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Introduction

The book “Blockchain Transformations: Navigating the Decentralized Protocols
Era” is a go-to guide, revealing how the amazing technology known as blockchain
is reshaping various aspects of our lives—from education and health to banking and
beyond. In a world that’s always changing with technology, blockchain emerges as
areal game-changer. This book is not just about the technology itself, but about the
incredible transformations it brings to different aspects of our lives. This book will
take you on a journey with blockchain through education, healthcare, digital iden-
tity, and more, revealing the potential for positive change. Each chapter is a window
into the practical applications and real-world impacts of blockchain technology.
This book is for everyone—whether you’re a curious learner, a tech enthusiast,
or a professional seeking insights into the next wave of innovation. This book will
take you on a trip to explore how this technology is making our world better. Let’s
dive in together into these chapters, explore the exciting world of decentralization,

and discover new possibilities.

— Empowering Education: Leveraging Blockchain for Secure Credentials and
Lifelong Learning
Embark on a journey through the educational realm as we unveil the secure and
lifelong learning opportunities facilitated by blockchain technology.

— Utilization of Blockchain Technology in Artificial Intelligence—Based
Healthcare Security
Explore the intersection of blockchain and artificial intelligence, unraveling the
enhanced security measures in healthcare through innovative applications.

— Decentralized Key Management for Digital Identity Wallets
Delve into the ecosphere of digital identity management as we navigate through
decentralized key solutions in the realm of blockchain.

— Towards Blockchain-Driven Solution for Remote Healthcare Service: An
Analytical Study
Conduct a critical analysis of blockchain-driven solutions, particularly focusing
on remote healthcare services and their transformative impact.



vi

Introduction
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Uncover the technical and economic aspects surrounding smart contract vulner-
abilities, offering insights into potential pitfalls and safeguards.

Modernizing Healthcare Data Management: A Fusion of Mobile Agents and
Blockchain Technology

Witness the fusion of mobile agents and blockchain technology in revolutioniz-
ing healthcare data management, ensuring efficiency and security.

Machine Learning Approaches in Blockchain Technology-Based IoT
Security: An Investigation on Current Developments and Open Challenges
Investigate the synergy between machine learning and blockchain in ensuring
the security of the Internet of Things (IoT) and address current challenges.
Decentralized Identity Management Using Blockchain Technology:
Challenges and Solutions

Navigate through the challenges and innovative solutions in decentralized iden-
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Reshaping the Education Sector of Manipur Through Blockchain

Witness the transformative impact of blockchain on the education sector, with a
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economy practices among small- and medium-sized enterprises (SMEs).
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Chapter 1

Empowering Education: Leveraging
Blockchain for Secure Credentials
and Lifelong Learning

Adil Marouan, Morad Badrani, Nabil Kannouf, and Abdelaziz Chetouani

1 Introduction

1.1 Background on Blockchain Technology and Its
Applications Beyond Finance

Blockchain technology, initially developed for cryptocurrencies like Bitcoin, has
garnered widespread attention due to its potential to revolutionize various industries
beyond finance. Blockchain is a decentralized and distributed ledger that records
transactions across multiple computers, ensuring transparency, immutability, and
security. While finance was the initial domain where blockchain gained prominence,
its applications have expanded to numerous sectors, including education [16, 22].

Blockchain technology provides several unique features [17] that make it suit-
able for applications beyond finance. One of the key features is decentralization,
which means that no single entity has control over the entire blockchain network.
Instead, the network participants, known as nodes, collectively maintain and vali-
date the transactions and records. This decentralized nature eliminates the need for
intermediaries, reducing costs and increasing efficiency.

Another crucial aspect of blockchain is immutability. Once a transaction or
record is added to the blockchain, it cannot be altered or deleted. This feature
ensures the integrity and trustworthiness of the data stored on the blockchain, mak-
ing it highly resistant to tampering and fraud. Immutability is achieved through
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cryptographic techniques and consensus algorithms, ensuring that all network par-
ticipants agree on the validity of transactions [4, 24].

Furthermore, blockchain technology offers enhanced security. Data stored on the
blockchain is encrypted and linked to previous transactions, creating a chain of
blocks that are nearly impossible to manipulate without consensus from the net-
work. Additionally, the decentralized nature of the blockchain reduces the risk of a
single point of failure and makes it more resilient against cyberattacks.

Beyond finance [2], blockchain technology has the potential to transform the
field of education. By leveraging its unique features, blockchain can address various
challenges related to data privacy, security, verification, and accessibility in
education.

1.2 Importance of Exploring Blockchain Technology
in Education

Blockchain technology has emerged as a transformative force across various indus-
tries, and its potential in the field of education is gaining significant attention.
Blockchain, often associated with cryptocurrencies like Bitcoin, is essentially a
decentralized and transparent digital ledger that records and verifies transactions.
However, its application extends far beyond financial systems, offering unique
advantages that can revolutionize the education sector (Fig. 1.1).

This chapter aims to explore the potential of BCT in revolutionizing education.
It addresses key issues related to data privacy, security, verification, and accessibil-
ity within the education system.

Blockchain enhances education Blockchain-based learning Blockchain enables decentralized
credentialing and verification records facilitate portable and learning platforms, fostering
with secure storage and reliable verified achievements, enabling direct interaction between
methods like MIT’s Digital seamless credit transfer and students and educators, as
Diploma, reducing fraud and recognition of prior learning exemplified by platforms like
ensuring trust. across institutions and industries. Teachur and BitDegree.

Blockchain’s smart contracts
automate administrative tasks in
education, improving efficiency,

reducing errors, and enabling

personalized student support
through streamlined enrollment,
fee payments, course
registrations, and certification
issuance.

Blockchain ensures secure data
management in education by
leveraging decentralization,
cryptographic algorithms, and
student-controlled selective
sharing, safeguarding student
records and sensitive information
from breaches.

Fig. 1.1 Applications of BCT in education
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Blockchain Technology and Education

2.1 Unique Features of Blockchain That Can Address

Educational Challenges

Blockchain technology possesses several unique features that have the potential to
address various challenges faced in the field of education. This section will explore
some of these features and their potential applications in addressing educational
challenges.

(a)

(b)

(c)

(d)

(e)

Data Integrity and Security: Blockchain’s inherent design ensures data integrity
and security. The immutability of data stored on the blockchain makes it highly
resistant to tampering or unauthorized modifications. This feature can be lever-
aged to address challenges related to student record management, certificate
authentication, and academic credential verification [3], storing educational
records and credentials on the blockchain, educational institutions can maintain
a reliable and tamper-proof repository of student achievements, ensuring the
authenticity and security of educational data [21].

Transparent and Trustworthy System: Blockchain’s transparency and decentral-
ized nature create a trustworthy system for educational transactions. Smart con-
tracts, self-executing agreements built on blockchain, can facilitate transparent
and automated processes in various areas, such as student enrollment, course
registration, and financial transactions. These smart contracts can streamline
administrative processes, reduce fraud, and enhance trust among stake-
holders [2].

Portable and Lifelong Learning Records [14]: Blockchain technology enables
the creation of portable and interoperable learning records. Students can have
ownership and control over their educational achievements, which can be
securely stored on the blockchain. This feature allows for the seamless transfer
of learning records between educational institutions, supporting lifelong learn-
ing and facilitating credential recognition.

Microcredentialing and Personalized Learning: Blockchain can enable the issu-
ance and management of microcredentials, which are digital badges represent-
ing specific skills or competencies. Microcredentials can be verified and shared
securely, allowing individuals to demonstrate their skills beyond traditional
degrees or certifications. This supports personalized learning pathways,
enabling learners to showcase their diverse skills and achievements.

Enhanced Collaboration and Content Sharing: Blockchain technology can
facilitate decentralized and peer-to-peer collaboration among learners and edu-
cators. Blockchain-based platforms can provide secure environments for shar-
ing educational resources, fostering collaboration, and incentivizing
contributions through tokens or rewards. This decentralized approach promotes
the creation and sharing of open educational resources, encouraging innovation
and knowledge exchange.
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By leveraging the unique features of blockchain, educational institutions can over-
come challenges related to data security, transparency, portability of records, and
collaboration. However, it is important to carefully consider the implementation of
blockchain in education and address technical, regulatory, and ethical consider-
ations to maximize the potential benefits.

2.2 Potential Benefits of Implementing Blockchain
in Education

Implementing blockchain technology in education holds the potential to bring about
several significant benefits. This section will explore some of the potential advan-
tages that blockchain can offer to the field of education.

Enhanced Data Security and Privacy: Blockchain ensures data security and pri-
vacy by decentralizing and making it tamper-resistant, enhancing the protection of
educational records and sensitive student information [3]. This can help protect
against data breaches and ensure the integrity of academic records.

Improved Verification and Credentialing: Blockchain revolutionizes credential
verification by creating a tamper-proof repository of academic records, enabling
easy and authentic verification for employers and institutions, reducing reliance on
paper-based methods [14]. This streamlined and efficient verification process can
help address issues related to credential fraud and enhance trust in the educa-
tional system.

Increased Transparency and Accountability: Blockchain’s transparency and
auditability promote accountability in education by recording transactions and
ensuring transparent processes, preventing fraud and fostering integrity in institu-
tions [2]. Additionally, the decentralized nature of blockchain can foster trust among
stakeholders, as all participants have access to the same verified information.

Facilitated Micropayments and Royalties: Blockchain technology enables the
use of smart contracts, which are self-executing contracts with predefined rules and
conditions. Smart contracts can facilitate micropayments and royalties for educa-
tional content creators, such as authors, instructors, or developers of educational
resources. Through blockchain-based platforms, creators can receive fair compen-
sation for their work, fostering innovation and encouraging the production of high-
quality educational materials [14].

Streamlined Administrative Processes: Blockchain has the potential to stream-
line administrative processes in the education sector. By leveraging smart contracts,
tasks such as student enrollment, course registration, and financial transactions can
be automated and executed with increased efficiency. This can reduce administra-
tive burdens, minimize errors, and free up valuable resources for educational
institutions.

Open and Collaborative Educational Ecosystem: Blockchain technology can
facilitate the creation of an open and collaborative educational ecosystem. It can
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enable the sharing and verification of educational resources, fostering collaboration
among educators and learners. Blockchain-based platforms can provide secure
environments for the creation, sharing, and adaptation of open educational resources,
ensuring attribution, and incentivizing contributions [14].

2.3 Examples of Universities and Educational Institutions

Implementing Blockchain

These examples showcase how universities around the world have started to inte-
grate blockchain technology into their educational processes, ranging from issuing
digital credentials to conducting research and offering specialized courses. The
adoption of blockchain in education is still evolving, and more institutions are likely
to explore its potential in the future:

MIT Media Lab (Massachusetts Institute of Technology): The MIT Media
Lab has developed a blockchain-based platform called “Blockcerts” for issuing
and verifying digital credentials. This platform allows students to store and share
their academic achievements securely using blockchain technology.

Stanford University: Stanford has conducted research on using blockchain to
secure and streamline academic transcripts. The university explored how block-
chain can enhance data security and reduce administrative burdens related to
transcript management.

University of Sydney: The University of Sydney has explored blockchain tech-
nology to create a platform for students to store and share their academic creden-
tials securely. This initiative aims to simplify the verification process for both
students and employers.

King Abdullah University of Science and Technology (KAUST): KAUST in
Saudi Arabia has partnered with IBM to explore the use of blockchain technol-
ogy in various educational and research contexts.

Mohammed First University: Researchers in Moroccan universities are cur-
rently working on utilizing blockchain technology in electronic voting.

3 Verifiable Digital Credentials

3.1 The Need for Secure and Verifiable Digital Credentials

in Education

In the digital era, the traditional methods of issuing and verifying educational cre-
dentials are facing challenges in terms of security, portability, and efficiency. As a
result, there is a growing need for secure and verifiable digital credentials in the
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field of education. Some of the reasons why secure and verifiable digital credentials
are crucial in education and provide supporting references are mitigating credential
fraud. Credential fraud, including the fabrication or alteration of academic achieve-
ments, is a significant concern in the education sector. Traditional paper-based cre-
dentials are susceptible to forgery and tampering, making it difficult to trust the
authenticity of qualifications. Verifiable digital credentials, on the other hand, utilize
cryptographic techniques to ensure the integrity and immutability of the credential
data [14]. By implementing secure digital credentialing systems, educational insti-
tutions can mitigate the risk of credential fraud and enhance trust in the qualifica-
tions of their students.

The second reason is enabling lifelong learning. In today’s rapidly evolving job
market, lifelong learning has become essential for individuals to adapt and upskill.
However, the recognition of informal and non-traditional learning experiences
poses a challenge. Verifiable digital credentials can address this challenge by pro-
viding a mechanism to capture and represent various forms of learning, including
online courses, workshops, and work-based learning [3]. These digital credentials
can be easily updated, stacked, and shared, enabling individuals to showcase their
continuous learning journey.

3.2 Exploring the Use of Blockchain for Storing
and Authenticating Credentials

Blockchain technology has garnered significant attention in recent years, not only
for its association with cryptocurrencies but also for its potential to revolutionize
various industries. One area where blockchain shows great promise is in the storage
and authentication of credentials. We use blockchain for the purposes on Fig. 1.2
and highlight its benefits and challenges.

Blockehain's cryptographic

Blockehain provides decentralized E|0_thh?ln enablgs an |rnrnutal?le tg;hm_ques enable Enf.'lan_EEd
. audit trail, recording all credential- verification and authentication of
and tamper-resistant storage for L . . ot
. N related activities as transparent and credentials through unique digital
credentials, securing them through 16 O . ; -

N . " verifiable blocks, facilitating tracking signatures, eliminating manual
cryptographic techniques (Ali, R., e R o .
Khan, W. A., & Bashir, A. K., n.d.) and verification (Middleton, H., & verification processes and ensuring

' ' e Urquhart, L., n.d.). tamper-proof authenticity (All, R.,

Khan, W. A, & Bashir, A. K, n.d.).

Fig. 1.2 The use of BCT in storage and authentication of credentials
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4 Security and Privacy of Student Data

4.1 Current Challenges in Protecting Student Data

In the digital age, educational institutions and organizations are increasingly relying
on technology to manage and store student data. This shift has raised concerns about
the security and privacy of student information. Safeguarding student data is of
paramount importance to protect sensitive personal information and ensure trust
within educational systems. Blockchain technology has emerged as a potential solu-
tion to enhance the security and privacy of student data. Fig. 1.3 explores the key
considerations and benefits associated with using blockchain in the context of stu-
dent data security and privacy.

4.2 Leveraging Blockchain for Secure and Private
Data Storage

Blockchain technology has gained significant attention due to its potential for secure
and transparent data management across various industries. One area where block-
chain shows promise is in secure and private data storage. By utilizing its decentral-
ized nature, immutability, and cryptographic algorithms, blockchain can provide
robust solutions for protecting sensitive data from unauthorized access, tampering,
and breaches. In this section, we will explore the key features of blockchain that
make it suitable for secure and private data storage, as well as discuss some notable
references in this field.

Decentralization and Data Redundancy: Blockchain’s decentralized architecture
eliminates the need for a central authority, such as a server or database, to store and
manage data. Instead, data is distributed across a network of nodes, ensuring

AR

P~

Data Integrity and Data Transparency and Auditability

Data Security Control and Ownership of Student

Records

Blockchain’s immutability
guarantees data integrity in
education by creating tamper-
proof(Mueller, A., 2018) and time-
stamped records, making student
data resistant to unauthorized
modifications or deletions.

Fig. 1.3 Benefit of BCT for student data privacy

secures student data through

encryption and a decentralized
architecture, mitigating the risk of

unauthorized access and data
breaches (Sack, C. and Davis, J.,
2020), providing enhanced data
security compared to centralized

databases.

Data

Blockchain empowers students by
giving them ownership and control
over their data through
decentralized identity managment
systems(Hoffer et al., 2009),
enhancing data privacy and
mitigating the risks of misuse and
unauthorized access.

Blockchain’s transparency and
auditable nature build trust in
educational systems by allowing
stakeholders to verify and audit
student data(OECD, 2019),
combating fraudulent credentials
and ensuring the authenticity of
student achievements.
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redundancy and fault tolerance. This decentralized approach reduces the risk of a
single point of failure, making it challenging for hackers to compromise the data.
Additionally, storing multiple copies of data across the network enhances data avail-
ability and integrity.

Immutability and Data Integrity: Blockchain achieves data immutability through
the use of cryptographic hashing algorithms [16] and consensus mechanisms. Each
data block is cryptographically linked to the previous block, forming a chain of
blocks. Once a block is added to the chain, it becomes computationally infeasible to
alter or delete its contents without invalidating the entire chain. This feature ensures
data integrity, as any unauthorized modification attempts can be easily detected.

Encryption and Access Control: Blockchain technology can leverage advanced
encryption techniques [7] to protect the confidentiality of stored data. By encrypting
data before storing it on the blockchain, sensitive information remains secure even
if the blockchain’s content is publicly accessible. Additionally, access control mech-
anisms, such as public-private key pairs, can be implemented to grant authorized
parties the ability to decrypt and access specific data.

Smart Contracts and Data Management: Smart contracts are self-executing
agreements with predefined rules and conditions stored on the blockchain. They
provide an additional layer of security and automation for data storage and access.
Smart contracts can enforce access controls, verify data integrity, and execute pre-
defined actions based on specified conditions. By leveraging smart contracts,
blockchain-based data storage systems can ensure secure and reliable data manage-
ment [19, 23].

5 Challenges and Limitations

5.1 Technical Barriers in Implementing Blockchain
in Education

While blockchain technology holds significant potential for transforming the educa-
tion sector, there are several technical barriers that need to be addressed for success-
ful implementation. These challenges can impact the scalability, interoperability,
and integration of blockchain solutions within existing educational systems.

One of the primary technical barriers is scalability. As blockchain networks grow
in size and complexity, the computational and storage [10] requirements increase
significantly. Public blockchains, such as Bitcoin and Ethereum, face scalability
challenges in terms of transaction throughput and latency. This can pose a hindrance
when it comes to processing a large volume of educational data, such as student
records, certifications, and assessments. Several scalability solutions, including
sharding and off-chain transactions, are being explored to address this challenge
and improve the performance of blockchain networks.
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Interoperability [20] is another technical hurdle in implementing blockchain in
education. Educational institutions typically use a wide range of systems and plat-
forms to manage student data, learning management systems, and other educational
resources. Achieving seamless integration between blockchain and these existing
systems is crucial to enable effective data exchange and interoperability. Efforts are
underway to develop standardized protocols, such as the InterPlanetary File System
(IPFS) and the W3C Verifiable Credentials, to facilitate interoperability between
different blockchain networks and educational platforms.

