of the Blockchain [18]. There are several consensus mechanisms, each with its
strengths and weaknesses (Table 1).

Proof of Work (PoW) is the first and most widely used consensus protocol, adopted
by Bitcoin [19]. In PoW, the network participants (miners) compete against one another to
solve difficult computational puzzles. The first to solve the puzzle miner confirms the new
block of transactions, adds it to the Blockchain, and receives a reward [18]. However, PoW
is energy-hungry and can lead to scalability issues [20,21].

Proof of Stake (PoS) is more energy-efficient than PoW. In PoS, validators are chosen
to create new blocks based on the number of tokens they possess (stake) [19,21]. The more
significant the stake, the more likely one will be picked as a validator. PoS is more energy-
efficient and can be used to increase the throughput of transactions, but may be prone to
wealth concentration problems [20,22]. Microchain follows a Proof-of-Credit (PoC), a pure
PoS protocol [22].

Practical Byzantine Fault Tolerance (PBFT) is a consensus algorithm that enables the
tolerance of Byzantine failures, which happen when a portion of the nodes on the network
are either malicious or faulty [19]. PBFT employs a pre-selected group of validators that
should agree on each transaction by passing through various rounds of voting [18]. It is
applied in permissioned blockchains where the participants are known and trusted [23].

https://doi.org/10.3390/blockchains4010002

https://doi.org/10.3390/blockchains4010002


Blockchains 2026, 4, 2 4 of 20

Table 1. Comparison of major blockchain consensus mechanisms and their HRM suitability.

Algorithm Type Strengths Weaknesses HRM Suitability

Proof of Work (PoW) Permissionless/Public

Proven security; high
data integrity
through
computational
validation; resilient
to malicious attacks.

Very high energy
consumption; low
throughput; latency
unsuitable for
enterprise HRM.

Not ideal for HRM
where energy
efficiency and
privacy are critical.

Proof of Stake (PoS) Permissionless/Semi-
public

Energy-efficient;
faster block creation;
economic incentive
aligns validator
honesty.

Risk of wealth
concentration;
limited governance
flexibility.

Suitable for open,
talent-mobility
platforms but not for
confidential HR data.

PBFT Permissioned/Private

High throughput;
low latency; tolerates
up to 1/3 malicious
nodes; deterministic
finality.

Requires trusted
validators; scalability
limited to small
networks.

Appropriate for
enterprise or
consortium HR
systems with known
participants.

PoA Permissioned/Private

Efficient and fast;
minimal
computation cost;
validator
accountability via
identity.

Relies on validator
honesty; partial
centralization risk.

Fits corporate HRM
needing compliance,
privacy, and
controlled access.

Proof of Reputation
(PoR) Hybrid/Permissioned

Incentivizes
consistent and
ethical participation;
reputation-based
fairness.

Complex reputation
scoring; potential
bias if reputation
metrics are opaque.

Useful for
performance
appraisal or
promotion systems
where stakeholder
trust is central.

Proof of Authority (PoA) is another consensus algorithm widely used in permissioned
blockchains. In PoA, the creation and verification of new blocks are performed by a small
group of preselected authorities [24]. The reputation of the authorities is at stake, and
therefore, they are incentivized to act honestly. PoA has high throughput and low latency
but relies on the honesty of the selected authorities [24–26].

Proof of Reputation (PoR) is one where the reputation of a node is considered in vali-
dating blocks [27–29]. Reputation is often calculated based on the node’s assets, transaction
behavior, and participation in consensus [27]. The most reputable node is often selected to
generate new blocks, and then blocks are verified through reputation-based voting [27,30].
Table 1 shows PoW and PoS fit public systems, while PBFT, PoA, and PoR suit private
HRM for efficiency, control, and trust.

3. Conceptual Framework: Blockchain-Enabled HRM Ecosystem
Through the features of Blockchain, trust, security, and efficiency in HR operations

can be enhanced in organizations. Table 2 identifies the four components of the blockchain-
based HRM ecosystem.
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Table 2. Functional layers and literature insights of the blockchain-enabled HRM ecosystem.

Layer Technical Features HRM Relevance References

Data Layer

Distributed ledger
technology (DLT),
decentralized storage,
tamper-proof
architecture.