Security and privacy considerations also present technical challenges. While
blockchain technology itself provides strong security through cryptography and
immutability, securing the underlying infrastructure, such as storage, communica-
tion channels, and user identities [13], is critical. Protecting sensitive student data,
such as personally identifiable information (PII), from unauthorized access or data
breaches requires robust security measures. Additionally, ensuring data privacy
while leveraging the transparency and traceability of blockchain technology requires
careful design and implementation.

Furthermore, user experience and accessibility are important aspects to consider.
The usability of blockchain applications and interfaces should be intuitive and user-
friendly, ensuring that educators, students, and administrators can easily interact
with the blockchain system. The technical complexity [12] associated with block-
chain technology should be abstracted to provide a seamless user experience,
enabling widespread adoption within educational settings.

Addressing these technical barriers requires collaboration between educational
institutions, technology providers, and blockchain experts. Research and develop-
ment efforts are underway to create scalable blockchain solutions, enhance interop-
erability, strengthen security measures, and improve user experience in educational
blockchain applications.

5.2 Regulatory Considerations and Compliance Issues

Implementing blockchain technology in the education sector requires careful atten-
tion to regulatory considerations and compliance issues. As blockchain solutions
involve the storage and management of sensitive student data, educational institu-
tions must navigate legal and regulatory frameworks to ensure compliance with
relevant laws and regulations.

One significant regulatory consideration is data protection and privacy. Many
jurisdictions have stringent data protection laws, such as the European Union’s
General Data Protection Regulation (GDPR) and the California Consumer Privacy
Act (CCPA). These regulations impose strict requirements for the collection, stor-
age, and processing of personal data, including student information. Educational
institutions [5] adopting blockchain must ensure that their blockchain implementa-
tions adhere to these regulations, providing appropriate consent mechanisms, data
minimization, and secure data handling practices.
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In addition to data privacy, compliance with academic standards and accredita-
tion requirements is essential. Educational institutions must ensure that blockchain-
based systems for storing and verifying credentials meet the standards set by
relevant accrediting bodies. This involves establishing trust in the blockchain sys-
tem and ensuring the accuracy and integrity of the stored credentials. Collaborating
with accrediting bodies and regulatory agencies can help ensure that blockchain
implementations in education comply with the necessary standards and regula-
tions [6].

Furthermore, intellectual property rights and copyright considerations should not
be overlooked. Blockchain technology [11] enables the transparent sharing and dis-
tribution of educational content, raising questions about ownership and licensing
rights. Educational institutions [15] must navigate copyright laws and establish
clear guidelines regarding the use and distribution of educational materials on the
blockchain. Collaborations with content creators, licensing agencies, and legal
experts can help address these regulatory challenges effectively.

It is important to recognize that regulatory frameworks surrounding blockchain
technology in education are still evolving. As such, educational institutions should
actively monitor updates and engage in discussions with policymakers and regula-
tory authorities to shape the regulatory landscape and ensure compliance with
emerging requirements.

5.3 Scalability Challenges and Potential Solutions

Scalability is a significant challenge when implementing blockchain technology, as
it involves handling a large volume of transactions and data within a network. This
challenge becomes particularly crucial in sectors like education, where the storage
and processing of extensive student records, certificates, and assessments are
involved. Addressing scalability concerns is crucial to ensure that blockchain-based
educational systems can handle increased transactional demands and accommodate
growing user bases [1].

One of the primary scalability challenges in blockchain technology is transaction
throughput. Public blockchains, such as Bitcoin and Ethereum, have limitations in
terms of the number of transactions they can process per second. For instance,
Bitcoin can handle around 7 transactions per second, while Ethereum’s throughput
[9] is higher but still limited. This limitation can result in delays and increased trans-
action fees, impeding the seamless flow of data and transactions within an educa-
tional blockchain ecosystem.

To overcome these challenges, several potential solutions are being explored.
One approach is the implementation of off-chain transactions or layer-2 scaling
solutions. These solutions involve conducting certain transactions or computations
off the main blockchain, reducing the load on the main network. Off-chain transac-
tions can be settled periodically on the main blockchain, maintaining the security
and immutability of the underlying data.
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Another solution is the concept of sharding, which involves dividing the block-
chain network into smaller, interconnected sub-networks known as shards. Sharding
allows for parallel processing of transactions and data across multiple shards, sig-
nificantly increasing the overall capacity and transaction throughput of the block-
chain network. By distributing the workload across shards, scalability can be
improved while maintaining the security and decentralization aspects of the
blockchain.

Additionally, advancements in consensus algorithms offer potential scalability
improvements. Traditional proof-of-work algorithms, while secure, are computa-
tionally intensive and limit scalability. Alternative consensus mechanisms [18] like
proof-of-stake, proof-of-authority, or delegated proof-of-stake can provide higher
transaction throughput and lower energy consumption, enabling greater scalability
for blockchain networks.

Furthermore, advancements in infrastructure, such as high-performance hard-
ware and optimized software, can contribute to improved scalability. Increasing net-
work bandwidth, storage capabilities, and computational power can help handle
larger volumes of data and transactions within a blockchain system.

It is important to note that scalability solutions for blockchain technology are
still evolving, and their effectiveness and applicability may vary depending on the
specific use case and requirements of educational blockchain implementations.
Ongoing research and development efforts continue to explore innovative approaches
to address scalability challenges in blockchain technology.

6 Future Research and Experimentation

6.1 Importance of Continued Research and Experimentation

Continued research and experimentation play a vital role in unlocking the full
potential of blockchain technology in the education sector. As blockchain is a rela-
tively new and evolving technology, there are still many aspects to explore, refine,
and optimize. Investing in research and experimentation allows educational institu-
tions to stay at the forefront of innovation and harness the transformative power of
blockchain in education.

One key importance of continued research is to address technical challenges and
limitations associated with blockchain implementation. Researchers can focus on
scalability, interoperability, security, and privacy issues to develop solutions that
overcome these hurdles. Through experimentation, researchers can test new consen-
sus algorithms, explore novel approaches to data storage and management, and pro-
pose frameworks for secure and efficient integration of blockchain with existing
educational systems.

Moreover, research efforts can help identify and understand the potential benefits
and impacts of blockchain technology in education. Studies can evaluate the
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effectiveness of blockchain-based solutions in improving processes such as creden-
tial verification, lifelong learning tracking, and decentralized educational content
sharing. By examining real-world use cases and conducting empirical studies,
researchers can provide insights into the value proposition of blockchain and guide
its adoption in education.

Continued research also facilitates collaboration among academia, industry, and
policymakers. By fostering interdisciplinary dialogue, researchers can contribute to
the development of regulatory frameworks, standards, and best practices for block-
chain implementation in education. This collaboration ensures that blockchain solu-
tions align with legal and ethical considerations while addressing the specific needs
and challenges of educational institutions.

Furthermore, research and experimentation can drive innovation in the design
and implementation of user-friendly blockchain interfaces and educational applica-
tions. By focusing on user experience, researchers can make blockchain technology
more accessible and intuitive for educators, students, and administrators. This
includes simplifying complex concepts, improving the usability of blockchain inter-
faces, and designing intuitive educational platforms that leverage blockchain’s
benefits.

In summary, continued research and experimentation are essential for advancing
the adoption and effectiveness of blockchain technology in education. It enables the
development of scalable, secure, and user-friendly solutions; informs policy and
standards; and explores the full potential of blockchain in transforming educational
systems.

6.2 Exploring and Refining the Potential of Blockchain
Technology in Education

Blockchain technology has gained significant attention in various industries due to
its potential to enhance transparency, security, and efficiency. In recent years, the
education sector has also recognized the value of blockchain in revolutionizing tra-
ditional processes and transforming the way educational credentials are managed
and verified. This section explores the potential applications of blockchain technol-
ogy in education and highlights the need for further refinement and exploration.

One of the key areas where blockchain (L. Uden, M. Sinclair, Y.-H. Tao,
D. Liberona, & R. M. A. Pinto (Eds.) Anderson, S., 2016) can make a significant
impact is in the verification and authentication of educational certificates and cre-
dentials. With the current system heavily reliant on paper-based records and manual
verification processes, the potential for fraud and misrepresentation is high.
Blockchain technology can offer a decentralized and immutable ledger, ensuring
the authenticity of educational records. Employers and academic institutions can
easily verify the credentials of applicants, saving time and resources.

Moreover, blockchain-based systems can facilitate the secure transfer and stor-
age of academic records, enabling students to have complete ownership and control
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over their educational data. This empowers learners to share their achievements
with potential employers, institutions, or other stakeholders, eliminating the need
for intermediaries and enhancing data privacy.

Furthermore, blockchain-based microcredentialing systems have the potential to
revolutionize lifelong learning and skills development. These systems can provide
learners with the ability to earn and store digital badges or tokens for completing
specific courses or acquiring specific skills. These digital credentials can be easily
verified and shared, enabling employers and educational institutions to assess an
individual’s competency and skill set accurately [8].

Despite the promising potential of blockchain in education, further exploration
and refinement are necessary to address challenges and ensure successful imple-
mentation. Issues such as scalability, interoperability, and standardization need to
be carefully considered. Scalability challenges arise due to the decentralized nature
of blockchain networks, as they require significant computational power and stor-
age capacity. Innovative solutions such as off-chain scaling techniques and layer-
two protocols can help overcome these challenges.

Moreover, regulatory considerations and compliance issues play a crucial role in
the adoption of blockchain technology in education. Compliance with data protec-
tion and privacy laws, as well as addressing concerns related to data ownership and
control, is essential. Collaboration between educational institutions, policymakers,
and blockchain technology providers is necessary to establish a robust regulatory
framework that ensures data security and privacy while promoting innovation.

7 Conclusion

This chapter has highlighted the key points and findings regarding the potential of
blockchain technology in education. It has emphasized the benefits of blockchain in
verifying credentials, enabling secure record-keeping, and revolutionizing micro-
credentialing. However, challenges such as scalability need to be addressed for suc-
cessful implementation. Overall, blockchain has the potential to transform education
by enhancing transparency, security, and learner empowerment.

In summary, the implementation of blockchain in education presents various
implications and challenges. While it holds promise for verifying credentials, ensur-
ing data security, and enabling lifelong learning, scalability and regulatory consid-
erations need to be carefully addressed. Overcoming these challenges will be crucial
to fully harnessing the potential benefits of blockchain technology in education.

In final thoughts, blockchain technology has the transformative potential to revo-
lutionize education. Its ability to enhance transparency, security, and ownership of
educational records can empower learners and streamline processes. However, suc-
cessful implementation requires addressing scalability challenges, regulatory con-
siderations, and fostering collaboration among stakeholders. With careful refinement
and exploration, blockchain has the capacity to reshape education, making it more
accessible, efficient, and learner-centric.
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Chapter 2

Utilization of Blockchain Technology

in Artificial Intelligence—-Based Healthcare
Security

Pranay Shah, Sushruta Mishra, and Angelia Melani Adrian

1 Introduction

The healthcare industry is in dire need of reform, from infectious diseases to cancer
to radiography. There are various ways to use technology to deliver more precise,
trustworthy, and efficient solutions. Artificial intelligence is the technology used to
carry out works that would typically need human insights. Machine learning is a
branch of Al that enables us to improve the Al algorithm by utilizing large amounts
of data collected dynamically. Al is capable of comprehending and interpreting lan-
guage, analyzing audio, recognizing things, and finding patterns to perform various
kinds of tasks. This chapter demonstrates different perspectives of artificial intelli-
gence in audio, video, and text and the challenges it faces in healthcare. Artificial
intelligence includes natural language processing (NLP), machine learning for
healthcare imaging, and acoustic Al. Natural language processing assists to enable
computers to grasp texts and languages like that of humans. Once completed, com-
puter systems interpret, sum up, and synthesize precise text and language from the
given data. The healthcare sector produces a considerable quantity of written infor-
mation, such as clinical reports, lab results, handwritten notes, admission and dis-
charge records, and others, as illustrated in Fig. 2.1. Interpreting and managing such
an enormous volume of data manually would be extremely challenging for health-
care professionals. The three main tasks that can be driven by NLP are opinion
mining, information classification, and extracting significant facts from the text.
NLP assists by analyzing and transforming these expanding data sets into a
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Fig. 2.1 Illustration of machine intelligence in healthcare

computer-manageable format. Additionally, it can support professional judgment;
pinpoint vulnerable patients; and categorize diseases, syndromes, symptoms, and
disorders. Similarly, machine learning for healthcare imaging is done through com-
puter vision. Computer vision focuses on teaching computer systems to imitate
human sight and analyze and interpret the things around them. Using artificial intel-
ligence algorithms that evaluate images, computer vision does this. Medical records
such as X-ray reports, CT scan, MRI scan, images of ultrasound, and videos play a
vital role in a patient’s diagnosis. Computer vision can improve the monitoring of
patients, diagnose automatically, and generate lab reports automatically through
various techniques such as object identification, categorization, location, and analy-
sis from images or videos. It can encourage the development of a variety of applica-
tions that could save patients’ lives in the fields of dermatology, oncology, cardiology,
radiology, and fundoscopy. Similarly, as shown in the audio part of Fig. 2.1, differ-
ent patterns of sounds of breathing, beating of heart, wheezing, crying, coughing,
and so on, have a significant part in the diagnosis of various respiratory, pulmonary,
and cardiac-related diseases. By examining noises, categorizing them, and evaluat-
ing them along the spectrum of audio, Al helps automate these diagnoses. Modern
machine learning algorithms are available for processing audio signals, useful in the
healthcare sector. For Al models to be more widely used in the healthcare sector,
they must overcome several standards and problems, as shown in Fig. 2.1. First,
when trained on sufficiently enough datasets, Al models can function precisely.
Hence, one of the main difficulties is finding large, reliable, and trustworthy datas-
ets for training. Second, it might be feasible if we chose to compile information
from several sources and protect data from confidentiality violations and security
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threats. Third, because Al models are inherently opaque, it can be challenging to
spot biased algorithms. In order to address the issue of mistrust in the learned model,
it is necessary to have a record of the prediction or classification that arises from a
particular healthcare input. If the incorrect course of action is taken based on Al
conclusions, human lives are at risk. Fourth, there should be safe resource sharing
to combat the threat posed by rogue devices. Finally, difficulties with information
privacy exist when researchers and clinicians share their knowledge. As a result,
there needs to be a tested plan to get through these obstacles before Al takes over the
healthcare sector.

Learning and exploring through data increases the awareness and efficiency of
Al-based healthcare in terms of accurate diagnosis and treatment planning while
posing issues with anonymity, data governance, and the ability to generate income
from sensitive patient data. So, it is necessary to make certain that the quality of the
final therapy is good and that the patients quickly get the treatment required to man-
age their acute or chronic illnesses. The use of Al and ML can significantly enhance
healthcare. However, the potential for adversarial attacks on natural language pro-
cessing, Al healthcare imaging, and acoustic Al poses a constraint on their wide-
spread use. In highly sensitive application domains like healthcare, these assaults
cannot be tolerated. Considering the threats in these fields, blockchain can defend
against these adversarial assaults. The intersection of blockchain technology and
healthcare based on AT has the capability to completely change security and privacy.
This review shows the possible use of Al-based blockchain integration in the sector
of healthcare. In order to strengthen Al-based healthcare systems, this research
relates the security measures using blockchain for the adversarial threats in NLP,
healthcare imaging using ML (computer vision), and acoustic Al

The main contributions of this chapter are as follows:

* A brief introduction to existing Al technologies in healthcare is discussed and the
role of blockchain in clinical security is highlighted.

* A succinct overview of the existing advanced security based technologies used
in the healthcare system is discussed.

* Various security threats, and adversarial attacks on Al technologies that are used
in healthcare (NLP, medical imaging using machine learning, acoustic Al) are
presented along with modern blockchain solutions.

2 Outline of Advanced Technologies Used in Healthcare

Advanced technologies have been integrated into the healthcare system nowadays
to assist with patient monitoring, diagnosis, treatment, research, decision-making,
hospital management, and so on. Some of these are the Internet of Things, block-
chain, cloud computing, and artificial intelligence. They also provide automation,
intelligence, security, and a low-cost computational ecology, which forms the base
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and enhances the functionality of the established healthcare system. The key
enabling technologies and their main attributes used are shown in Fig. 2.2. Also,
Table 2.1 displays a comparison of the numerous services provided by contempo-
rary technologies including blockchain, IoT, Al, and cloud computing.
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Fig. 2.2 Technologies used in advanced healthcare systems and their features

Table 2.1 Comparison of different services provided by advanced technologies

Modern
technologies Advantages Challenges
Blockchain Security, immutable, Requires more bandwidth, relatively
decentralized, expensive and complex than existing
Trustable, transparent databases
Artificial Compatible with different Complex and difficult to design, expensive
intelligence platforms. and difficult for deployment
Versatile, reliable, efficient
Cloud Efficiency, more capacity, ease | Difficult to manage, security threats, privacy
computing of data storage, flexible concerns, high cost of communication
Internet of Low latency, portable, Poor computation, privacy concerns, traffic
things availability, efficient algorithm
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3 Blockchain-Enabled Technology in Healthcare

Blockchain technology was initially created to provide support for the use of cryp-
tocurrency. However, recently it has been applied to different fields, achieving
exceptional security [1]. At present, the healthcare industry has begun to integrate
blockchain into several aspects of its operations. Its attributes, such as decentralized
exchanges, micro-transactions, smart contracts, and consensus mechanisms, can
help safeguard the confidentiality of patient data, which is an important asset of the
healthcare sector.