Provides a trusted
foundation for all HR
processes, preventing
data manipulation and
loss of integrity.

[31]

Consensus Layer

Consensus algorithms
(PoW, PoS, PBFT, PoA);
fault tolerance;
permissioned
protocols.

Ensures the authenticity
and accuracy of HR data,
which is critical for
payroll, contracts, and
compliance.

[32,33]

Smart Contract
Layer

On-chain business
logic, cryptographic
execution, and
tamper-resistant
automation.

Translates HR policies
into self-executing rules,
reducing intermediaries
and errors.

[31,34,35]

Application Layer

dApps, Web3,
dashboards, portals,
mobile apps;
visualization and
analytics tools.

Bridges technical
infrastructure with
practical HR functions;
enhances usability and
adoption.

[36,37]

3.1. Data Layer

The data layer is the foundational component of the blockchain environment, where
all essential information is maintained. In the HRM scenario, this layer entails employee
qualifications, contracts, and other confidential details. The security and integrity of this
type of data are paramount because it contains private and personal details. For instance,
Kouzinopoulos et al. [38] prioritize secure data storage in their design for Internet of Things
(IoT) settings, where confidential user information is stored in a blockchain to ensure
integrity and non-repudiation. Similarly, the HRM data layer can utilize Blockchain to
deliver tamper-proof employee contracts and credentials, thereby reducing risks of data
tampering and trust between stakeholders.

3.2. Consensus Layer

The Consensus Layer plays a critical role in fostering trust among various HR stake-
holders, including employers, employees, and government regulators. The Consensus
Layer utilizes consensus algorithms to validate transactions and achieve a consensus among
parties regarding the state of the Blockchain. Lee et al. [39] discuss the application of con-
sensus mechanisms in IoT platforms backed by Blockchain and how they foster trust and
device interoperability. A robust consensus mechanism in HRM can facilitate open and fair
decision-making processes, such as recruitment and promotion, by offering all stakeholders
a chance to have their voice heard in reviewing employee records and contracts.

3.3. Smart Contract Layer

The Smart Contract Layer steps in to automate HR operations through self-enforcing
contracts that are executed according to predefined conditions. The layer is highly efficient,
as it eliminates the need for manual inputs in routine HR operations, including payroll
processing, benefits administration, and compliance verification. Wang et al. describe the
application of smart contracts to mechanize supply chain operations and check compliance
with regulatory requirements [3]. In HRM, smart contracts can be utilized to automate
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various tasks, including automatically triggering employment contracts based on specific
conditions, thereby reducing administrative work and potential conflicts.

3.4. Application Layer

The Application Layer serves as the portal through which HR professionals and
employees access the blockchain system. The layer comprises various HR platforms
that facilitate user experience, data querying, and process management. For example,
the development of user-friendly mobile applications enables Industrial Hemp Supply
Chain actors to receive and share information in real-time [40]. Similarly, in HRM, user-
friendly applications can enable workers to self-manage their credentials, access contracts,
and interact with HR processes with ease, thereby fostering a more positive overall user
experience and satisfaction.

The layered architecture enables a modular and extensible ecosystem of HRM. The
Data Layer provides raw data, which is validated and agreed upon by the Consensus
Layer. Smart contracts act on this validated data to automate the processes, and the
Application Layer offers interfaces for users to interact with the system [34]. This systematic
methodology enables each layer to be optimized in isolation without jeopardizing the
coherence of the entire ecosystem.

Security and scalability needs are emphasized in the literature as critical concerns in
all these layers. For instance, a combination of Blockchain and artificial intelligence (AI) in-
troduces additional layers of sophistication, including scalable consensus mechanisms and
secure smart contract execution, to support more complex computations and information
processing [35,41]. Permissioned blockchains, such as Hyperledger, demonstrate how layer
structures can be designed to incorporate access controls and various consensus protocols,
supporting specific organizational requirements [33]. Figure 1 illustrates how employees,
employers, regulators, and third-party verifiers interact with the blockchain HRM system
through secure data and trust flows.

Figure 1. Stakeholder mapping in blockchain-enabled HRM ecosystem.

4. Smart Contract Design for HR Processes
Smart contracts can offer several possible benefits for HR processes, including au-

tomation, transparency, and efficiency. Figure 2 illustrates how smart contracts automate
recruitment, onboarding, payroll, performance management, and talent mobility in an
HRM system. Several papers have noted the potential of smart contracts for optimizing HR
functions. Sivathanu and Pillai [42] outline “Smart HR 4.0,” noting the disruption of tradi-
tional HR processes by technologies such as IoT, Big Data, and AI, as well as the automation
of talent onboarding, development, and offboarding. This suggests smart contracts can be
a key enabler in this transformation. Pipino et al. [43] present a blockchain-based system
for digitalizing HR in Small and Medium Enterprises (SMEs), utilizing smart contracts for
employment contracts in a transparent and traceable manner. Ofori-Mensah et al. [44] pro-
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pose a design for a blockchain and smart contract-based system for authenticated academic
certification, aiming to enhance verification processes.

Figure 2. Smart contract workflow for HR processes.

Clack et al. [45] lay the foundation for smart contracts by defining them as automat-
able and enforceable agreements, covering essential requirements and design decisions
for legally enforceable smart contracts. Smart contracts enhance procurement efficiency
in terms of cost, time, and quality, while also building trust through transparency and
security [46]. These can be utilized for HR processes to promote efficiency and trust be-
tween employees and the firm. Wahab et al. [47] support this by demonstrating how smart
contracts can reduce delays and disputes in construction management. In the design science
research methodology, a framework integrating blockchain smart contracts is developed
to address power imbalance issues in construction payment, resulting in transparent and
decentralized decision-making [48]. Smart contracts offer potential benefits in several HR
areas, as shown in Table 3. To demonstrate the logical feasibility of the proposed framework,
the following pseudocode outlines a simplified smart contract for payroll processing within
a blockchain-enabled HRM system (Figure 3):

 

Figure 3. A simplified smart contract for payroll processing within a block-chain-enabled HRM system.
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Table 3. Potential applications of smart contracts in HR management.

HR Area Role of Smart
Contracts/Technology Benefits References

Recruitment and
Credential
Verification

Enforce decentralized
verification of higher
education certificates

Authenticity, integrity,
and reduced risk of
counterfeit credentials

[49,50]

Employment
Contracts and
Onboarding

Automates legal
relationships and
bureaucratic tasks

Simplification, reduced
cost, improved
efficiency

[43,51]

Payroll and Benefits

Blockchain-based
payroll and benefits
processing, SaaS
integration

Faster transactions,
transparency, and
reduced errors

[52]

Performance
Management

AI and smart contracts
integrated with talent
management

Enhanced feedback,
real-time monitoring,
and fair evaluation

[53]

Talent Mobility
Technology-enabled
workforce mobility
optimization

Ensures the right talent
placement and agility
in workforce planning

[52]

One of the key architectural aspects of smart contracts, as described in the literature,
is the development of safe and effective execution platforms. Müller et al. [54] introduce
TZ4Fabric, an extension to Hyperledger Fabric that utilizes ARM TrustZone technology to
enhance confidentiality and security when executing smart contracts. HR circumstances
where personal employee data and contractual requirements must be protected from
fraud are especially crucial. Trusted Execution Environments (TEEs) safeguard code and
data, thereby overcoming significant security issues in HR smart contracts that manage
sensitive data.

Smart contract design concepts remain important. Jurgelaitis et al. [55] presented
MDAsmartCD, a model-driven development strategy that encompasses the entire smart
contract development lifecycle, from computation-independent models to platform-specific
code. Such approaches enable systematic and regular development, which HR systems need
for compliance, accuracy, and audibility. Bagozi et al. [56] leverage semantic understanding
and developer experience to search for smart contracts from multiple perspectives, thereby
improving contract discoverability and reuse. This framework can help HR departments
organize and access employment contracts, non-disclosure contracts, and benefit policies.

Smart contract upgradeability and adaptability are frequently stressed in the litera-
ture. Du et al. [57] propose a four-tier paradigm that enables on-chain upgrades, allowing
contracts to be updated without interrupting ongoing activities. In HR applications, where
laws and regulations frequently change, contract management must be adaptive while
maintaining integrity and compliance. Security vulnerabilities and verification are top
research priorities. Park, developed by Zheng et al. [58], improves smart contract vulnera-
bility detection using parallel symbolic execution. Since HR-related smart contracts contain
confidential information and penalties for breaches, they must be secure and accurate.
Finding weaknesses can protect HR smart contract systems from attacks.