A blockchain is a type of immutable ledger that is distributed and replicates
transactions across its network, incorporating cryptographic links in chronological
order between information. It consists of consensus protocol and smart contracts to
ensure security. It can overcome the obstacles experienced by Al by establishing
trust among users, organizing data, and facilitating resource sharing in Al-based
healthcare. Peer-to-peer networks and decentralized ledger is a feature of block-
chain technology. Transactional records are securely maintained by a distributed
ledger. By logging local gradients on the blockchain, this functionality supports the
safe learning of heterogeneous data. Similarly, the execution of transactions in a
distributed network without the involvement of a third party or centralized authority
is done automatically by a smart contract. It is a piece of executable code that is
present on every node and that is triggered when a transaction is initiated. The trans-
action is validated via smart contracts. Smart contracts enable the imposition of
access control regulations for data access. Smart contracts enable user provenance.
In the case of transactional data, a block is produced. A consensus algorithm is used
by miners to commit the block to the blockchain. Algorithms of consensus mine the
block. It forces miners to work through challenging cryptographic riddles and pub-
lish their solutions with other miners. The opportunity to mine a block of the trans-
actions and adding it to the available chain and duplicating the created chain in all
the connected nodes is given to the miner who solves the challenge first. Consensus
algorithms may be the effective method for group decisions on diagnosis and treat-
ment in Al-based healthcare systems. Blocks are immutable and auditable since
they are cryptographically connected to one another. When the transaction is copied
and duplicated across all network nodes, the highest level of availability and trans-
parency is achieved. Medical data can be verified via cryptographic linking, which
can also provide a tamper-proof duplicate of it. Anyone can join the network and
take part in transactions while using a public blockchain. Private blockchain, on the
other hand, places restrictions on access without sufficient authentication and veri-
fication. Public and private blockchain characteristics are combined in consortium
blockchain. The working of the blockchain is shown in Fig. 2.3.

Figure 2.4 shows some of the applications of blockchain in healthcare. Securing
patient’s medical data and effectively managing various product supply chains,
including those for medical equipment, organs, medicines, drugs components, OXy-
gen cylinders inclusive of all other pharmaceuticals, are two essential criteria of the
healthcare business.
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Blockchain is a leading-edge technology that has the potential to revolutionize
the healthcare system by providing security, dependability, confidentiality, and
compatibility [2]. It features an unalterable and distributed ledger in which patients’
medical data can be stored securely and prevented from tampering. It is safeguarded
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by cryptographic elements like hashing, digital signatures, and asymmetric keys
ensuring that the data cannot be tampered with [3]. Since the ledger is decentralized,
any slight alteration to a data transaction will be detected by all blockchain mem-
bers, resulting in greater transparency across the entire system. Using blockchain
technology enables safe medical data transmission, prevents breaches, and effective
management of medical resources as the healthcare sector is constantly at risk of
being attacked. A healthcare system that uses blockchain technology was presented
by the authors of [4] to protect the confidentiality of user data. They also utilized
various mechanisms to safeguard users’ confidential information, developed smart
contracts in order to authenticate transactions of data, and provide control access
and decision-making in an open network. A safe and dependable blockchain-
adapted strategy to prevent security violations of electronic medical record systems
was put forth by Ray et al. in [5]. To enable secure data sharing over the IoT net-
work, they deployed private blockchain and swarm intelligence techniques.
Moreover, Subramanian et al. [6] examined the use of blockchain and Al technol-
ogy in the treatment of diabetes disorders, particularly during the COVID-19 pan-
demic. Similarly, medical facilities, testing facilities, academic institutions, and
patients may share useful information and collaborate to enhance the AI model.
Nevertheless, due to privacy and security issues, they have trouble sharing crucial
data with outside parties. Hence, a barrier to raising the caliber of Al-based health-
care systems is secure data sharing. In order to improve the prediction of lung can-
cer using CT scan pictures, Kumar et al. [7] suggested a method that involves
exchanging regional models through the network of blockchain. Hence, the updated
model assists in precisely diagnosing the ailment of the patients, leading to enhanced
therapy. By preventing actual data sharing, privacy is maintained. Organizations
will exchange local gradients via smart contracts and transfer their data to the IPFS
(Interplanetary File System). The global model is trained using a consensus
approach called Delegated Proof-of-Stake. A smart contract establishes trust in the
data, and the blockchain is updated with the local gradient’s hash. To expedite bio-
medical research, Mamoshina et al. [8] have offered Al and blockchain technolo-
gies. It also provides patient incentives to get regular examinations and benefits
from new technology for managing and making money through their personal infor-
mation. Patients can sell their medical records using tokens on the permissioned
blockchain platform called Exonum, which has been proposed by the group.
Nevertheless, once data has been sold to authorities, this framework has no control
over it. An intrusion detection system has been proposed by Nguyen et al. [9] to
safeguard data transfer in the healthcare industry’s cyber-physical system. Patients
frequently lack control over who has access to their medical data. A safe, immuta-
ble, and decentralized gradient mining is used in place of the insecure central gradi-
ent aggregator on the blockchain. Smart contracts are used to control the edge
computing, management of trust, authentication, and distribution of trained models,
as well as the identification of nodes and the datasets or models used by them. This
method offers total encryption for both a trained model and a dataset. A decentral-
ized Al-powered healthcare system has been built by Puri et al. [10] that can access
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and verify IoT devices along with fostering trust and transparency in the health
records of patients. This method uses the creation of a public blockchain network
and Al-enabled smart contracts. The framework also finds IoT nodes in the network
that might be harmful. BITS is a special intelligent TS system built on blockchain
that is offered by Gupta et al. [11]. They offer extensive insights into the blockchain-
and cloud-based smart T’s frameworks, highlighting the difficulties with data man-
agement, security, dependability, and secrecy.

To maintain the security and privacy of the IoMT, Polap et al. [12] have provided
distributed learning. It utilizes decentralized learning along with blockchain secu-
rity enabling the creation of intelligent systems that preserves confidentiality by
keeping the data locally stored. The model poisoning attacks can be lessened by
using this approach. Kumar et al. [13] described a method to detect people infected
with COVID-19 through CT images by developing a model jointly using blockchain
technology and federated learning to maintain secrecy. To solve these challenges,
Chained Distributed Machine Learning (C-DistriM), which is a unique decentral-
ized learning that also uses blockchain-based architecture, has been predicted by
Zerka et al. [14] to be made for imaging in the medical field. Blockchain preserves
model integrity and records the unchangeable history of computation. The Explorer
Chain framework, which was proposed by Kuo et al. [15], aims to build a model that
can predict throughout the distributed architecture. The framework employs
machine learning and blockchain technology that does not require patient data shar-
ing or a central coordinating node, making it decentralized and without a central
authority. Similarly, in order to establish the transmission of data, transfer of the
model, and its testing in three places in China and Singapore, Schmetterer et al. [16]
implemented a blockchain-enabled Al technology. A wireless capsule endoscopy
approach for identifying stomach infections was investigated by Khan et al. [17]. A
complex artificial neural network model is secured using a blockchain-based method
to enable accurate diagnosis of gastrointestinal conditions like tumors and bleeding.
Each part includes a separate block that stores specific data to fend off attempts that
would temper or modify it. Natural language processing (NLP) technology, in par-
ticular, has proven an efficient tool to categorize the emotion, and feelings of texts,
present in social media such as posts, according to Pilozzi et al. [18]. These methods
could be applied to learn more about how people see Alzheimer’s disease. Patients
will have more control over their data if decentralized, secure data transit and stor-
age techniques like blockchain are used. Most of the anxieties associated with mis-
takenly revealing personal information to an organization that might treat the patient
unfairly will be eliminated. The work that has been done in blockchain for Al-based
healthcare is shown in Fig. 2.5. It shows the kind of blockchain that is used for the
various data modalities. Blockchain is categorized into three types: consortium, pri-
vate, and public blockchain. The most used public blockchain is Ethereum and the
private is Hyperledger.
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4 Role of Artificial Intelligence in Smart Healthcare Systems

The healthcare sector demands advanced and anticipatory solutions that offer
boundless prospects for accurate and beneficial patient treatment and management
operations [19]. IoT technologies generate a vague volume of data and transfer it to
and from different parts of the health industry. The health industry needs to imple-
ment Al technologies for the effective management of data and its improvisation.
The employment of different Al devices in the health sector has many benefits over
the current system, which relies on time-consuming data analysis and decision-
making methods. In order to offer insightful information about diagnosis, clinical
decision support, and treatment, it interacts with medical data.

For instance, in [20], scientists looked at the osteoporosis condition, which is
typically identified by conventional X-rays and MRI scans. An Al-featured selec-
tion technique was used by the authors to facilitate the diagnosis of osteoporosis
patients through the data obtained by ultrasound. As a result, they were able to clas-
sify osteoporosis patients’ fracture risk with 71% accuracy. Wazid et al. [21] dis-
cussed the key features of Al technologies in the healthcare industry. They employed
Al algorithms to effectively forecast the likelihood of myocardial infarction and the
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possibility of developing tumors while also uncovering insightful patterns in the
medical data. In [22], Parra et al. investigated how Al algorithms could be used for
sustainable development. Here, they looked at the people who required an Al-based
question-recommendation system for various scenarios. The main goal of their
study was to support the suggestion for Al-based questions in the health industry,
having the potential to be used in a vast number of applications beyond security
screening and financial services. Similarly, Tedeschini et al. [23] used federated
learning, a decentralized technique, to create a distributed networking architecture
for segmenting brain tumors based on message queuing telemetry transport
(MQTT). Their findings demonstrate that the suggested framework performs more
accurately and quickly during routine healthcare system activities.

A data processing method called machine learning automatizes the creation of
models capable of analysis. It focuses on enabling computers to study data, find
patterns, and make human-like choices without actual human input. In order to
complete these tasks, validated data had to be obtained. After the classifiers were
successfully trained, the model had to be deployed. Retraining and feedback loops
may be used to continue improving performance. Any attempt to uncover, alter, dis-
able, harm, capture, or collect information by taking advantage of system weak-
nesses constitutes a threat to the device. The fundamental security requirement for
any system is to maintain the privacy of sensitive data or processes. In order to keep
the trained model from malfunctioning, three vitals must also be safeguarded.

The section that comes after Fig. 2.6 focuses on the Al attack surface. Any adver-
sary can attack an Al-based system by targeting data, classifiers/algorithms, and
learning models.

Attack
A4 A4
Classifier/
Data . Model
Algorithm
Adversarial ) Physical rojan/Backdoor Timing Side
Spoofing
Attack Attack Attack Channel Attack

Fig. 2.6 Attack surface of artificial intelligence
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4.1 Data

Data is the raw statistics and facts used by a machine. It is a critical component of
artificial intelligence. Data is required to train current models and development of
all current technologies. It costs a lot of money just to get as much precise data as
you can. The attack’s data-targeting strategy has a significant impact on Al-based
systems. By taking advantage of the extraordinary sensitivity of Al to detect slight
differences in the input, known as a poisoning attack, data can be violated either
during the learning phase or during the filed-test. These assaults may be promoted
via spoofing [24]. It is a type of cyberattack when a malicious party uses a computer,
device, or network to pretend to be someone else in order to trick other computer
networks. Malicious opponents typically cannot access the training phase of the
model. In order to trick a classifier or avoid being detected by a neural network dur-
ing testing, they produce hostile input. These attacks can be of the physical or digital
variety. For this study, we are concentrating on cyberattacks of various kinds. A
digital technique immediately introduces small input perturbations. In this case, the
attacker can take advantage of the system that has been targeted without the detec-
tion system noticing. Concept drift might also result from evasion attacks [25].
Prospective attackers may potentially acquire access to the training datasets and
conduct poisoning attacks, which contaminate the datasets with adversarial sam-
ples. As will be covered in more detail in subsequent parts, adversarial attacks can
cause potential damage to the system.

4.2 Classifier/Algorithm

Classifiers/Algorithms are usually affected by a Back-access Attack. A Trojan
assault undermines the authentic model by incorporating a secret entrance to the
neural network, which is triggered by a specific pattern in the testing data. This will
alter the network using a compromised dataset [26]. Trojan assaults vary from
adversarial attacks even though both only occur during the training phase. An
adversarial attack merely influences the outcome in this scenario rather than forc-
ing the neural network to change itself. But, a trojan assault, causes the network to
change itself because of the poisoned input samples so that it can accurately func-
tion for benign input samples. As a result, the network will only malfunction when
a trojan causes it to. A user may have trouble recognizing the trojan assault [27]. A
trojan attack may result from a SPA (Stealthy Poisoning Attack), which is depen-
dent on a Generalized Adversary Network (GAN) [28]. Another illustration of a
neural trojan assault is Badnet [29]. The situation of a trojan assault is shown in
Fig. 2.7.
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Fig. 2.7 A sample example of a trojan attack

4.3 Model

The model is affected by timing side-channel attack. Neural networks are suscep-
tible to attacks like timing side channels because of their peculiar qualities of hav-
ing varied execution times depending on the depth of the network. An opponent
can determine the layers of the neural network, by observing how long the model
takes to generate output. This adversary makes use of a regressor that was trained
using various network layer counts and execution timings. The information is then
used to create replica models that have features in common with the original net-
work [30]. The essential elements are retained due to memory access patterns.
Reverse engineering of the CNN model’s structure and weights can be used to leak
information through memory and timing side-channel attacks. The crucial charac-
teristics of a neural network [31], such as the overall layers, the size of each layer,
and the interdependencies among them, are exploded by the memory access
patterns.
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S Machine Intelligence Technologies in Healthcare

5.1 Text-Based AI Technology

The text-based Al technology widely used is natural language processing. It is a
machine learning model, which aims to enable computers to understand, process,
and generate human-like text and language. The goal of NLP is to build systems and
algorithms that can perform a variety of tasks involving human languages, such as
text classification, machine translation, sentiment analysis, recognition of speech,
and natural language generation.

5.1.1 Applications in Healthcare

Clinical Decision Support Systems (CDDS) receive a variety of inputs, including
incomplete structured data like XML files, structured data like HER, and unstruc-
tured data like diagnostic summaries and progress records. To aid clinical decisions,
various systems have been introduced that utilize NLP techniques that take input
from unstructured data, specifically for the purpose of calculating and automating
diagnoses or treatments. With the help of NLP, CDSS can create results and recom-
mendations that help healthcare practitioners make the best decisions possible by
automatically extracting key information from free text [32, 33]. NLP makes it easy
to extract important clinical information from unstructured data in medical records,
such as physician notes, discharge summaries, and diagnostic reports. This can help
with coding, billing, and clinical decision-making. A sentiment score system has
been used to assess sentiment statements of admission and discharge in a hospital
[34]. Unstructured reports are also used for radiology. NLP enables the recognition
of key aspects in those reports, their extraction, and conversion into usable com-
puter formats [35]. The analysis of vast amounts of free-text medical reports using
NLP contains the potential to contribute to the development of procedure-intensive
fields such as Hepatology. Also, NLP can be used to develop chatbots and virtual
assistants that can answer patient questions and provide basic medical advice. This
can help patients access healthcare information quickly and easily [36]. In a recent
study, NLP was used to categorize diseases and conditions which were challenging
to identify through simple clinical procedures. Using NLP-based solutions for
information retrieval (IR) reduces the time and effort required, ultimately promot-
ing the therapy [37, 38].

5.1.2 Adversarial and Defense Attack

An alteration in the text’s semantics, grammar, or visual similarity that deceives
NLP is known as adversarial text. The techniques for creating hostile text are shown
in Fig. 2.8. To impact the model’s prediction, text-based adversarial examples can
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be created by making slight changes to the text, mimicking real typing errors made
by humans. These modifications are intended to be minimal yet effective in altering
the model’s output. After the attack, the text appears fairly near to the original. This
method of attack is used in assaults like hot flip [38], textbugger [39], and
DeepWordBug [40]. The process of making hostile writing involves paraphrasing
the source material. The semantic equivalent of the original text will be produced by
this assault, but the model’s result for the original text and the modified text will be
different.

Figure 2.9 shows how NLP-based healthcare is affected by adversarial attacks.
The NLP can be tricked by simply substituting synonyms for words while keeping
the text’s semantics. The incorrect diagnosis ultimately results in the incorrect treat-
ment, endangering lives.
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5.1.3 Blockchain-Based Solution for NLP-Based Healthcare

As mentioned above, NLP faces different types of adversarial attacks. Contrarily,
those attacks are only somewhat sophisticated; in the case of text data, these attacks
are plainly visible to the naked eye. So, we might draw the conclusion that there is
a moderate chance that such attacks will occur. In order to address attack surfaces
including data, classifiers, and models in NLP, we have framed blockchain solutions.

Data Layer

In NLP, data may be stored locally on the computers of data owners, such as physi-
cians, hospital staff, and laboratories database. A peer-to-peer blockchain network
can be created with dispersed owners to look into the issue of having enough data
for training AI models while also maintaining the secrecy of the data by enabling
owners to transfer their data indirectly with other parties. Off-chain data storage is
supported by this framework. This peer-to-peer network provides direct service
exchange using a suitable authentication method. Without a centralized server,
thousands of devices can be linked together. The P2P blockchain node can take on
the role of a service provider or requester. Rules can be inferred for access control
to allow private data sharing through smart contracts. To verify the integrity of dis-
tributed data, a hash code is generated, which is recorded in the blockchain at every
data center. When data is used for training, the hash will be regenerated and verified
using blockchain technology. Figure 2.10, which follows, provides an illustration of
datasets construction of NLP using blockchain.
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Fig. 2.10 Datasets for NLP-based healthcare using blockchain
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For instance, if the research center requires access to the hospital’s datasets, it
will first submit a smart contract request for data access. Hospitals can reply by stat-
ing their permission to take part in dataset creation and providing any guidelines or
limitations for data sharing and AI model training. A copy of the distributed ledger
is accessible to each participant. In order to do future integrity checks on the data at
each station, a hash code can be created, which can be saved in the blockchain. With
the help of blockchain, a large number of data stations can contribute to the creation
of verified datasets.

Learning Phase

In order to develop an ML algorithm via the available data, distributed learning is
used. Threats to federated learning include a broken node, trusting local gradients,
and aggregating gradients globally. In federated learning, utilizing blockchain helps
address these issues and defend the model from poisoning assaults. A smart contract
can be used to start training so that it can verify the legitimacy of the participant.
Then, through the block, local gradients at federated nodes will be transmitted.
Local gradients will be secured on the blockchain to prevent modification and used
for verification later. Using a consensus algorithm, blockchain network miners will
validate and produce global gradients. This is how blockchain may give the feder-
ated network validity. Each node saves the retrieved features in the distributed led-
ger for later use and embeds them in vector space. The blockchain approach for the
security of the classifier in NLP is shown in Fig. 2.11.