Real-world smart contract implementations in other areas show how HR processes
use them. Shahzad et al. [59] developed a blockchain-based supply chain monitoring
system incorporating smart contracts for enhanced traceability and verification. Pipino
et al. [43] propose a blockchain platform for digitalizing HR with traceable relationship
management in a microservices architecture. This platform demonstrates how smart con-
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tracts can make employment, certification, and performance appraisal records transparent
and tamper-proof. Blockchain in HR processes help build stakeholder trust and simplify
verification. In practical deployments, smart contract upgradability is essential because
HR policies, regulatory requirements, and compensation structures evolve over time. Mod-
ern blockchain frameworks support upgradeability through proxy-based architectures,
in which the contract’s storage is separated from its execution logic. The proxy contract
remains permanent on the ledger, while the logic contract can be replaced with a new
version, ensuring that historical records remain immutable while updated HR rules are
applied going forward. This approach enables policy modifications without disrupting past
payroll transactions, employment agreements, or auditability, thereby aligning blockchain
immutability with the dynamic nature of HR governance.

External data dependencies and data integrity are discussed in the literature. Wang
et al. [60] examine the complexity of smart contracts and their external data dependencies
to help designers create secure and reliable contracts that utilize off-chain data. In HR
applications, where external data like background screening, certification verification, and per-
formance information is used, data integrity is crucial for contract validity and enforceability.
New smart contract development and upgrading methods are also suggested. FlexiContracts,
as described by Hossain et al. [61], simplify smart contract construction and upgradability, and
facilitate iterative improvement. HR systems must be flexible enough to adapt to changing
legal requirements, organizational policies, and technological advancements.

5. System Architecture for Blockchain-Enabled HRM
Blockchain technology could improve HRM systems. Blockchain offers security,

transparency, and efficiency. For example, Nagothu et al. [61] introduce a novel secure
smart surveillance system using microservices architecture and blockchain technology. Xu
et al. [62] propose a Blockchain-Enabled Social Credits System (BLESS)-based approach
to trustworthy and secure communities that reward inhabitants for socially worthwhile
acts. Blockchain’s decentralized design enhances data privacy and security, addressing the
vulnerabilities of centralized systems and their associated data breaches [63]. Blockchain’s
immutable character ensures data integrity and protection against tampering, enhancing
trust and accountability [64,65]. Blockchain-enabled identity verification allows secure and
transparent credential and work experience verification, enabling efficient recruitment [66].
Blockchain streamlines and transparentizes HRM operations. Smart contracts can automate
salary and performance reviews [61,62]. Blockchain design can make HRM operations
more transparent, thereby boosting management-employee confidence [64,67].

5.1. Choice of Blockchain Type

There exist some works promoting the use of blockchain technology to enhance se-
curity and privacy in various applications, which can be translated to HRM systems. Ma
et al. [68] propose a lightweight blockchain-based system for the Internet of Vehicles (IoV),
focusing on hierarchical data sharing and a redesigned blockchain framework suitable
for resource-constrained IoT devices. Similarly, Ismail et al. [69] introduce a lightweight
blockchain solution for healthcare data management, focusing on scalability, fault tolerance,
and privacy based on clustered networks and secure channels. Wan et al. [70] propose
the use of blockchain architecture in smart factories as a solution to the problems inherent
in traditional Industrial Internet of Things (IIoT) architectures. Since HRM deals with
confidential employee data, Blockchain provides a trust mechanism [71]. Federated [72]
and consortium blockchains [73,74] both offer data access management and privacy solu-
tions, with data sharing managed by selected nodes and preselected nodes, respectively.
These architectures can be tailored to meet the exact needs of an HRM system, finding a

https://doi.org/10.3390/blockchains4010002

https://doi.org/10.3390/blockchains4010002


Blockchains 2026, 4, 2 10 of 20

balance between data protection requirements and transparency. In addition, Blockchain
offers a novel solution for securing Mobile Edge Computing (MEC) environments and
protecting data [75]. The selection of the appropriate type of Blockchain, whether per-
missionless or permissioned, is a fundamental decision that significantly influences the
system’s functionality, security, and the extent to which it meets organizational needs
(Table 4).

Table 4. Comparative characteristics of blockchain dimensions relevant to HRM implementation.

Blockchain
Type/Consensus
Relevance

Opportunities Limitations Reference

Favors permissioned
blockchains for
confidentiality and
controlled access

Improves the
integrity and
transparency of
recruitment data;
strengthens trust in
employee record
management

Data privacy and
regulatory compliance
concerns in handling
sensitive HR data

[76]

Permissioned
blockchains are
recommended due to
organizational control
and restricted access

Provides secure,
transparent, and
tamper-proof
employee records
(employment
history, payroll,
certifications)

Need for managing
access rights carefully to
protect sensitive
information

[77]

Permissioned
blockchains align
better with HR privacy
and compliance needs

Enhances HR
productivity,
confidentiality, and
regulatory
compliance

Permissioned
blockchains require
careful governance to
manage access rights
and validator roles.
Although they enhance
privacy, they may
introduce partial
centralization, and
scalability can be
constrained by the
limited number of
participating nodes.

[78]

The use of permissionless or permissioned blockchains has to consider the specific
organizational environment and legal context. For instance, in heavily regulated sectors or
jurisdictions with strict data privacy laws, permissioned blockchains will be preferred for
their ability to enforce access controls and compliance measures. Permissionless blockchains
may be better for open talent networks and decentralized autonomous organizations where
decentralization and transparency are more important than confidentiality [79]. Hybrid
blockchain models that customize HRM systems to both types have also been studied. Such
approaches aim to combine the openness and security of permissionless blockchains with
the privacy of permissioned systems. These new combinations offer significant potential
for HRM applications, particularly as organizational needs become increasingly complex
and diversified [80].
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5.2. Data Flow Model

Some papers provide data flow models suitable for blockchain-based applications.
Liang and Zhao [73] specify a system unifying “on-chain and off-chain” data storage
using smart contracts, IPFS, and Web Services for effective and reliable data flow in a
student quality appraisal system. Ma et al. [81] propose an edge computing and Blockchain
technique-based secure distributed data aggregation and verification (SDAV) mechanism,
suggesting a distributed data aggregation system that is highly appropriate for the secure
collection and storage of data. Hossein et al. [82] highlight Supervisory Control and Data
Acquisition (SCADA) systems, highlighting that blockchain technology has the potential to
provide the essential features of decentralization, near real-time functionality, security, and
privacy, while Hsiao and Sung [83] propose a blockchain-based supply chain information
operation methodology to solve the current absence of business information sharing in the
supply chain. These frameworks can be modified to achieve a secure and effective data flow
in an HRM system, ensuring data integrity and accessibility. Blockchain interoperability
can facilitate uninterrupted data flow between systems and networks [84].

5.3. Security and Privacy Mechanisms

Security and privacy are common issues in related works. Some research proposes
mechanisms to achieve the same goal. Marwan et al. [85] propose the use of Attribute-Based
Access Control (ABAC) with eXtensible Access Control Markup Language (XACML) poli-
cies and Blockchain for securing cloud-enabled IoT in healthcare. Similarly, Mei et al. [86]
propose a blockchain-assisted privacy-preserving authentication protocol for transportation
CPS, utilizing elliptic curve cryptography for anonymity and batch integrity verification.
Qi et al. [87] introduce a consortium blockchain-based federated learning system with
differential privacy for protecting model updates. Additionally, Chen et al. [88] propose
a Decentralized Privacy-Preserving Deep Learning (DPDL) system for Vehicular Ad Hoc
Network (VANET), utilizing fully homomorphic encryption and Blockchain to encrypt
transportation data, thereby protecting the privacy and trustworthiness of vehicles. Khan
et al. [74] proposed a blockchain-based Hyperledger Fabric-enabled consortium model
called BIoMT. These frameworks can address security and privacy concerns in an HRM
system, enabling compliance with regulations such as GDPR [89]. There are also other
works introducing other in support of security and privacy, such as lightweight hybrid deep
learning protocol [88], Blockchain and smart contract-based decentralized and dynamic
consent system [90], multi-layered security federated learning [91], Blockchain-enabled
Dew Servers [92], sharding-based scalable and secure approach to blockchain-based access
control framework for IIoT [93], privacy protection scheme for epidemiological investi-
gation [94], multi-agent reinforcement learning-based task-offloading strategy [95], Fog
Computing Network Architecture Based on Dynamic Sharding Blockchain [96], VindSec-
Llama Security Architecture [97], and Enhanced Privacy-Preserving Blockchain-Enabled
Federated Learning (EPP-BCFL) [98]. In addition, homomorphic encryption and feder-
ated learning can provide secure data for medical AI systems [92,99]. The Integration of
blockchain and trust chains can make processes more efficient and secure, demonstrating a
double return on investment [100].