The trained model’s output is influenced by how real the post-training input is.
We could anticipate the NLP model malfunctioning for adversarial text input. We
can attempt to reduce some adversarial assaults by utilizing the blockchain in NLP-
based healthcare. When identifying hostile text, the version of characteristics col-
lected from a dataset of blockchain is utilized for model training. A smart contract
will produce word embedding for the supplied input. It will search the distributed
ledger for a similar corpus of word embedding based on synonyms. The blockchain
network’s miners then receive additional distributions of the resulting extracts.
Miners will use a trained model to compute the outcome for assigned characteristics
rather than using proof of work. After that, the result is distributed in the mine pool,
and if the majority of them agree, then the outcome is consensually added to the
chain. Hence, the model will be protected using this framework from adversarial
assaults on text. Figure 2.12 represents the mentioned framework.

5.2 Machine Learning for Medical Imaging

Machine learning applications such as computer vision have been used in healthcare
for medical imaging. Computer vision is a visual application of Al and computer
science that aims on enabling machines to decipher, understand, and analyze
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perceptible data from the world [41]. It involves developing algorithms and tech-
niques to enable computers to recognize and classify objects, understand scenes,
track motion, and more using images and videos. The techniques involved in com-
puter vision are object detection, image classification, object tracking, and semantic
and instance segmentation.

5.2.1 Applications in Healthcare

The interpretation and analysis of many types of real-world data are aided by intel-
ligent intervention employing a brain-like structure and advanced technologies like
machine learning and computer vision [42]. A scientific application of machine
learning is computer vision, which uses collected sequences of movies and photos
to identify things. Convolutional neural networks (CNNs), a machine learning algo-
rithm created to analyze picture input, prioritizes different elements to identify one
image from another. Similar to the connection pattern of neurons in the brain, CNNs
have a structural design. Computers have long been able to analyze visual imagery
in meaningful ways thanks to computer vision. Object classification, localization,
and detection are the terms used to describe the processes of determining an object’s
kind, location within an image, and both concurrently [43].
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According to the National Cancer Institute’s National Lung Screening Trial
(NLST), low-dose CT, which is used for screening lung cancer, has caused a 20%
reduction in mortality [44]. The use of smart monitoring has increased because of
developments in computer vision. To anticipate generalized anxiety disorder (GAD),
a new system using computer vision and ML is introduced [45]. Computer vision
algorithms in an adult intensive care unit can recognize patient movement actions
like getting the patient in and out of bed or a chair [46]. A substantial possibility
exists for deep convolutional neural networks as a tool for ear-related diagnosis
[47]. A comprehensive image processing system to forecast the viability of human
embryos, researchers coupled computer vision methodologies with machine learn-
ing and different techniques involving neural networks [48]. Using a computer
vision technique, it is also possible to identify hip fractures from pelvic X-rays [49].
Recorded endoscopic pictures will be swiftly and precisely analyzed by the ground-
breaking CNN approach to detect esophageal cancer [50]. Deep learning methods
also enable the detection of intracranial hemorrhage (ICH) [51]. It is possible to
make a diagnosis based on chest CT pictures, leading to a machine learning algo-
rithm in a quick and automated diagnostic technique [52]. In order to decrease the
chances of infection from the doctor to the patient COVID-19, a revolutionary
visual SLAM algorithm may also follow and find robots in real-time environ-
ments [53].
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5.2.2 Adversarial and Defense Attacks

The images in which pixels are purposefully disturbed to confuse and deceive mod-
els while appearing correct to human sight are adversarial images. Adversarial
images trick DNN because it is vulnerable to even the smallest input disturbance.
Figure 2.13 displays the ways adversarial attacks can be done on an image.

Several attack strategies, such as FGSM [54], BIM [55], and R + FGSM [56],
cause the ML model to make wrong predictions and decreases the overall robust-
ness of the model. Figure 2.14 provides an example of an adversarial attack on an
X-ray image.

5.2.3 Blockchain Solutions for Computer Vision—-Based Healthcare
Data Layer

Since adversarial attacks are more likely to target images, we frame solutions that
emphasize preventive actions, as seen in Fig. 2.15. A blockchain-based system will
be used to post images to IPFS. A file-sharing technique called IPFS can be used to
store and transport large data. It uses cryptographic hashes, which can be stored in
the blockchain easily. The generated hashes are utilized to ensure the authenticity of
images. First, different hospitals and diagnostic centers that have the data will
request to upload medical images on IPFS, which will be validated by a smart con-
tract before uploading. Every image will have its unique hash, which will be stored
in the blockchain. Users can approach IPFS with the hash code to access the image
data set when needed. The detection of adversarial images will be easy as hash
codes are extremely sensitive. In this way, the data set is secured at IPFS using
blockchain.

Learning Phase
Computer vision uses dynamic data for visual inputs. The model is trained with

image data sets. As shown in Fig. 2.16, security can be provided through block-
chain. With proper authentication, the training in the research centers should be
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started using smart contracts. After the training, the features that are extracted are
stored in the blockchain for later referral as a feature vector with the formula x = (x1,
x2, x3,..., xn) T, where n is the number of features that are extracted, and T is the
transposition operation. This architecture safeguards the whole computer vision
training area. As a result, the features that the learning process retrieved will be
preserved without tampering.
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The outcome generated should be clear and understandable, and it should pro-
vide reasons or evidence to support the conclusion. The ability to use the model
post-training is limited and controlled using smart contracts. With smart contracts,
access to the trained model is controlled. Only licensed physicians and researchers
have access to the model. To verify the precision of the model run, it will compare
it to the feature vectors recorded in the distributed ledger. Providing limited access
to the data will help to tamper-proof it and also make it available when needed. The
metadata can be stored in the blockchain for further validation and verification.
Fig. 2.17 shows the security of trained models through blockchain.

5.3 Audio-Based Al Technology

Acoustic Al techniques are sound recognition Al technology that uses sound data to
identify and classify sounds. These techniques have a huge potential in the health-
care sector, such as in diagnostics, monitoring, and treatment. Acoustic Al tech-
niques have become widely used in diagnosis and treatment in healthcare. Some of
the techniques involved in acoustic Al are selective noise canceling, Hi-fi audio
reconstruction, analog audio emulation, speech processing, and improved spatial
simulation.
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5.3.1 Applications in Healthcare

Numerous software applications employ sophisticated Al algorithms and process
digital signals to identify complete sleep schedules, track the rate of breathing,
detect gasping and snorting, and recognize patterns of sleep apnea. These applica-
tions then utilize this information to accurately measure a person’s respiratory rate
while they are sleeping, all via smartphones. These applications combine active
sonar and passive acoustic analysis. One of the application frameworks is “Firefly”
[57]. A framework designed using neural networks (NNs) can distinguish between
four different forms of auscultatory noises, including wheezes, rhonchi, fine crack-
les, and coarse crackles, which reduces human mistakes during auscultation [58].
Researchers have developed classifiers using this technology that can distinguish
between different respiratory illnesses in adults using the auditory features of
coughs. Also, they have created synthetic cough samples for each significant respi-
ratory ailment, using recent advancements. To help doctors, machine learning algo-
rithms identify the earliest stages of pulmonary disease, for example, Cough GAN
generates simulated coughs that mimic major pulmonary symptoms. By accurately
and early diagnosing advanced respiratory illnesses such as chronic obstructive pul-
monary disease, doctors will create the best preventative treatment programs and
lower morbidity [59]. Al-based technologies are used for pediatric breath sound
classification where the use of a CNN architecture (N-CNN) along with other CNN
architectures can be applied to examine discomfort in babies through their sound of
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crying patterns. Results show that this method is a much more beneficial and viable,
alternate to the method of evaluation used conventionally [60].

5.3.2 Adversarial Attack

Adversarial audio is any audio that contains disturbance, or noise, often known as
adverse perturbations, and it can fool a variety of sound classification systems.
Figure 2.18 shows the classification of adversarial attacks in audio signals. Some
assaults aim to create an adversarial audio sample that closely resembles the origi-
nal, but the learned model would classify it incorrectly. These assaults fall under the
category of speech-to-label assaults. By using the actual audio and the required
output label, the attacker can show how genetic algorithms can generate hostile
audio samples without the use of gradients. It increases random noise while prevent-
ing human awareness of it [61]. During the conversion of speech to text through
acoustic processing, an adversary can attempt to manipulate the output to achieve a
specific result. Such attacks are referred to as speech-to-text attacks. It is possible to
alter the audio spectrum to obtain a desired output by introducing a minor distur-
bance using optimization-based attacks [62]. Figure 2.19 provides an example of an
adversarial attack on an acoustic technology application in the healthcare system.

5.3.3 Blockchain Solutions for Acoustic AI-Based Healthcare

Data Layer

Data resides locally on the computers of data owners, such as physicians, hospital
staff, and laboratories database, similar to NLP-based healthcare. Figure 2.20 dem-

onstrates the data layer construction using blockchain for acoustic Al-based health-
care. As there are many IoMT technologies that can threaten the privacy of entities
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Fig. 2.18 Classification of adversarial attack on audio
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with data, blockchain can be used to prevent the risks. Smart contracts can be
deployed for access control on acoustic data storage. Similarly, IoMT devices can
be checked for proper registration and authentication procedure before contributing
to the data layer. Sharing of data for data layer construction is similar to the NLP-
based healthcare data layer construction framework described earlier.

Learning Phase

In order to train our acoustic Al model, a federal learning approach is adopted as the
data is distributed. The nodes in the Al network are the data owners. For subsequent
verification and reference, the features that were extracted from audio samples
would be safely stored in distributed ledgers. Depending on the learning strategy,
the audio sample’s extracted features can take on any shape. The job of creating the
global model is driven by consensus algorithms, and each local gradient is kept in
the blockchain. Hence, the distributed ledger containing the global model can be
protected against several threats. Figure 2.21 shows how the model is protected with
blockchain technology.
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After training, smart contracts are used to limit users of the model via authentica-
tion protocols. A consensus algorithm is used to check if the input is legit or has
been tampered with as audio signals are static dependent, that is, the previous
behavior impacts the current behavior. Figure 2.22 represents the blockchain frame-
work designed to protect the model of acoustic Al after the completion of the learn-
ing phase. The user can get access to the model through a smart contract. It then
proceeds to the consensus algorithm of the blockchain network where it is broken
into N numbers and each fragment is given to the miners. The result is combined
after the mining is completed. If the data has been adversary, then the result will not
make any sense as it has a static dependency. Hence, it will help to detect any adver-
sarial attack on the model.

6 Conclusion

This chapter provides an outlook on Al-based healthcare technologies and their
security through blockchain. Several research has been conducted in the field of Al
and blockchain and their application. In this review, we have discussed different
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fields of AI, which include machine learning through textual data (natural language
processing), medical imaging, and acoustic Al in healthcare. We have also dis-
cussed in our review various adversarial attacks and threats these sectors might face
and its solution using blockchain technology. The potential that blockchain has in
regard to security is undeniable. Blockchain is an immutable, distributed, decentral-
ized ledger that contains the vast potential to safeguard the health sectors against
different kinds of adversarial attacks, and privacy issues they might face during data
storing and sharing. Figure 2.23 shows the overall properties and application of
blockchain. In this chapter, we have discussed how blockchain can provide security
in the data layer and training phases of the field mentioned. We have referred to
various articles and review documents to collect information and conduct this
research. Future research directions have been presented in this chapter for using
blockchain in the field of Al and healthcare, which was developed through knowl-
edge and information from current technologies, their application, threats, and
existing challenges.
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Chapter 3

Decentralized Key Management for Digital
Identity Wallets

Check for
updates

Abylay Satybaldy, Anushka Subedi, and Sheikh Mohammad Idrees

1 Introduction

Identity management is a key component of information flow, provenance, informa-
tion protection, and it acts as an enabler for many digital services. Currently, iden-
tity data and credentials are increasingly centralized by organizations and some
larger corporations. Centralizing personal data in databases and data silos is prob-
lematic for various reasons, including security risks, data lock-ins, personal track-
ing, and targeted advertising for political influence, for instance.

Security design flaws in traditional systems pose a significant risk of data
breaches. Recent examples of such breaches include incidents at Equifax [1],
Cambridge Analytica [2], and First American Financial [3], where the identity
information of millions was exposed. Additionally, users’ identity data is frag-
mented across multiple providers. As a result, users must establish and manage a
myriad of accounts, IDs, and passwords to interact with numerous repositories, ser-
vice providers, and verifiers. The lack of sufficient privacy controls and transpar-
ency regarding how user identity data is generated, managed, and shared by third
parties is another significant concern.

These challenges have spurred both industry and academia to seek innovative
approaches for managing digital identity information and cryptographic secrets.
Self-sovereign identity represents a novel architecture for privacy-preserving and
user-centric identity management. The concept of SSI was introduced by Christopher
Allen in 2016. He defined the ten principles of the SSI model [4]. SST aims to elimi-
nate any single point of dependency, enabling individuals to assume ownership of
their digital identities. In the SSI model, there is no central authority; users maintain
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their digital keys and have full control over their personal information. Typically,
this information is housed in a digital identity wallet on a user’s mobile device.
Within the context of SSI, a digital wallet is both a software application and
encrypted database that stores credentials, keys, and other essentials required for the
SSI framework to function. This wallet empowers users with data sovereignty, full
control, and data portability. Users can establish and engage in trusted interactions
with third parties. The digital identity wallet encompasses public-private key pairs,
facilitating the signing of transactions, statements, credentials, documents, or
claims. Every participant in the SSI ecosystem (the issuer, holder, and verifier)
requires a digital wallet to issue, maintain, and verify credentials, as depicted in
Fig. 3.1.

The data stored in the wallet is safeguarded through robust encryption, a secure
computing unit within the mobile device itself (i.e., Trusted Execution Environment),
and user-specific knowledge (like passwords) or biometrics. While data can be del-
egated and managed by a third-party service, ideally, users should have the auton-
omy to select their service providers. Although delegation models might be more
convenient, our research focuses on instances where users directly store identity
data on their mobile devices.

Control over a user’s digital keys, as well as other contents of the digital wallet
such as credentials, is arguably the most critical element of the SSI architecture.
While traditional identity management models offer key management protocols
reliant on trusted third parties, in the SSI model, the responsibility of key manage-
ment falls on the identity owners themselves. Given that users often lose passwords
and mobile devices, placing the onus on non-technical users to safeguard creden-
tials introduces significant risk. Therefore, for SSI to emerge as a widely adopted
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Fig. 3.1 SSI model



3 Decentralized Key Management for Digital Identity Wallets 49

solution, it requires innovative decentralized key management services capable of
ensuring secure and practical key distribution, verification, and recovery.

In this chapter, we present a decentralized data backup method grounded in
social sharing, utilizing Shamir’s Secret Sharing (SSS) algorithm [5]. As a proof of
concept, we developed an application where a digital wallet’s secret key is entrusted
to several individuals within a user’s social circle. In the event of a loss, the user can
reconstruct the contents of their digital identity wallet with the assistance of these
trusted individuals, or “guardians.”

The remainder of this chapter is structured as follows: Sect. 2 delves into the
background information on SSI, digital wallets, and Shamir’s algorithm. Section 3
showcases related work in the realm of decentralized key management. In Sect. 4,
we present our approach and the proposed key recovery model. Section 5 offers a
comprehensive overview of our social key recovery scheme’s implementation.
Conclusions are drawn in Sect. 6.

2 Background

2.1 Self-Sovereign Identity

SSIis defined as a lasting identity that is owned and controlled by the individual or
entity it belongs to, without dependence on any external authority and devoid of the
risk of being revoked. Achieving this not only necessitates interoperability of a
user’s identity across various platforms (with the user’s consent) but also genuine
user control over that digital identity and complete autonomy. For an identity to be
self-sovereign, it must be transferable and not restricted to a specific site, provider,
or location. Such portability can be facilitated by an ecosystem that aids in acquir-
ing and recording attributes, and in disseminating trust among entities using these
identities.

SSI is underpinned by technologies that draw from foundational concepts in
identity management, distributed computing, blockchain, and cryptography. SSI
solutions should adhere to open standards and protocols such as verifiable creden-
tials (VCs) [6] and decentralized identifiers (DIDs) [7] established by W3C. Below
are brief descriptions of the architectural components:

A digital identity wallet offers users an interface to store, manage, and secure cryp-
tographic keys, secrets, and other confidential data. Within the SSI framework,
operating these digital wallets requires specific software termed as a digital
agent. This agent functions as a software guardian, ensuring that only the wal-
let’s controller (usually the identity owner) accesses the stored credentials and
cryptographic keys. The agent also facilitates secure connections and credential
exchanges. Furthermore, it manages third-party interactions, helping the user
maintain control over their wallet.



50 A. Satybaldy et al.

The decentralized identifier (DID) represents a novel identifier generated indepen-
dently of centralized authorities, and it is tailored to validate control over the
DID using cryptographic validations. DIDs can verify the provenance and own-
ership of attested identity data by checking the proof attached to the assertion. A
DID is paired with a private and public key upon creation. Every DID is linked
with a DID document detailing the DID owner, which includes public keys for
authentication and proof of association. This document may also list other attri-
butes or claims about the owner and specify which entities can modify the DID
document. Typically represented in JSON-LD [8], these documents can also be
conveyed using other data formats.

A verifiable credential (VC) can embody the same data that physical credentials do.
Being tamper-evident and having a cryptographically verifiable authorship, VCs
are often deemed more reliable than their tangible counterparts. Generally, every
VC contains claims about its subject. In the SSI model, we have three major
actors: issuer, holder, and verifier.

Issuer formulates a claim about a specific subject, connects it with the subject’s DID
and DID document, and converts this claim into a verifiable credential for trans-
mission to a holder. Issuers can range from corporations and governments to
individuals.

Verifier accepts claims in the form of VCs from other entities to grant them access
to protected resources. Verifiers can cryptographically ascertain the legitimacy of
the shared information without liaising directly with the initial issuer. The digital
signature of the issuer is authenticated using a DID coupled with a distributed
ledger or another decentralized network.

Holder (a person, organization, or object) receives the credential and stores it in
their digital wallet. Holders can present claim proofs from one or more creden-
tials upon request from verifiers, as illustrated in Fig. 3.1. Typically, the holder is
the subject of the credentials they possess, though this is not always the case.

In the SSI paradigm, verifiable data registry (VDR) oversees the creation and
verification of identifiers, keys, and other pertinent data such as verifiable creden-
tials, revocation lists, and issuer public keys. Examples of such registries include
blockchains and decentralized databases. When a DID and its initial public key are
“recorded” in a blockchain via a digitally signed transaction, the blockchain emerges
as the trust anchor for the DID. This mandates that verifiers consult the blockchain
to confirm the current public key and any associated DID document content. In
essence, trust in the consensus algorithm and the specific ledger’s operation is
imperative. Given the reliability of established public blockchains like Bitcoin and
Ethereum, and the robust methods to authenticate lookups from these ledgers, they
are broadly perceived as robust trust anchors.
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2.2 Shamir’s Secret Sharing

Shamir’s Secret Sharing (SSS) scheme is an algorithm first introduced in 1979 by
the esteemed Israeli cryptographer, Adi Shamir. The SSS is recognized as
information-theoretically secure and has been employed in cryptographic contexts
and other high-security applications [9].

Shamir’s scheme, based on standard Lagrange polynomial interpolation, permits
a secret to be divided into multiple shares. Intriguingly, reconstructing the original
secret requires only a subset of these shares. In a variety of sectors, both researchers
and businesses are harnessing this algorithm to incorporate decentralized sharing
into their respective solutions, services, and products. The SSS scheme has been
employed to encrypt data at the field level, enabling storage in cloud databases with-
out undermining data privacy [10].

In [11], researchers proposed a reversible data hiding scheme anchored in
Shamir’s Secret Sharing and designed to verify rightful ownership in encrypted
databases. This method conceals secret information by dispersing it into numerous
random-looking shares. Furthermore, SSS has been utilized for cryptographic key
sharding and recovery. For instance, it is used to divide PGP Desktop keys into
multiple segments, which can later be merged when necessary [12].

Hashicorp’s Vault [13] integrates SSS into its unsealing process, which retrieves
and decrypts secrets from cloud storage. Instead of conferring the unseal key as a
singular entity to an operator, Vault employs Shamir’s algorithm to fragment the
key, thereby eliminating any single point of vulnerability.

3 Related Work

Any form of cryptographic key management is challenging for humans because
digital keys are essentially strings of bits that must be meticulously safeguarded. If
they are lost, stolen, or corrupted, they can be virtually irreplaceable. Standards and
protocols for conventional key management are well established, with notable pub-
lications from NIST and the Key Management Interoperability Protocol (KMIP)
from OASIS [14].

The transition to decentralized key management signifies a move from central-
ized roots of trust to algorithmic or self-certifying roots of trust. Both of these
approaches eliminate the need to place trust in humans or organizational assertions
of new or rotated keys. However, this shift introduces new key management respon-
sibilities that now rest squarely on the shoulders of self-sovereign individuals. With
SSI, there is no overarching authority to consult. This necessitates new open stan-
dards and protocols that allow digital wallets to be user-friendly and compatible
across vendors, devices, systems, and networks.

Several organizations and companies are already addressing the challenges of
decentralized key management. The increasing interest in decentralized identity
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prompted the US Department of Homeland Security (DHS) to award a research
contract on decentralized key management to SSI vendor Evernym in 2017 [15].
Evernym convened a team of cryptographic engineers and key management special-
ists to draft a document titled “Decentralized Key Management System (DKMS):
Design and Architecture.” This was subsequently published as part of the
Hyperledger Indy project at the Linux Foundation [16]. DKMS outlines the design
prerequisites and offers guidelines for creating decentralized key management solu-
tions. The Decentralized Identity Foundation (DIF) also has a Wallet Security work-
ing group dedicated to formulating guidelines and setting security standards relevant
to identity wallet architectures, such as key management, credential storage, creden-
tial exchange, backup, recovery, and wallet portability [17].

Below is an overview of the current key recovery solutions being used, imple-
mented, or considered:

Offline recovery. A mnemonic (seed phrase) is a human-readable sequence of 12 to
24 words that encodes the wallet’s root private key. Users are responsible for
backing up their recovery mnemonic and ensuring its safety so they can regener-
ate their private key if necessary. This recovery method is standard for cryptocur-
rency wallets and some identity wallets at present. While mnemonics are a
familiar mechanism among decentralized application users, their security is only
as robust as where they are stored. For instance, when noted on paper, they are
vulnerable to fire, floods, theft, and deterioration.

Biometrics. Key management based on biometric traits has garnered significant
attention in the research community [18]. Biometric traits, being portable and
largely unique, can serve as seed values for generating cryptographic keys. The
drawback of this method is that once a person’s biometric data becomes public,
it can no longer secure an account since one cannot alter a fingerprint as easily as
changing a password or switching an account. Another limitation of biometrics
is the potential inconsistency across different fingerprint sensors — for example,
a minor injury might cause recognition issues [19].

Social recovery. This recovery method involves trusted entities, known as “trust-
ees,” who store recovery data on behalf of the identity owner, typically in the
trustee’s own wallet. While no current digital identity wallets support social key
recovery, some cryptocurrency wallets, including Argent and Loopring, have
implemented this feature [20, 21].

4 Methodology

The main objective of our proposed solution is to make a private key recoverable by
splitting it into chunks, distributing them to a set of trustees, and, when the original
is lost, recovering the full key from the full set or a subset of the chunks. Initially,
the user of the digital identity wallet generates their private key, which allows them
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to have full control over their personal data and identity information. However, the
original private key should be stored securely so that the user can recover it later in
case of loss or theft. The core of the scheme is based on Shamir’s Secret Sharing
algorithm, which divides the private key into parts called shares. These shares are
then distributed to a group of people. For recovery, these parts are combined to
reconstruct the original secret key. In our case, recovering the master key allows for
the restoration of the wallet. An essential feature of the scheme is that the recon-
struction does not require all the participants, but a threshold number of participants
decided upon during the division of the original key. Any combination of shares less
than the necessary threshold conveys absolutely no information about the secret.
Additionally, to protect against possible collusion among trustees, the private key
can be password-encrypted so that only the original owner (who knows the pass-
phrase) can access the actual reconstructed key.

In the following paragraph, we describe the creation of the secure private key and
the recovery of the original private key, as illustrated in Fig. 3.2.

The digital wallet initially generates a cryptographic private key K,,,,. Given a set
of T trustees t,...t,, Algorithm 1 divides the key into a set of shares S/i] for n trustees
using the SSS split function. The user can set the threshold value r, which is the
minimum number of participants required to reconstruct the secret. In the subse-
quent step, the wallet creates a data package to be sent to each participant. For every
trustee 7, the package consists of the key share S/i], the total number of trustees n,
the threshold value 7, and the digital signature generated based on the aforemen-
tioned items. The wallet then securely shares each encrypted package Enc(P[i],
K,.»[1]) with trustees, where K,,,,[i] is the public key of trustee i.

Algorithm 2 outlines the recovery process of the original private key. The algo-
rithm first checks if the threshold value is satisfied. If there are enough shares (|7| =
r), it iterates through those tuples, decrypts the secure key (K,..[i]), and produces the
package containing the key share. Finally, it passes the decrypted chunks through
the SSS combine function, which yields the original private key K,,,..

_Algorithm 1: Create Algorithm 2: Recover
Require: a set of T trustees t1...tn Require: number of trustees |T| =r
1: Generate private key Kprv 2:0f |T| =r
2: Define threshold value r 3: fori=Oto |T| do
3: for i=0 to n do 4: P[i] = Dec(Ksec[i])
4:  S[i] = SS85n(Kpr) 5: S[i] <- P[i]
5:  P[i]=(S[i], n, 1) 4: end for
6: Ksec[|] = Enc{P[l], Kpub[i” 5: Kprv = ssan':S)
7: end for 6: end if
8: return Ksec 7: return Kpn,

Fig. 3.2 Key generation and recovery algorithm
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5 Implementation

5.1 Key Generation

In order to design a working proof of concept, it was crucial for the key generation
component to be executed by the digital identity wallet integrated into our proposed
solution. This integration would demonstrate that the proposed scheme is compati-
ble with other existing digital identity wallets. For this purpose, we analyzed several
identity wallet frameworks provided by Trinsic [22], Veramo [23], and SprucelD
[24]. All these frameworks are open source and do not have a key recovery feature,
as shown in Table 3.1. Due to its flexible plugin system, compatibility with W3C
and DIF standards, and JavaScript support, we chose the Veramo framework for our
use case.

First, we bootstrapped our agent using Veramo APIs. This was achieved by ini-
tializing the npm package “@veramo/core.” The Veramo agent offers a common
interface for plugins to extend their functionality, as depicted in Fig. 3.3. Our key
recovery feature can be integrated as a custom plugin into the Veramo framework.
The agent is also the primary class and, when instantiated, organizes both core and
custom plugins and manages the core event system. After setting up the agent, the
did-manager and key-manager core plugins were employed to create a DID and
store the private key, respectively. SQLite was the chosen database for storing the
key, and Node was utilized as the development framework.

Table 3.1 Comparative analysis of SSI wallet frameworks

Features Trinsic Veramo Spruce

Open source | Yes Yes Yes

W3C DIDs Yes Yes Yes

and VCs

Key recovery | No No No

support

Supported Did:Sov, Did:Ethr, did:Web, Did:Web, did:Key, did:Tezos,

DID methods | did:Peer, did:Key did-ethr, did:Sol
did:Key, did:Web

Blockchains | Hyperledger Ethereum Tezos, Solana, Ethereum
Indy, Sovrin

Proof data JSON-LD JSON-LD JSON-LD

formats

Proof types Ed25519, CL Secp256k1, Ed25519, | Ed25519, RSASignature2018,

(signatures) signatures RSASignature2018 Eip712Signature2021,

JsonWebSignature2020

Zero- Yes No No

knowledge

proofs

Framework .Net JavaScript Rust

language
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Fig. 3.3 Key recovery protocol integrated to Veramo key management plugin

5.2 Key Sharing

In our implementation, we utilized Shamir’s Secret Sharing scheme to divide a pri-
vate key, generated by the identity wallet, into segments referred to as shares. The
number of shares is flexible; that is, a user can split the key into two or more shares.
These shares are distributed to a group of individuals designated as trustees by the
user. These segments of the secret can be combined to reconstruct the original
secret. Notably, one does not need all the shares to reconstruct the key. Furthermore,
a single share reveals no information about the secret. A specific number of shares,
less than the total and referred to as the threshold number, is necessary for recon-
struction. This threshold is determined when creating the shares. The concept of
consolidating the threshold number of shares to recover the key mitigates decryp-
tion failures when one or several parties are unavailable.

As an initial proof of concept, we developed a web application in ReactJS where
users could add friends and family members. Basic validations, such as preventing
the same individual from being added as both a family member and a friend or add-
ing a user multiple times, were implemented. Once these fields were filled, the pri-
vate key generated from the DID was divided into shares using the
shamirs-secret-sharing library.!

''SSS library: https://www.npmjs.com/package/shamirs-secret-sharing
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5.3 Key Recovery

According to the SSS, all secrets carry equal weight, and once a sufficient threshold
is reached, the secret can be reconstructed. However, in real-world scenarios, trust
is not uniformly distributed across different social circles, such as friends, business
acquaintances, and family. For instance, a family member and a business partner
might not hold the same level of trust for some individuals. Consequently, we intro-
duced a social key recovery scheme with a priority setting system. As a proof of
concept, we implemented two categories with fixed priorities: family and friends.
Family members are allocated two shares of the key, while friends receive one share
each. Therefore, if three shares are needed for wallet recovery, just one family mem-
ber and one friend would suffice to reconstruct the secret. The git repository for this
implementation is available on GitHub.? Instructions in the README.md file
within the repository guide users on how to run the system locally. It successfully
generates shares for distribution among the designated trustees and recovers the
secret when sufficient shares are provided, without any failures.

6 Discussion

Our proposed model outlines an architecture in which a digital identity wallet user
can recover their private key without requiring a physical backup. These methods
are complementary and should be combined for optimal security. Recovering the
private key enables the regeneration of all subkeys and the restoration of the wallet.
There are established techniques, such as secure hierarchical deterministic (HD)
key generation, which can use a single master seed to generate numerous key pairs
[25]. However, if you lose your mobile device, you might still forfeit all your previ-
ous credentials and connections stored in the mobile wallet, even after recovering
the private key. Therefore, users are encouraged to back up encrypted wallet data on
cloud-based services.

The private key can be distributed among trusted individuals within a user’s
social circle. Collaboration among fewer than the threshold number of trustees
results in unsuccessful reconstruction of the secret keys. As the number of trustees
and the threshold increase, the system’s security is enhanced, but its efficiency and
usability might diminish. For a user’s digital wallet to encrypt each package with a
key share, the wallet should possess access to the receiving party’s public key. Our
model presumes a decentralized trust model based on distributed ledger technology,
and DIDs facilitate the ability to look up public DIDs and establish connections. In
the proposed protocol, a secure and encrypted communication channel among the
digital wallets is essential. This can be established using the DIDComm proto-
col [26].

2Social key recovery scheme: https://github.com/abylays/Key-recovery-scheme
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A challenge with social key recovery is the potential for the group of trustees to
collude and gain unauthorized access to the account without the owner’s consent.
Therefore, in our model, group members are unaware of the other participants. A
key recovery mechanism must be implemented with caution. If not deployed cor-
rectly, it could compromise security. Our scheme strikes a balance between secu-
rity — having an encrypted version of the original private key safe for storage in less
secure environments — and usability — being able to retrieve the original private key
after extended periods without relying on easily forgotten passphrases or hardware
security modules.

The use case implementation showcases how our approach can be seamlessly
integrated into a real-world identity wallet/agent and how the registration and recov-
ery processes are executed. Additionally, we introduced a social key recovery
scheme with a priority setting system. As a result, our system provides users with a
more intuitive and user-friendly process.

7 Conclusion

In decentralized identity management, recovery is crucial since identity owners lack
a higher authority to which they can turn for assistance. In this chapter, we intro-
duced a decentralized key backup and recovery model for SSI wallets based on
Shamir’s Secret Sharing algorithm. As a proof of concept, we developed an applica-
tion where the secret key from a digital wallet is distributed to several individuals
from the user’s social circle. This ensures that if the user loses access, they can
reconstruct the contents of their digital identity wallet with the assistance of their
guardians.

For future work, we plan to fully develop our digital wallet software, incorporat-
ing a default key recovery feature. We aim to conduct comprehensive security anal-
yses and carry out usability tests with actual users. Additionally, we are interested
in exploring innovative methods that could enhance our secret sharing algorithm
and bolster the security of our model.
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Chapter 4

Towards Blockchain Driven Solution
for Remote Healthcare Service:

An Analytical Study

Siddhant Prateek Mahanayak, Barat Nikhita, and Sushruta Mishra

1 Introduction

Blockchain is an innovative decentralized method of keeping records that allows for
secure, open, and unchangeable recording of transactions [1]. It was initially devel-
oped as the underlying technology behind Bitcoin, a cryptocurrency, in 2008 but has
since evolved to encompass many applications beyond just cryptocurrencies [2]. At
its essence, Blockchain is a distributed database where multiple computers, called
nodes, share a copy of the database. A consensus mechanism is used to add new data
to the database to ensure the network’s integrity and security. Once data is added to
the database, it becomes immutable and tamper-proof, and changes to the database
cannot be made without the agreement of the entire network. By improving the
security, privacy, and interoperability of medical data and enabling safe data
exchange and effective data management across many healthcare stakeholders and
providers, the field of telemedicine could undergo a significant revolution thanks to
the transformative capabilities of blockchain technology.

A key feature of blockchain technology is decentralization, where several nodes
participate in the network, and each one has the same degree of power to administer
the ledger, validate transactions, and make decisions [3, 4]. This distributed nature
of Blockchain offers several advantages, such as enhanced transparency and immu-
tability. Since each node possesses a replica of the ledger, any modifications require
the consensus of most other nodes in the network. This feature makes sure that the
data on blockchain are almost immune to corruption [5], thus making it a highly
secure and reliable technology (Fig. 4.1).
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In blockchain technology, smart contracts are a specific form of contract that
function within a blockchain network and are coded to encompass the conditions of
an agreement between a purchaser and vendor [6, 7]. These contracts are self-
executing and comprise lines of code that can automatically trigger specific actions
based on pre-set rules and conditions. This means that a smart contract can facilitate
the exchange of goods or services between parties without the need for intermediar-
ies or manual intervention. For example, an intelligent agreement can be coded to
automatically transfer funds to the seller as soon as the buyer confirms the receipt of
the product or service. This simplifies and automates the entire process of the trans-
action. It is a crucial concept in blockchain technology, which involves transform-
ing a piece of data, such as a block or transaction, into a fixed-length alphanumeric
string known as a hash [8] (Fig. 4.2).

This process is irreversible, and each original data produces a unique hash.
Hashing algorithms are designed to be unidirectional, making it almost impossible
to reconstruct the original data from the hash. This characteristic makes hashing a
valuable tool for creating a secure and unalterable record of transactions on a block-
chain [8]. Decentralized blockchain networks lack a central authority for
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transaction verification, leading to the adoption of consensus algorithms to guaran-
tee uniformity of the ledger across all network nodes. The blockchain community
has devised multiple consensus algorithms for this purpose [9-11], including:

Proof of Work (PoW): This mechanism involves a competition among nodes in a
network to solve intricate mathematical challenges to verify transactions and
generate fresh blocks [12, 13]. The initial node to solve the problem is granted
with new digital currency units as an incentive. POW is extensively employed in
well-known cryptocurrencies such as Bitcoin [14, 15].

Proof of Stake (PoS): In Fig. 4.1, this algorithm allows nodes to verify transac-
tions and generate new blocks based on their cryptocurrency holdings within the
network. The likelihood of a node being chosen to generate the next block is
directly related to the quantity of cryptocurrency it owns [16, 17]. This process,
known as Proof of Stake (PoS), is employed by several popular cryptocurrencies
such as Ethereum and Cardano [18].

Delegated Proof of Stake (DPoS): DPoS is a type of consensus mechanism that
is utilized by specific blockchain networks to establish agreement among the
various nodes within the network [19, 20]. In a Delegated Proof of Stake (DPoS)
system, token holders can vote for delegates who are responsible for verifying
transactions and creating fresh blocks within the Blockchain. This process is
proportional to the number of tokens each voter holds, with the top candidates
selected as delegates [21].