Deng et al. [101] discuss the security weaknesses of Blockchain and the potential
leakage of users’ information. Rana et al. [102] caution that blockchain technology alone
is insufficient for a better identity solution and that pragmatic guidelines are needed to
help users make effective decisions. Another factor is the high energy consumption and
low transaction throughput of permissionless blockchains, such as Bitcoin, making them
unsuitable for all use cases [69]. Traditional blockchain scalability may not be able to meet
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the demands of real-time data processing, and the consensus algorithm may not be suitable
for resource-constrained devices [75].

6. Comparative Analysis: Blockchain vs. Traditional HR Systems
Decentralization in Blockchain promotes transparency with a shared, verifiable ledger

among approved parties [103–106]. Blockchain’s auditability enables easier tracing of mod-
ifications and data access, promoting accountability [105–107]. Smart contract integration
can automate HR processes, making them more efficient and minimizing the scope for
human error [108–110]. Smart contracts, for instance, can be used to automate payroll
functions or authenticate employee credentials. Radjenovic [111] suggests that Blockchain
can minimize information asymmetry and transaction costs, especially in data-intensive
sectors such as e-health, mirroring HR’s requirement for secure and efficient data han-
dling. Fraga-Lamas and Fernandez-Carames [112] refer to Blockchain’s ability to enhance
data security, privacy, and authenticity, leading to improved operational efficiency in the
automotive industry, and demonstrating its application across various industries.

The immutable ledger functionality ensures all transactions and input data are fixed
and verifiable, with minimal opportunities for forgery and unauthorized alterations. This
characteristic is particularly relevant to the management of personnel data, qualifications,
and salary records, where reliability and accuracy are crucial. Tellew and Kuo [113] demon-
strate how Blockchain and smart contracts can facilitate the decentralized management of
healthcare training certificates, extending this to HR contexts, where staff credentials and
compliance documents are examples. Such systems can significantly reduce administra-
tive burdens and increase trustworthiness compared to paper-based or centralized digital
systems. The cross-comparison by Kowsar and Mintoo [114] highlights the application of
blockchain technology in banking, including loan processing, maintaining credit history,
and eliminating age-old inefficiencies through automation and instant verification. The
same would be held for HR systems where blockchain technology can streamline processes
such as onboarding, credentialing, and payroll management. The use of smart contracts
eliminates repetitive work, streamline processing, and reduces the likelihood of errors,
which is a common weakness of conventional HR systems based on manual interventions
and isolated data management.

The requirement to adjust transactions due to uncertainty and the necessity for ac-
counting judgment presents a significant hindrance. Wang et al. [104] acknowledge the
heterogeneity, time-variability, and non-interoperability of space-air-ground IoT systems, as
well as the capacity and scalability limitations of existing blockchain solutions, as key barri-
ers. Cost may also be a limiting factor [104,109,115]. Maurya and Dwivedi [116] recognize
security and scalability issues in traditional e-voting systems as challenges, acknowledging
that blockchain deployment must be well-planned to overcome these vulnerabilities. Fur-
thermore, the technical expertise required for implementing and maintaining blockchain
solutions could be an obstruction for some organizations [109].

The Integration of Blockchain with emerging technologies like AI and IoT holds the
added promise of enhancing HR operations, including workforce analytics, talent manage-
ment, and identity verification. The analysis of blockchain systems presents data regarding
the different architectures found within various blockchain platforms that may facilitate
their application in HR applications. Scalability, security, and interoperability are crucial
considerations in system design for HR systems based on blockchain technology [117,118].
The choice of platform will impact not only system performance but also compatibility with
legal and organizational specifications. Table 5 summarizes the comparative evaluation of
blockchain and traditional HR systems across major dimensions derived from the literature.

https://doi.org/10.3390/blockchains4010002

https://doi.org/10.3390/blockchains4010002


Blockchains 2026, 4, 2 13 of 20

Table 5. Comparison of traditional vs. blockchain-enabled HR systems.

Criterion Traditional HR
Systems

Blockchain-Enabled HR
Systems

Relative
Advantage

Transparency and
Auditability

Data visible only to
administrators;
audit trails often
manual.

Immutable shared
ledger; every transaction
verifiable by design.

High

Automation and
Efficiency

Manual approval
chains; prone to
delay and error.

Smart contracts execute
predefined HR rules
autonomously.

High

Data Integrity and
Trust

Centralized
databases;
vulnerable to
alteration.

Distributed consensus
ensures tamper-evident
records.

High

Security and
Compliance

Controlled by
internal IT;
compliance relies
on policy
enforcement.

Secured via
cryptography; needs
legal adaptation for data
privacy.

Moderate

Scalability and
Integration

Easily scalable with
traditional
infrastructure but
limited
interoperability.

Dependent on consensus
type; scalable via
modular design and AI
integration.

Moderate

Many studies show that blockchain provides tamper-proof, accessible repositories for
employee data, automated payroll and reward management through smart contracts, and
accountability with clearly visible audit trails. Such developments are believed to enhance
the power of both employees and organizations while allowing secure and efficient HR
operations to take place [12].

However, these benefits come with distinct trade-offs. There are recognized limitations
to scalability, given current blockchain networks struggle with high throughput and large
data requirements found in big organizations. The other prominent factor is cost, including
substantial investments to get it running and continuous maintenance, as well as high
energy usage by public blockchain networks. Adaptation and compliance with the regu-
latory environment keep on being an issue since organizations need to adapt to evolving
regulations and ensure that best practices are put in place regarding data protection under
strong laws like GDPR. Interoperability with legacy HR systems and the complexity of
governance models often require careful technical and organizational alignment.

Scholarly reviews have also consistently underlined that blockchain in HR has a
practical future as a complementary infrastructure and not a replacement. Successful
implementation requires that an organization maintains alignment between technical
architecture and regulatory and policy frameworks. In this way, an organization will ensure
it is able to use blockchain as enabling infrastructure of trust and enhance its accountability,
transparency, and data assurance without attempting an overall replacement of the existing
HR systems [119].

7. Future Directions
Current HR technologies often operate in isolated systems, which limits their ability to

scale or support transparency-driven governance. From a technology-adoption perspective,
models such as the Technology–Organization–Environment (TOE) framework and Institu-
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tional Theory explain many of the barriers to blockchain adoption observed in HR contexts.
Organizational resistance to transparency—for example, reluctance to expose decision-
making processes, compensation rules, or audit trails—can be interpreted as a cultural and
institutional barrier rather than a purely technical one. TOE highlights how perceived risks,
resource constraints, and readiness influence adoption, while Institutional Theory explains
how existing power structures and formal norms may resist blockchain’s decentralizing
effects. Linking these perspectives clarifies why organizations may be hesitant to adopt
tamper-evident HR systems, even when the technical benefits are substantial.

Smart contracts in HR automation will become more complicated and responsive.
Smart contracts can incorporate AI and machine learning to respond to organizational
behavior and adjust regulations in real-time. Adjustable smart contracts can remove per-
formance reviews and customize benefit schemes based on real-time monitoring. These
innovations will turn static HR workflows into smart, self-optimizing systems. The appli-
cation layer will also become more user-centric, accessible, and easy to use. Future HR
blockchain solutions will combine Augmented Reality (AR) and Virtual Reality (VR) to
create interactive training, recruitment, and employee engagement venues. Integrating
with natural language processing (NLP) tools will ease interactions, allowing HR and
workers to communicate with blockchain systems, thereby reducing technical barriers
to adoption.