Byzantine Fault Tolerance (BFT): BFT (Byzantine et al.) protocols have been
created to guarantee the resilience of distributed systems by utilizing various
methods, including redundancy, replication, and consensus algorithms [22, 23].
These methods are employed to ensure the proper operation of the system, even
in cases where specific nodes fail or engage in malicious activities. In a BFT
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(Byzantine et al.) system, identical data copies are stored on various nodes, and
these duplicates must agree on the exact value before they can be considered
valid. This agreement process guarantees that the accurate value can be
determined, even if some nodes fail or supply incorrect data, thus safeguarding
the system’s integrity and precision [23].

2 Emergence of Remote Healthcare

Remote healthcare, which is also called telehealth or telemedicine, is the delivery of
medical services to patients using digital communication technologies like video
conferencing, eliminating the requirement for face-to-face appointments [24]. This
method allows healthcare professionals to diagnose, treat, and monitor patients
from a distance, providing them more flexibility, convenience, and easy access to
medical services without leaving their homes. Consequently, the utilization of
remote healthcare has seen a rise in recent times, particularly during the COVID-19
outbreak [25], due to its ability to reduce the risk of infection transmission and
potentially lower healthcare costs. Furthermore, telemedicine can enhance the avail-
ability of healthcare services, particularly for individuals living in rural or isolated
regions, all the while enhancing the effectiveness of healthcare delivery. Remote
healthcare has several advantages, including:

* Convenience: Remote healthcare offers the convenience of receiving medical
care from one’s own home, eliminating the need for patients to visit healthcare
facilities, which can be especially beneficial for those living in remote or rural
areas or individuals who have difficulty with mobility [26]. This mode of health-
care delivery saves patients time and effort while reducing the stress associated
with travelling to medical appointments, ultimately improving patient experi-
ence and satisfaction.

* Cost-effective: Remote healthcare has the potential to be a more cost-effective
alternative to traditional healthcare services, as it eliminates the expenses associ-
ated with patient travel to medical facilities and can potentially reduce hospital-
ization rates [27]. This approach enables healthcare providers to save on overhead
costs, including staffing, equipment, and facility maintenance, while offering
patients affordable healthcare options. As a result, remote healthcare can be a
financially viable solution for patients, especially those who face financial con-
straints or are uninsured.

* Improved access: Remote healthcare can enhance access to healthcare services,
particularly for patients who face barriers to receiving care, such as individuals
residing in underserved areas or with limited mobility. This mode of healthcare
delivery eliminates geographical and transportation-related obstacles, allowing
patients to connect with healthcare providers from virtually anywhere.
Furthermore, remote healthcare can address the shortage of healthcare profes-
sionals in certain areas, providing patients access to specialized medical services
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and reducing wait times. By improving access to healthcare, remote healthcare
can contribute to better health outcomes and overall patient well-being.

* Reduced risk of infection: Remote healthcare can lower the risk of infectious
disease transmission, as patients can receive medical care without being exposed
to other patients who may be carrying contagious illnesses. This mode of health-
care delivery minimizes the need for patients to physically visit healthcare facili-
ties physically, thereby reducing the chances of infection spreading through
contact with potentially infected individuals. Additionally, remote healthcare can
be especially valuable during disease outbreaks, as it enables healthcare provid-
ers to continue offering medical services while minimizing the risk of disease
transmission, safeguarding the health of both patients and healthcare workers.

* Increased efficiency: Remote healthcare can improve healthcare efficiency by
enabling providers to see a higher volume of patients in a shorter period while
reducing appointment wait times. This approach allows doctors to offer medical
services remotely without being restricted by the physical constraints of tradi-
tional healthcare settings. By reducing the need for patients to travel to health-
care facilities, remote healthcare can also minimize appointment delays caused
by traffic, parking, or other scheduling conflicts. Furthermore, remote healthcare
can facilitate faster communication and information exchange between health-
care providers, improving coordination of care and ultimately leading to better
patient outcomes. Overall, remote healthcare can streamline healthcare delivery
and improve healthcare system efficiency.

In general, telemedicine can enhance the availability of healthcare services,
lower expenses, and enhance effectiveness. As technological advancements con-
tinue, telemedicine will probably play a progressively significant role within the
healthcare system.

3 Blockchain in Remote Healthcare

Blockchain technology has arisen as an encouraging advancement with the capacity
to revolutionize the healthcare sector, specifically in remote healthcare. Blockchain
technology can improve the effectiveness, safety, and openness of remote healthcare
services while strengthening patient confidentiality and safeguarding data. By lever-
aging the decentralized and immutable nature of Blockchain, healthcare providers
can ensure the secure and accurate sharing of patient data between different stake-
holders while minimizing the risk of data breaches and unauthorized access [28].
Furthermore, blockchain technology can enhance the tracking and management of
medical records, facilitate remote identity verification and authentication, and
streamline payment and reimbursement processes, all of which contribute to a more
efficient and patient-centred healthcare system. Overall, blockchain technology rep-
resents a promising avenue for advancing remote healthcare delivery and improving
healthcare outcomes.
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One significant benefit of incorporating blockchain technology in the healthcare
sector is its ability to create a reliable and unchangeable account of transactions
while ensuring security [29, 30]. This attribute can be precious in remote healthcare
for upholding patient privacy and data security. By leveraging blockchain technol-
ogy, healthcare providers can establish a tamper-proof repository to store patient
medical records and personal information, which can only be accessed by autho-
rized stakeholders. This measure can act as a protective measure to prevent unau-
thorized entry into private patient information and reduce the possibility of data
breaches [31]. The utilization of blockchain technology in remote healthcare can
enable transparent and verifiable patient data access, empowering patients with
increased authority over their personal health information. By guaranteeing the
security and confidentiality of patient data, blockchain technology can boost
patients’ trust and confidence in remote healthcare services, thus encouraging the
broader acceptance and implementation of this method of delivering healthcare [32].

Beyond enhancing data security, blockchain technology can contribute to opti-
mizing remote healthcare services by implementing smart contracts. By leveraging
smart contracts, healthcare providers can automate various administrative tasks and
reduce the need for intermediaries in healthcare transactions. To reduce the stress on
healthcare providers and to increase the speed and accuracy of payment processing,
smart contracts may be designed, for instance, to check insurance coverage and
execute payments automatically. This may increase operational effectiveness and
reduce costs, allowing healthcare practitioners to concentrate on providing patients
with high-quality treatment [7, 33]. Furthermore, smart contracts can improve the
clarity and trackability of healthcare transactions. This empowers patients with bet-
ter insight into the payment and reimbursement procedures. Incorporating block-
chain technology into remote healthcare can transform how healthcare transactions
are carried out, facilitating more effective and patient-focused care [34].

Incorporating blockchain technology into remote healthcare can also yield a
potential advantage by enabling greater transparency and accountability [35, 36].
Healthcare providers can create an unchangeable and open record of all transactions
carried out on the network by incorporating blockchain technology [37]. This record
can be leveraged for auditing and compliance purposes, facilitating the verification
of regulatory compliance and ethical standards adherence by healthcare providers.
Additionally, blockchain technology can establish a clear and transparent log of all
patient interactions with healthcare providers, enabling patients to access a com-
plete and unalterable history of their healthcare interactions [38]. By increasing
transparency and accountability, blockchain technology can enhance patient trust
and satisfaction with remote healthcare services, fostering increased adoption and
utilization. Blockchain technology can provide significant advantages for remote
healthcare services, elevating healthcare transactions’ efficiency, security, and
accountability. Moreover, blockchain technology can also enhance the accuracy and
comprehensiveness of patient medical records in remote healthcare [39]. With the
use of a decentralized ledger, patient medical records can be securely stored and
made easily accessible to authorized healthcare providers, regardless of their physi-
cal location. This can lessen the possibility of mistakes and omissions and guarantee
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that patients receive the best possible treatment. Blockchain technology can play a
crucial role in improving healthcare by allowing healthcare providers to access
patient medical records smoothly and securely. This ensures that healthcare profes-
sionals possess comprehensive knowledge about a patient’s medical background,
leading to more knowledgeable and precise diagnoses and treatment strategies.
Therefore, integrating blockchain technology into remote healthcare can signifi-
cantly enhance the quality and safety of patient care.

Integrating blockchain technology in remote healthcare services holds immense
potential for revolutionary changes in the industry. By strengthening data security,
simplifying administrative procedures, promoting transparency and accountability,
and enhancing the precision and comprehensiveness of patient medical records,
blockchain technology can have a crucial impact on ensuring patients receive excel-
lent care, regardless of location. As remote healthcare services gain popularity and
become more widespread, utilizing blockchain technology is expected to become
even more critical for maximizing the efficiency of healthcare delivery. Therefore,
it is clear that the incorporation of blockchain technology in remote healthcare has
the potential to revolutionize the healthcare industry and bring advantages to both
patients and healthcare providers.

* The objective is to suggest a practical and secure method of storing and sharing
confidential medical imaging data in remote healthcare using blockchain tech-
nology. This proposed system aims to increase the data’s security and integrity
while improving its scalability, efficiency, and user experience. Despite the chal-
lenges of implementing this system, such as regulatory and legal barriers and
technical expertise requirements, it is a promising approach that could greatly
benefit remote healthcare data management. This system could be realized and
widely adopted through collaboration between healthcare providers, technology
companies, and regulatory bodies, transforming how medical imaging data is
managed in remote healthcare.

* The objective is to showcase the practicality of utilizing blockchain technology
implemented with Hyperledger for storing and distributing confidential medical
imaging data while also assessing the system’s effectiveness and safety. This
study investigates the system’s performance and security to ensure its reliability
and practicality for remote healthcare data management.

» This research aims to address the concerns related to data security, privacy, and
interoperability in remote healthcare. The proposed solution involves utilizing
blockchain technology. The study will investigate how Blockchain can effec-
tively deal with these issues and enhance medical data management in remote
healthcare environments. Furthermore, it will evaluate the practicality and effi-
cacy of implementing blockchain technology in remote healthcare and explore
strategies to overcome any obstacles to its adoption.

The primary goals of this research involve creating a thorough structure for con-
ducting additional investigations into the application of blockchain technology in
remote healthcare. This structure intends to recognize the possible advantages and
difficulties associated with implementing blockchain technology in healthcare,
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offer recommendations for overcoming technical and regulatory obstacles, and pro-
pose future research avenues. Additionally, this study seeks to promote further
exploration and advancement in blockchain technology and facilitate the integration
of blockchain solutions within the healthcare industry.

4 Related Works

To safeguard patient privacy, preserving the privacy of delicate and individual infor-
mation found within medical images is of utmost importance. Healthcare profes-
sionals are mandated to adhere to rigorous guidelines and regulations, such as
HIPAA [40], to protect the confidentiality and privacy of medical data. Furthermore,
it is necessary to establish access restrictions to guarantee that individuals with
proper authorization can access and distribute medical images.

Researchers like Chhikara et al. [41] observed that current digital healthcare sys-
tems often have problems securely and efficiently sharing data, which can nega-
tively impact patient outcomes and increase costs. To solve this issue, they proposed
a mechanism that utilizes blockchain technology to create a decentralized and
secure network for authorized healthcare providers to share data. They also
explained the proposed mechanism’s structure and workflow in detail, including
implementing smart contracts to automate access control and data sharing. Hathaliya
et al. [42] highlighted the primary difficulties in monitoring patients remotely,
including privacy, data security, and interoperability concerns. To overcome these
challenges, the authors propose an architecture that utilizes blockchain technology
to manage patient data using smart contracts. This approach is designed to provide
a secure and confidential way of collecting and storing patient data while ensuring
its integrity. Neyire Deniz Sarier [43] introduced a new method for securely and
privately using biometric data for authentication in healthcare systems. The pro-
posed approach utilizes blockchain technology and smart contracts to store
encrypted biometric data off-chain and manage the authentication process.
Simulations were conducted to test the system’s performance, and the results indi-
cate that the proposed approach can handle a high volume of authentication requests
without causing significant delays. Overall, the system presents a promising solu-
tion to the security and privacy concerns associated with biometric authentication in
healthcare. Jayabalan et al. [44] suggested a scalable blockchain model that uses
IPES storage off the chain to protect healthcare data. They contend that current
healthcare systems have problems maintaining data privacy and security because of
the centralized storage of confidential patient information. Healthcare 4.0 repre-
sents the fourth industrial revolution in the healthcare industry, where the focus is
on integrating digital technologies and data-driven solutions to revolutionize the
delivery of healthcare services. This will enable a more personalized and precise
approach to healthcare delivery, improving patient outcomes, enhancing patient
experiences, and reducing the overall cost of care. Mahajan et al. [45] proposed
incorporating blockchain technology and Healthcare 4.0 into cloud-based electronic
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health record (EHR) systems to enhance their security and accessibility. By inte-
grating Healthcare 4.0 with blockchain technology, EHR systems can become more
secure and efficient, enabling the safe and convenient exchange of patient informa-
tion between various healthcare providers. Hathaliya et al. [46] emphasized the sig-
nificance of safeguarding patient information in the Healthcare 4.0 era, characterized
by the widespread use of mobile gadgets, wearable devices, and IoT. They suggest
a method that entails biometric validation to permit access to health records solely
to authorized staff. Remote patient monitoring (RPM) is a healthcare innovation
that permits medical professionals to oversee and monitor a patient’s health from a
distance. RPM empowers healthcare providers to observe patients’ well-being in
real time, identify any fluctuations in their health status, and promptly intervene if
needed. Subramanian et al. [47] proposed a novel approach to RPM that utilizes
blockchain technology and the Internet of Things (IoT) to ensure secure and person-
alized care. They conducted a proof-of-concept study by developing a prototype
system integrating Blockchain and IoT to monitor patients remotely. The study’s
results demonstrated the effectiveness and efficiency of their proposed system.
Wadud et al. [48] added to the increasing research on using blockchain technology
in the healthcare industry. They proposed a patient-centred system for remote
patient monitoring that addresses concerns regarding privacy and ownership of
patient data. Panwar et al. [49] pointed out the shortcomings of current methods.
They stressed the importance of developing a stronger and more effective approach
to handle the specific obstacles of protecting healthcare data in a Data Lake. To meet
these needs, the paper introduces the BC-CCHS technique as a potential solution to
guarantee data security while promoting efficient data exchange and cooperation
between healthcare providers. Solution to improve the quality of remote patient
monitoring in healthcare. Hoang et al. [50] described a system that utilizes smart
contracts to facilitate the sharing of personal healthcare records (PHRs) securely
and privately. Smart contracts ensure that the records are authentic, integral, and
confidential. Additionally, the authors introduce a privacy-preserving method called
“Proxy Re-Encryption,” which allows authorized healthcare providers to access the
PHRs without compromising the patient’s identity. The primary objective of the
paper by Bawany et al. [51] is to explore the potential of using blockchain technol-
ogy to develop a secure and transparent platform for exchanging patient informa-
tion, which can ultimately enhance healthcare outcomes. The proposed framework
consists of three key elements: a patient portal, a healthcare provider portal, and a
blockchain network. Vithanwattana et [52]. also suggested a security framework
comprising three layers (physical, network, and application) to safeguard healthcare
systems from security threats. They also emphasize the significance of training
healthcare professionals and staff to adhere to security best practices and recognize
security risks. Zheng et al. [53] suggested an approach which entails utilizing IoT
gadgets to gather health-related information, which is then saved on a decentralized
ledger like a blockchain. By leveraging DLTs, a secure and decentralized system is
established to store and exchange health data, which may help resolve data security
and confidentiality concerns. Moreover, the authors recommend utilizing smart
contracts to automate agreements for sharing data between various healthcare
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providers, further simplifying the sharing process. Singh et al. [54] examined how
blockchain technology can be used in healthcare. They recommended incorporating
security and privacy measures to ensure the safe storage and sharing of patient med-
ical records. The paper emphasizes the benefits of utilizing Blockchain in health-
care, including improved data security, compatibility, and patient confidentiality.
The design by Uddin et al. [55] consists of several tiers: gathering information,
analyzing data, making decisions, and executing actions. The agent that centres
around the patient’s needs manages the communication between these tiers and
makes informed decisions based on patient data. Additionally, the suggested archi-
tecture employs a blockchain-driven system to guarantee the safety and confidenti-
ality of patient information.

S Proposed Methodology

In Fig. 4.4, the proposed healthcare architecture aims to streamline patient data
management by using a unique healthcare ID. The government issues this ID and
contains all pertinent health information, such as medical history, allergies, blood
type, previous medications, chronic diseases, disabilities, and contact details. When
patients visit a healthcare service provider, such as a hospital, they provide their
healthcare ID to the attending doctor or nurse. This enables healthcare professionals
to quickly and easily access the patient’s health records, which is crucial in provid-
ing the best possible care. By having a centralized repository of patient data, health-
care providers can avoid potential errors or delays caused by incomplete or
inaccurate patient information.

When a healthcare professional prescribes a new medication or adds new lab test
records, as shown in Fig. 4.4, the information is securely sent to an application
server. Afterwards, the server secures the fresh data by applying encryption and
saves it onto the InterPlanetary File System (IPFS), an autonomous and dispersed
system for storing files. The IPFS generates a content ID, which is then used to add
the patient’s information from their healthcare ID to a Solidity smart contract. This
generates a transaction, which is validated by peer nodes and added to the private
permissioned Blockchain. This secure and decentralized approach ensures that
patient data is protected and can only be accessed by authorized healthcare profes-
sionals (Fig. 4.3).

Once the transaction containing the patient’s health record is successfully added
to the Blockchain shown in Fig. 4.5, the patient can access their health information
through an easy-to-use application interface. This web interface is designed to con-
nect both private and public healthcare service providers and practitioners. This
connectivity can be essential in emergencies, where immediate access to the
patient’s medical information might mean the difference between life and death.
This is especially true when healthcare professionals need access to formal health-
care interfaces to avoid treatment delays and subpar service. With this architecture,



4 Towards Blockchain Driven Solution for Remote Healthcare Service: An Analytical... 69

-

Access to Palients’ Block

-—

Web Encrypted Data
Interface —

Block|| Block

AR
Patient can Access

_ SmallBig Public
its Healthcare Records Healthcare
service Providers

128
Encrypted dala is accessible

Small/Big Private fo as"ezf:e o; :;'ﬁﬁg:;are
Decrypt his/her Records Healthcare
service Providers

AR

Private
Practitioners

]

\

Connected

A\

Patient

Fig. 4.3 Remote healthcare architecture

althe
Service
rovide,

Fetch Patients’
* Medical Records / Health Issues

* Blood Group
. * Allergens
Provide T atient * Previous Medications
Health 1D
Decrypt Patients’
Q Healthcare Records
" Interaction
— Using Health Id
Health Professionals fetches +
Patient Doctor  CID(linked with Health ID) Private - Permissioned
Blockchain
ontend ID
Information from
Newly Prescribed Meds HealthiD
+ New Lab Test Results Content ID(Cid)
L Tink cid with HealthiD)

Node Server Encry pg;:ﬁedica! F;
| __L IPFS

Fig. 4.4 Remote healthcare architecture



70 S. P. Mahanayak et al.

Contains Newly Prescribed Meds

+ New Lab Test Results p oz
Private - Permissioned

1 Blockchain
Node Server Block
Encrypted Medical Block |l Block
Data
3 _ N .
IPFS T
Block added to Blockchain

Content ID(Cid)

(link cid with HealthiD) I
ki
Contend ID
@ormation from
HealthiD

@ Q Block Creation Pe.%

ode- ode-

Health Transaction .| Transaction
Contract creation : ~|  Validation

Fig. 4.5 Remote healthcare architecture

patients can rest assured that their medical data is accessible to authorized health-
care professionals regardless of where they seek treatment, as seen in Fig. 4.3.