Ethics and regulation will shape blockchain in HRM. When employee data is decen-
tralized, privacy, international labor standards, and openness will be important priorities.
There should be research to inform models of ethical stewardship, balancing innovation
with responsibility. Policymakers, organizations, and technologists must collaborate to
establish standards that promote trust, fairness, and equity, ensuring blockchain-enabled
HRM evolves into a responsible and sustainable practice.

As future work, we will implement and validate the proposed blockchain-enabled
HRM framework through multiple empirical case studies across different sectors (for ex-
ample, technology and healthcare). These case studies will evaluate technical feasibility,
performance (e.g., latency and throughput), privacy and regulatory compliance, and orga-
nizational adoption challenges, and will be used to refine the smart contract designs and
governance models.

8. Conclusions
In this study, blockchain-based HRM has been investigated as an innovative solution

to the traditional constraints of opacity, inefficiency, and distrust in traditional HR systems.
After a systematic examination of the multi-layered structure, data, consensus, smart
contract, and application layers of Blockchain, the paper demonstrates how each one assists
in building an enterprise-level HR system that offers transparency, tamper-resistance, and
accountability among stakeholders. The proposed model expands beyond niche uses, such
as validating credentials, and positions Blockchain at the core of end-to-end HR functions,
including payroll, performance management, and talent mobility.

One of the contributions lies in defining design patterns for smart contracts that en-
capsulate contract relations, payroll payments, and incentives. In contrast to descriptive
accounts in the current literature, this article defines such frameworks critically as concrete
for implementing HR logic into enforceable digital contracts, with a focus on upgradeability,
compliance, and dispute resolution as essential design imperatives. By situating these
architectures within the context of more abstract system architecture choices —such as per-
missioned vs. permissionless chains, on-chain vs. off-chain storage, and privacy-preserving
techniques, the research provides a technology-informed agenda for implementation.
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A side-by-side comparison with traditional HR systems highlights the strengths of
blockchain-based HRM in terms of data integrity, auditability, and trust. While centralized
HR databases are susceptible to inaccuracy, tampering, and inefficiency, Blockchain creates
a tamper-evident history of employee data that is transparent to rightful stakeholders.
Smart contracts further decrease administrative overhead by automating low-value tasks,
and consensus protocols ensure higher trust and certification of sensitive transactions, such
as payroll or promotions. These relative outcomes shed light on Blockchain’s potential not
as a replacement but as an add-on value to existing HR systems.

The paper identifies the unresolved questions of scalability, regulatory adherence,
and Integration with legacy systems. Legal uncertainty regarding smart contracts, energy
consumption of consensus algorithms, and the need for viable governance models remain
barriers to general acceptance. These questions must be resolved by interdisciplinary
collaboration at the nexus of technology, law, and organizational management. Future
research must also focus on interoperability standards, privacy-preserving measures such
as zero-knowledge proofs, and adaptive consensus algorithms specific to HRM use cases.

Blockchain-based HRM represents a paradigm shift toward more transparent, trust-
worthy, and globally interoperable human capital systems. The path forward involves not
only technical innovation but also ethical and regulatory leadership in reconciling efficiency
with employee rights and data privacy. If these are available, Blockchain can evolve from
experimental pilots to mainstream HR infrastructures that enhance workforce mobility,
reinforce trust between employers and employees, and allow organizations to thrive in the
digital economy.
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Abbreviations
The following abbreviations are used in this manuscript:

AI Artificial Intelligence
AR Augmented Reality
DApp Decentralized Application
DLT Distributed Ledger Technology
GDPR General Data Protection Regulation
HR Human Resources
HRIS Human Resource Information System
HRM Human Resource Management
ICPS Intelligent Cyber–Physical Systems
IIoT Industrial Internet of Things
IPFS InterPlanetary File System
IT Information Technology
MEC Mobile Edge Computing
PBFT Practical Byzantine Fault Tolerance
PoA Proof of Authority
PoR Proof of Reputation
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PoS Proof of Stake
PoW Proof of Work
SME Small and Medium Enterprises
TEE Trusted Execution Environment
VANET Vehicular Ad Hoc Network
VR Virtual Reality
XACML eXtensible Access Control Markup Language
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