Figure 4.3 shows that the proposed architecture for healthcare management
offers numerous benefits to both patients and healthcare professionals. With a
unique healthcare ID for each patient issued by the government, healthcare profes-
sionals can access all relevant health information quickly and easily. This includes
medical history, allergies, blood type, previous medications, chronic diseases, dis-
abilities, and contact information. This guarantees that medical professionals can
obtain the necessary information for optimal healthcare, enhancing the standard of
care and potentially rescuing lives during critical emergencies.

In addition, using a private permissioned blockchain shown in Fig. 4.3 connects
various healthcare providers and practitioners, making it easier to access patient
data in emergencies. This is especially important in cases where healthcare provid-
ers do not have access to structured healthcare interfaces, which can lead to delays
in treatment. By securely storing patient information on the Blockchain, healthcare
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providers can access this information regardless of where the patient is receiving
treatment, ensuring that patients receive the best possible care. Overall, the pro-
posed architecture for healthcare management offers a secure, efficient, and effec-
tive way to manage patient health records, ensuring that patients receive the best
possible care regardless of where they are receiving treatment which can be seen in
Fig. 4.5. With a private permissioned blockchain and a unique healthcare ID for
each patient, healthcare professionals can quickly and easily access patient informa-
tion, improving health outcomes and potentially saving lives (Figs. 4.4 and 4.5).
The proposed architecture has several potential benefits, including:

* Improved patient care: By having a centralized database of patient health records
accessible to all healthcare providers, doctors can make more informed decisions
about patient care. They can see a patient’s entire medical history, including any
chronic conditions, allergies, and previous treatments, which can help them pro-
vide better care and avoid harmful drug interactions.

* Increased efficiency: With a centralized healthcare database, healthcare provid-
ers can quickly access patient information without waiting for records to be
transferred between different providers. This can save time and resources and
reduce the risk of errors.

* Improved data security: By using blockchain technology and IPES to store
patient data, the proposed architecture can provide high data security. Patient
data may be safeguarded against illegal access and manipulation thanks to the
decentralized structure of the Blockchain and the use of encryption.

* Increased patient autonomy: With access to their health records through a web
interface, patients can take a more active role in managing their health. They can
see their medical history, track their progress, and share their records with other
healthcare providers as needed.

e Better communication between healthcare providers: The proposed architecture
can improve communication and collaboration between providers by providing a
centralized database of patient records that multiple healthcare providers can
access. This can help ensure patients receive the best care, even when seeing
multiple providers across different locations.

6 Benefits of Blockchain in Remote Healthcare

The integration of blockchain technology into remote healthcare has the potential to
revolutionize the way healthcare services are delivered. Our proposed system uti-
lizes a blockchain-based hyperledger implementation, ensuring secure storage of
sensitive DICOM files. This approach offers multiple benefits for both patients and
healthcare providers. By incorporating blockchain technology, we can bring about
a transformative change in the healthcare industry.

* Enhanced data security: Using blockchain technology to store sensitive DICOM
files dramatically improves data security by adding an extra layer of protection
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against unauthorized access and potential data breaches. This is accomplished by
establishing a network with restricted access and privacy features, guaranteeing
that only authorized users can reach the data. Consequently, implementing this
system not only reinforces data security but also instils a greater sense of trust in
the privacy of patient information.

Increased data integrity: By utilizing blockchain technology to store DICOM
files, the system can guarantee increased data integrity by implementing tamper-
proof and immutable storage mechanisms. This ensures that the data remains
unchanged and secure throughout its storage, and any attempts to alter or manip-
ulate the information will be immediately detected. Furthermore, using
Hyperledger Fabric/Hyperledger Besu adds another layer of assurance to the
data’s integrity, as authorized parties verify and validate the data, further strength-
ening the trustworthiness and reliability of the system. The use of advanced tech-
nologies to maintain the accuracy and security of data is remarkable progress in
the healthcare industry. It can completely transform how sensitive patient infor-
mation is stored and protected.

Improved transparency: Implementing a blockchain system in managing DICOM
files can offer improved transparency and visibility into the access and utilization
of sensitive patient data. This transparency is crucial in ensuring regulatory com-
pliance and accuracy, vital in the healthcare industry where legal and ethical
standards must be upheld. The blockchain-based system provides an immutable
and tamper-proof record of every access and modification made to DICOM files,
enabling auditors to verify the legitimacy and accuracy of the data. Blockchain
technology in healthcare can enhance trust and responsibility among healthcare
providers by providing a transparent and visible system. This allows patients to
have confidence that their confidential information is being managed securely
and ethically. The increased transparency brought by blockchain technology is a
valuable benefit, ensuring adherence to regulations and cultivating trust between
patients and healthcare providers.

Reduced costs: Implementing a blockchain-powered platform to store and han-
dle DICOM files could notably impact decreasing expenses linked to transac-
tions, storage, and administrative duties. Utilizing zero-fee transactions reduces
the costs of accessing and storing the files, resulting in a more economical
approach for healthcare providers and patients. Moreover, utilizing a blockchain-
based system can also help reduce administrative expenses related to data man-
agement, as the system is automated and requires less human intervention. This
translates into a more streamlined and efficient process for managing healthcare
data, ultimately leading to lower costs for healthcare providers and patients. The
potential for cost reduction is a significant benefit of implementing such innova-
tive and advanced technology in the healthcare industry.

Improved efficiency: Incorporating automation and continuous delivery/integra-
tion into the system for managing DICOM files using blockchain technology can
enhance data management and processing efficiency. This, in turn, can alleviate
healthcare providers’ workload and enable quicker data access. The automated
nature of the system ensures that data is managed and processed without the need
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for extensive manual intervention, making the entire process more streamlined
and efficient. The continuous delivery/integration approach further enhances the
system’s efficiency by enabling frequent and rapid updates, ensuring that it
remains up-to-date and capable of handling the latest data management require-
ments. The resulting efficiency improvements are crucial in today’s fast-paced
healthcare industry, where time is often of the essence, and prompt access to data
can make all the difference in providing adequate care to patients.

e Improved user experience: Using a user interface, the system for managing
DICOM files through blockchain technology can significantly enhance the user
experience, making it more accessible and user-friendly for healthcare providers
and patients. The interface simplifies the process of interacting with and access-
ing DICOM files, ensuring that the data can be easily accessed and managed. The
streamlined user experience can increase data management and processing effi-
ciency, as users can quickly and efficiently navigate through the system’s various
features and functionalities. This results in a more intuitive and engaging user
experience, promoting greater engagement with the system and its benefits.
Ultimately, incorporating a user interface in the blockchain-based system for
managing DICOM files can revolutionize how healthcare providers and patients
interact with and manage sensitive patient information, providing a more seam-
less and engaging user experience.

* Enhanced scalability: Incorporating a blockchain-based system for managing
DICOM files can significantly enhance the scalability of data storage and pro-
cessing, a critical requirement in remote healthcare settings. Utilizing blockchain
technology allows the system to manage substantial amounts of data effectively,
offering an exceedingly adaptable approach for storing and retrieving confiden-
tial patient data. This is especially important in remote healthcare, where effi-
cient and scalable data management is paramount. The blockchain-based
system’s ability to handle increasing amounts of data without compromising its
performance ensures that it remains reliable and effective, even as data volumes
grow. The enhanced scalability of the system can help healthcare providers and
patients access and manage data more efficiently, ultimately improving the qual-
ity of care delivered to patients. Therefore, the incorporation of blockchain tech-
nology represents a significant breakthrough in remote healthcare, offering a
highly scalable and efficient solution for managing sensitive patient information.

7 Future Challenges of the Topic

Although blockchain technology holds significant promise in transforming the
healthcare industry, several hurdles must be overcome to adopt it widely in remote
healthcare. Realizing this technology’s potential depends on overcoming various
future challenges associated with its implementation. Various obstacles, including
technical and regulatory concerns, can hinder the smooth incorporation of block-
chain technology into remote healthcare environments. Overcoming these
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challenges is essential to facilitate the successful implementation of blockchain
technology in remote healthcare settings. These challenges include establishing a
robust technical infrastructure capable of supporting blockchain systems, compli-
ance with existing regulations, ensuring data privacy and security, and addressing
interoperability issues between different healthcare systems. By overcoming these
obstacles, blockchain technology will be successfully incorporated into remote
healthcare, improving the standard of care given to patients in these situations.

e Integration with existing systems: One of the significant hurdles to adopting
blockchain technology in remote healthcare is integrating this innovative tech-
nology with the existing healthcare systems. Many healthcare providers depend
on outdated systems that may need to work better with blockchain technology.
This lack of compatibility creates difficulties when trying to incorporate
Blockchain into the current infrastructure, which means there is a need for sub-
stantial investment in new systems and infrastructure. Integrating blockchain
technology with these outdated systems can be a complicated, time-consuming,
and expensive process that might even require a complete revamp of the existing
healthcare infrastructure. Therefore, healthcare providers must invest in upgrad-
ing their infrastructure to support blockchain technology, ensuring seamless inte-
gration and maximizing the technology’s potential benefits in remote healthcare
settings. Only by addressing this challenge can healthcare providers take full
advantage of blockchain technology’s transformative potential in remote
healthcare.

e Regulatory and legal barriers: Introducing blockchain technology in the health-
care sector brings up various regulatory and legal obstacles that must be resolved
to guarantee its secure and efficient application in remote healthcare. This tech-
nology gives rise to multiple worries, such as safeguarding data privacy and
security, determining liability in the event of data breaches, and adhering to cur-
rent healthcare regulations. Addressing these challenges is critical to ensure
healthcare providers can utilize blockchain technology safely and effectively in
remote healthcare settings. The regulatory and legal barriers surrounding the
implementation of blockchain technology require a multidisciplinary approach
involving various stakeholders, including healthcare providers, policy-makers,
legal experts, and regulatory bodies. This approach will ensure blockchain tech-
nology is implemented within existing regulations and laws, protecting patients’
data privacy and security. By addressing these regulatory and legal issues, health-
care providers can take full advantage of the transformative potential of block-
chain technology, enhancing the quality of care delivered in remote healthcare
settings.

* Technical expertise: Implementing blockchain technology in remote healthcare
requires significant technical expertise. This expertise is necessary for develop-
ing and maintaining the blockchain infrastructure and training healthcare provid-
ers on how to use the technology effectively. The lack of technical expertise
poses a major obstacle to adopting blockchain technology, particularly for
smaller healthcare providers with limited resources. Developing and maintaining
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the necessary blockchain infrastructure can be complicated and demands spe-
cialized knowledge and skills. To overcome this challenge, healthcare providers
must allocate resources to enhance their technical capabilities and acquire the
necessary skills.

Moreover, training healthcare providers to utilize the technology effectively
requires significant time and resources. This training must be continuous to
ensure that healthcare providers stay updated with the latest advancements in
blockchain technology. By addressing this challenge, healthcare providers can
fully unlock the potential benefits of blockchain technology in remote health-
care, thereby enhancing the quality of care provided to patients.

e Interoperability: Implementing blockchain technology in remote healthcare
faces a notable obstacle in interoperability. For blockchain technology to be
effective, it must be able to interoperate with other healthcare systems and data
sources. However, this cannot be easy because of the diversity of healthcare sys-
tems and data sources currently in use. Healthcare providers must ensure their
blockchain infrastructure can interoperate with existing systems to avoid data
duplication and other inefficiencies. Additionally, the need for more standardiza-
tion in the healthcare industry can make it challenging to ensure blockchain tech-
nology can interoperate with different systems and data sources. Addressing
these interoperability challenges will require collaboration between healthcare
providers, technology companies, and regulatory agencies. By collaborating and
working collectively, we can only achieve a healthcare system that effectively
utilizes blockchain technology in remote healthcare.

* Cost: The expense of introducing blockchain technology in distant healthcare
can pose a notable obstacle to its adoption, particularly for smaller healthcare
providers who have restricted budgets. While blockchain technology can
decrease costs in the long term, the initial investment needed to embrace the
technology can be substantial. This encompasses the expenses associated with
creating and sustaining the blockchain system and the costs of educating health-
care providers to utilize the technology proficiently. Also, smaller healthcare
organizations might need more funds to invest in the technical know-how and
infrastructure needed to use blockchain technology. Therefore, finding ways to
reduce the costs associated with implementing blockchain technology in remote
healthcare will be critical to its widespread adoption.

Although blockchain technology holds significant promise for revolutionizing
remote healthcare, its widespread adoption faces several challenges. Addressing
these challenges will require a collaborative effort among various stakeholders,
including healthcare providers, technology companies, and regulatory bodies.
Addressing technical, regulatory, legal, interoperability, and cost issues will be nec-
essary to enable blockchain technology’s safe and effective adoption in remote
healthcare. Nevertheless, given the potential benefits that blockchain technology
can offer in remote healthcare, overcoming these challenges is worth the effort. By
working together, stakeholders can leverage the strengths of blockchain technology
to transform remote healthcare and improve patient outcomes.
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8 Conclusion

In conclusion, The proposed solution for storing sensitive DICOM files in a
Hyperledger blockchain system combined with Grafana Loki monitoring,
Hyperledger Fabric/Hyperledger Besu, vulnerability checks, metadata generation,
permission and privacy-enabled network, a user interface, zero-fee transactions, and
continuous delivery/integration, provides numerous advantages for managing
remote healthcare data. Utilizing blockchain technology can enhance the security
and reliability of data, provide clarity regarding data access and utilization, reduce
expenses, boost effectiveness and scalability, and enhance overall user satisfaction.
Despite some challenges, such as regulatory and legal barriers and the need for
technical expertise, this system has great potential for improving remote healthcare
data management. A collaborative effort between healthcare providers, technology
companies, and regulatory bodies is necessary to implement this solution and maxi-
mize its benefits.
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Chapter 5
Smart Contract Vulnerabilities: Exploring
the Technical and Economic Aspects
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1 Introduction

In the rapidly evolving landscape of blockchain technology, smart contracts have
emerged as a pivotal innovation, poised to redefine the fabric of digital agreements.
These self-executing contracts encapsulate the convergence of technical intricacies
and economic implications, offering a new paradigm for automating, verifying, and
executing transactions [1]. This chapter embarks on a comprehensive exploration of
the multifaceted realm of smart contracts, delving into their inherent significance,
the intricate interplay of technical and economic dimensions, and a holistic perspec-
tive on their vulnerabilities and limitations.

At the core of this exploration lies the profound significance of smart contracts.
These digitally encoded agreements not only streamline traditional contractual pro-
cesses but also establish a trustless and tamper-proof environment for executing
transactions. By seamlessly automating processes and reducing the reliance on
intermediaries, smart contracts hold the potential to revolutionize sectors ranging
from finance to logistics. The introduction of smart contracts transcends technical
prowess; it intertwines with economic implications. The automation, transparency,
and efficiency they offer have profound economic ramifications, potentially disrupt-
ing industries, and reshaping business operations. This convergence of technology
and economics warrants a comprehensive analysis that encompasses both domains.
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While the promise of smart contracts is enticing, their implementation intro-
duces vulnerabilities that demand meticulous scrutiny. This chapter takes a holistic
approach, unveiling the vulnerabilities within smart contracts that could compro-
mise their integrity and security. Additionally, it navigates the practical limitations
and challenges faced across various industries, providing a balanced perspective on
their transformative potential.

As we embark on this journey, the intricate tapestry of smart contracts unfolds,
revealing their potential to revolutionize conventional business agreements. By
delving into their significance, dissecting their technical and economic dimensions,
and acknowledging their vulnerabilities and limitations, this chapter strives to foster
a comprehensive understanding that will guide informed decisions in harnessing the
transformative power of smart contracts.

2 Economic Aspects of Smart Contracts

Smart contracts offer numerous advantages over traditional contracts, including
efficiency, cost savings, transparency, immutability, increased trust, automation,
security, and disintermediation. They automate contract execution, minimizing reli-
ance on middlemen and saving time and costs. Smart contracts are transparent and
immutable, providing real-time visibility into contract terms and ensuring the reli-
ability of the agreement. The use of blockchain technology enhances trust among
contract participants by eliminating the need for a central authority [11] and provid-
ing equal access and verification rights [7]. Automation simplifies business pro-
cesses and integrates with other systems. Smart contracts benefit from the security
of blockchain technology, ensuring the integrity and reliability of the agreement [3].
They also enable disintermediation, reducing costs and speeding up contract
execution.

Smart contracts have potential use cases in various industries. In finance, they
can streamline transactions, automate insurance claims processing, and facilitate
peer-to-peer lending. In the real estate industry, smart contracts can automatically
transfer property ownership, simplify lease agreements, and minimize the need for
intermediaries. Supply chain management can benefit from smart contracts through
automated track and trace of goods and streamlined payment processing.

However, challenges exist, such as the need for standardization across industries
and the development of legal and regulatory frameworks to support smart contract
usage [2]. Addressing these obstacles will be pivotal for the widespread acceptance
and realization of the complete potential of smart contracts in various sectors.
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3 Limitations and Challenges of Implementing
Smart Contracts

Smart contracts in the blockchain ecosystem have economic aspects that offer
advantages over traditional contracts [3], but they also come with limitations and
challenges. They reduce transaction costs and enhance efficiency by automating
contract execution, minimizing the reliance on intermediaries and third-party vali-
dation. This saves time and money while increasing transparency and reducing
fraud. However, implementing smart contracts can be complex due to the require-
ment of blockchain technology [4]. Blockchain is still in its early stages, and debates
on the best design and implementation approaches are ongoing. In addition, the
legal and regulatory structures for smart contracts are developing, causing ambigu-
ity for businesses and users.

Another limitation is the potential for errors or bugs in the code [6], which can
have severe consequences due to the self-executing nature of smart contracts.
Auditing and testing are crucial to ensure error-free operation. Scalability is another
challenge, as an increasing number of users can cause delays and higher transaction
fees. Scaling solutions like sharding and sidechains are being explored to address
this challenge.

Adopting smart contracts requires a shift in mindset and culture. Traditional con-
tracts rely on legal and financial expertise, while smart contracts require program-
ming and technical skills [7]. Education and training are essential to aid users in
comprehending the advantages, restrictions, and optimal utilization of smart
contracts.

4 Applications of Smart Contracts Across Industries
(Fig. 5.1)

Smart contracts have propelled a wave of innovation across diverse industries,
promising automation, efficiency, and transparency [13]. However, each sector also
faces its unique set of challenges and limitations in fully embracing this transforma-
tive technology.

1. Food Industry: Supply Chain Management and Integration Challenges

The food industry’s intricate supply chains could benefit from smart contract
automation, enhancing traceability and reducing fraud. Yet, challenges lie in inte-
grating various stakeholders onto blockchain platforms and navigating complexities
in data sharing.

2. Real Estate: Legal Hurdles, Standardization, and Adoption

Real estate transactions can leverage smart contracts to streamline property
transactions, reducing intermediary involvement. However, legal and regulatory
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Fig. 5.1 Applications of smart contracts across industries

hurdles, along with the need for standardized processes, impede widespread
adoption.

3. Insurance: Integration Complexities and Regulatory Challenges

Smart contracts can expedite claims processing and policy management in the
insurance sector [14]. Yet, integrating these contracts with existing systems and
regulations poses significant challenges, hampering their full implementation.

4. Identity Management: Adoption and Interoperability Dilemmas

Smart contracts hold potential for secure and decentralized identity manage-
ment. However, achieving widespread adoption and seamless integration with exist-
ing identity systems remains a complex endeavour.

5. Gaming: Limited Adoption and Regulatory Constraints

In the gaming industry, smart contracts can offer transparency and fairness in
transactions and rewards. Yet, limited adoption by gaming companies, coupled with
evolving regulatory constraints, hampers their extensive implementation.

6. Energy: Industry Adoption and Integration Hurdles

Smart contracts can revolutionize energy trading and distribution by automating
transactions and ensuring accountability. Nevertheless, industry-wide adoption and
integration with legacy systems pose significant challenges.
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7. Healthcare: Challenges in Adoption and Integration

The healthcare sector could benefit from smart contracts for secure patient data
sharing and drug traceability. However, adopting these contracts within the complex
healthcare ecosystem and integrating them with existing systems present formida-
ble hurdles.

8. Shipping: Industry Acceptance and Regulatory Challenges

Smart contracts hold potential for streamlining shipping and logistics operations.
Industry-wide acceptance and navigating regulatory intricacies, however, remain
significant roadblocks.

9. Voting: Adoption, Integration, and Regulatory Hurdles

Smart contracts can enhance transparency and security in voting systems. Yet,
their adoption hinges on overcoming challenges related to voter acceptance, inte-
gration with existing systems, and regulatory concerns.

10. Government: Citizen Engagement, Integration, and Regulatory Landscape

Smart contracts could transform government operations, from digital identities
to automated public services. Yet, citizen acceptance, integration complexities, and
evolving regulatory frameworks pose substantial challenges.

In each sector, the potential benefits of smart contracts are undeniable. However,
the path to their widespread adoption is riddled with challenges that demand col-
laboration among technology developers, industry stakeholders, and regulatory
bodies. As smart contracts continue to evolve, finding solutions to these challenges
is essential in unlocking their transformative potential across industries.

4.1 Potential Benefits and Challenges of Smart Contracts
in Various Industries

A comparative overview of how smart contracts can revolutionize diverse indus-
tries, juxtaposed with the hurdles impeding their comprehensive adoption
(Table 5.1).

An exploration of how smart contracts hold transformative potential across
industries, countered by challenges necessitating collaborative solutions among
stakeholders and regulatory bodies.



86

D. Dhillon et al.

Table 5.1 Potential benefits and challenges of smart contracts in various industries

Industry Potential benefits of smart contracts | Challenges and limitations
Food Traceability, reduced fraud Integration, data sharing complexity
Real estate Streamlined transactions, reduced | Legal hurdles, lack of standardization
intermediaries
Insurance Claims processing, policy Integration, regulatory compliance
management
Identity Secure & decentralized identity Adoption, interoperability
management
Gaming Transparency, fairness Limited adoption, regulatory
constraints
Energy Automated trading, accountability | Industry adoption, legacy system
integration
Healthcare Patient data sharing, drug Adoption, integration within healthcare
traceability ecosystem
Shipping Streamlined operations Industry acceptance, regulatory
challenges
Voting Transparency, security Adoption, integration, regulatory
concerns
Government Digital identities, automated Citizen engagement, integration,
services regulatory landscape

4.2 High-Risk Factors and Mitigation Strategies
Across Industries

A comprehensive overview of high-risk factors inherent in various industries,
accompanied by potential mitigation strategies to address these challenges effec-
tively (Table 5.2).

A proactive examination of high-risk factors across industries, coupled with stra-
tegic approaches to mitigate challenges and enhance the successful integration of
smart contracts while ensuring industry growth and security.

5 Vulnerabilities Within Smart Contracts

Smart contracts, hailed for their potential to streamline processes and foster trans-
parency, are not exempt from vulnerabilities that could jeopardize their integrity and
security. This section delves into several significant vulnerabilities that can materi-
alize within smart contracts, magnifying the necessity for robust security measures
and best practices in their development [8].

On 17 June 2016, a notable example occurred when a “Blackhat” hacker
exploited a vulnerability in The DAO’s smart contract, siphoning $150 million
worth of ETH [9]. This incident underscored the complexity of ensuring secure
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Table 5.2 High-risk factors and mitigation strategies across industries

Industry High-risk factors Mitigation strategies
Food Supply chain disruptions, counterfeit | Blockchain-based traceability, supplier
products verification
Real estate Property title disputes, fraudulent Blockchain-based property records,
transactions legal reforms
Insurance Mismanagement of claims, Automated claims processing,
regulatory non-compliance regulatory compliance
Identity Data breaches, lack of standardized | Decentralized identity solutions,
management protocols encryption
Gaming Security breaches, lack of player Enhanced cybersecurity measures, fair
protection play audits
Energy Market volatility, cybersecurity Smart contract-based energy trading,
vulnerabilities robust IT security
Healthcare Patient data breaches, Encrypted patient data storage,
interoperability issues standardized protocols
Shipping Cargo theft, logistical breakdowns IoT-enabled cargo tracking,
contingency planning
Voting Cyberattacks, voter manipulation Blockchain-based secure voting,
multi-factor authentication
Government Data privacy breaches, digital divide | Strong data protection policies, digital
inclusion initiatives

smart contracts due to intricate coding, decentralized collaboration, and potential
oversights. To navigate these challenges, best practices have emerged, encompass-
ing formal verification and standardized templates. While formal verification
employs mathematical proofs to assure code correctness, it is a time-consuming
process. Standardized templates, while reducing risks, might curtail customization
possibilities.

Among the vulnerabilities that plague smart contracts, the following are salient
(Fig. 5.2):

1. Re-entrancy Vulnerability: Unexpected Behaviour and Misuse of Funds

External contracts can exploit this vulnerability, potentially manipulating the
contract’s logic and misusing funds before the initial execution completes. Such
attacks can lead to financial losses and data breaches [10, 11].

2. Integer Overflow/Underflow: Unforeseen and Malicious Outcomes

Arithmetic operations exceeding maximum or minimum values can result in
unintended and potentially harmful consequences. Attackers might manipulate cal-
culations to gain unauthorized access or cause contract failures.

3. Unauthorized Access: Manipulation of Critical Information

Inadequate access restrictions to sensitive functions or data can allow unauthor-
ized parties to manipulate crucial information, undermining the confidentiality and
integrity of contract operations.
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4. Denial of Service (DoS): Contract Unavailability and Slowdown

Exploiting vulnerabilities within smart contracts can lead to excessive resource
consumption, causing unavailability or significant slowdown. This disrupts the con-
tract’s intended functionality.

5. Timestamp Dependency: Manipulation of Contract Logic

Contracts heavily reliant on block timestamps can be susceptible to manipulation
by miners, potentially distorting the execution logic and leading to unexpected out-
comes [11].

6. Unchecked External Calls: Exposure to External Malicious Contracts

Failure to validate and sanitize data from external contracts can expose a smart
contract to vulnerabilities, especially when interacting with malicious external
contracts.

7. Front-Running: Exploitation of Transaction Timing

Unscrupulous individuals exploit timing gaps between transaction submissions
and blockchain inclusion to manipulate contract status, compromising fairness and
security.

8. Insecure Code: Vulnerabilities Leading to Compromised Contracts

Code vulnerabilities like buffer overflows, SQL injections, or improper input
validation can compromise the security of smart contracts, enabling attackers to
compromise contract integrity [6].

Addressing these vulnerabilities demands meticulous code audits, rigorous test-
ing, and robust security practices. Professionals experienced in smart contract
development are crucial in this process, considering the nuanced intricacies of the
blockchain environment.
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However, the lack of standardized security protocols poses a significant chal-
lenge. Despite emerging best practices, the absence of consensus results in confu-
sion, inconsistency, and security gaps during the evolution phase.

In summation, secure smart contract development encounters challenges stem-
ming from intricate coding, decentralized collaboration, and potential oversights.
Best practices such as formal verification and standardized templates offer mitiga-
tion strategies [12]. Noteworthy vulnerabilities encompass re-entrancy, integer
overflow/underflow, unauthorized access, DoS attacks, timestamp dependency,
unchecked external calls, front-running, lack of access controls, poor randomness,
and insecure code. To ensure the credibility and reliability of blockchain technol-
ogy, adept professionals must conduct thorough audits and testing. Establishing
standardized security protocols is pivotal in achieving consistent security across
smart contracts, enhancing their potential to transform industries while maintaining
robust security measures.

6 Conclusion

This comprehensive study delves into the intricate landscape of smart contracts,
shedding light on their profound significance, vulnerabilities, and applications
across a wide array of industries. This journey reveals several overarching themes
that underscore the multifaceted nature of smart contracts within the realm of block-
chain technology.

An Integrated View of Smart Contracts.

Smart contracts offer the allure of efficiency, transparency, and automation, but
they also present a multifaceted tapestry where technology and economics inter-
twine. These digital agreements possess the potential to redefine traditional contract
practices and foster innovation across industries. Yet, to fully comprehend their
transformative capacity, it’s crucial to embrace a comprehensive perspective that
not only acknowledges their potential but also acknowledges the challenges
they pose.

Overcoming Challenges for a Transformed Tomorrow.

The path toward harnessing the complete potential of smart contracts is strewn
with challenges. Our exploration of vulnerabilities, spanning from re-entrancy
issues to insecure code, underscores the necessity for meticulous code audits, rigor-
ous testing, and robust security measures. Furthermore, our journey across various
sectors exposes the unique challenges each industry encounters when integrating
and adopting smart contracts, including regulatory barriers and intricacies of
integration.

Striking the Right Balance Between Innovation and Realism.

As we navigate the future landscape shaped by smart contracts, achieving a deli-
cate equilibrium between innovation and pragmatism becomes paramount. While
the allure of automation and efficiency is compelling, it must be accompanied by a
careful approach that addresses security vulnerabilities and respects the distinct
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regulatory frameworks of each sector. The desire for customization must be harmo-
nized with the imperative for standardized security protocols.

In the grand tapestry of technological progress, smart contracts emerge as
dynamic threads interweaving innovation and challenges. Their potential to revolu-
tionize industries is indisputable, yet so are the vulnerabilities they introduce. By
embracing a holistic viewpoint, confronting challenges collectively, and striking the
optimal balance between innovation and pragmatism, we stand at the precipice of a
transformed future. Smart contracts are more than just a technological concept; they
serve as a testament to our capacity to harness technology’s potential while uphold-
ing its integrity. As industries continue to evolve and smart contracts refine their
role, this journey signifies the dynamic interplay between human ingenuity and the
ever-evolving digital landscape.
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Chapter 6

Modernizing Healthcare Data
Management: A Fusion of Mobile Agents
and Blockchain Technology

Ashish Kumar Mourya, Gayatri Kapil, and Sheikh Mohammad Idrees

1 Introduction

Blockchain technology offers a significant advantage in the form of a timestamp
protocol within distributed networks. The peer-to-peer architecture holds its own
importance, wherein each node functions as both a server and a client. Information
within the network can be shared and broadcasted among connected nodes, with
authentication playing a pivotal role. A ledger retains comprehensive logs detailing
past and future events, while its interconnectivity across domains provides substan-
tial advantages over alternative systems. A prime example, Bitcoin’s blockchain
technology enables over 10,000 computer nodes to process transaction requests,
ensuring visibility to all connected nodes. Notably, the peer-to-peer structure elimi-
nates the vulnerability of a single point of network failure [1-3].

In the realm of healthcare, an updated and decentralized database assumes a
crucial role in facilitating interactions among diverse users seeking access to stored
information across shared networks [4-6]. Ethereum’s blockchain technology, in
conjunction with a US start-up program, has given rise to the Gem Health Network.
This innovative approach has proven pivotal within the healthcare sector, enabling
seamless access to shared information concerning various diseases and patients by
healthcare specialists. This ecosystem platform presents an opportunity for doctors,
businesses, and experts to collaborate effectively and promptly. Further ground-
breaking initiatives in healthcare, such as the collaboration between Guardtime and
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Estonia, emphasize the utilization of blockchain technology for patient and physi-
cian operations.

In traditional databases, a central node connects to all other nodes, and if this
central node were to fail, the entire network would go down. However, in a block-
chain, no central node exists; instead, nodes are interconnected in a chain-like struc-
ture. This design means that if one node fails, the overall network remains unaffected.
While traditional databases offer functions like read, write, and delete — which are
crucial in cases such as insurance claims — blockchain operates differently. Data in
a blockchain cannot be altered; it can only be created or read. Consequently, the risk
of fraud through data modification is eliminated. Moreover, traditional databases
often incur high costs, discouraging the storage of redundant data. In contrast, each
block in a blockchain contains the entire dataset, ensuring zero data loss. This char-
acteristic renders it suitable for applications requiring comprehensive record-
keeping. The electronic storage nature of blockchain also ensures data safety,
preventing physical damage or misplacement. Every transaction within a block-
chain is time stamped, recording the creation and modification date and time of each
block. This feature simplifies the identification of re-targeted blocks.

In a traditional database system, administrators can alter data ownership.
Conversely, in blockchain, only the block’s owner can change ownership, and such
changes are traceable. This attribute enhances the storage of critical information.
Furthermore, blockchain secures data through cryptography. Information is stored
in encrypted form, accessible only to individuals possessing the private key. This
approach guarantees network information security and ensures that only authorized
individuals can access it [7, 8].

Mobile agents are dynamic entities that operate within distributed networks.
They possess the ability to move freely within the system, pausing and resuming
operations at will. Even if network connectivity is lost, mobile agents retain the
capacity to roam and return to their source once connectivity is reestablished.
Therefore, mobile agents can effectively operate within a blockchain network to
access data without being affected by node connectivity disruptions.

Cloud computing constitutes a pooled resource and employs a multi-tenancy
architecture for storage, connectivity, and capacity. However, this architecture’s pri-
vacy risk encompasses potential failures in mechanisms for segregating storage,
memory, routing, and reputation among various users sharing the infrastructure.
The centralization of backups, storage, and pooled data warehouse space exposes
centralized computing users to a higher risk of unauthorized access and leakage of
private and sensitive information [10].

2 Related Works

Minimizing costs and enhancing facilities have become a crucial organizational
requirement. A cloud-based medical data processing platform was proposed by
[11], employing Big Data processing tools. This initiative involved the storage of
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data within a cloud environment, aggregating information from distributed nodes.
The inventor utilized web-based search techniques to facilitate data retrieval.
Additionally, patient data analysis was conducted to discern patterns and diagnose
diseases with remote expert assistance. In the realm of healthcare industries, the
generation of multi-source unstructured data has posed challenges. Addressing the
heterogeneity prevalent in unstructured data, [12] delved into the domain of tele-
medicine. Their solution introduced a novel architecture aimed at collecting patient
diagnostic information within a cloud-based application, subsequently storing this
data for future predictive analysis.

Further contributions include the proposition of an E-health application based on
a cloud platform by [13], termed Remote Telemetry Units. This application lever-
ages IoT-based sensor techniques to capture data and employs Big Data methodolo-
gies for processing medical information. A noteworthy approach, put forth by
researchers in [15], introduces a context-aware model capable of delivering multi-
party services within diverse and mobile environments. This architectural model
boasts the ability to dynamically switch networks according to current conditions,
ensuring the seamless delivery of multimedia streaming content across varied
networks.

These researchers offered a proficient context-aware system to minimize energy
consumption in electronic communication devices [16]. They have designed a simu-
lated battery consumption model funded by Nokia Energy Profiler tool to investi-
gate the battery consumption based on multiple sensing devices configuration and
background. With the simulation model, context-aware approaches examine to
resolve and optimize energy consumption at various levels.

The patient’s data collection information application model has been proposed
by [17] in healthcare organization based on cloud computing technology, which
exchanges the health-related data in the cloud storage for processing and distribu-
tion. This proposed model is still sprouting, but this model supports and provides
facilities for one client or single institutional access and normally has a massive cost
to integrate computing, information, or communication exchanges from outside of
the cloud, particularly the mobile segment of the overall system.

In healthcare sector, agent-based techniques are deploying exponentially,
although, there are several agent-based solutions for interoperability among health
information system [18]. Isern et al. [19] propose multi-agent system architecture
and knowledge representation technique to allow the enactment of clinical guide-
lines. Lanzola [20] introduces a methodology for the expansion of interoperable
agents to be implemented in healthcare model. Tyson et al. [21] propose an agent-
based application for employment in clinical trials, and these researchers demon-
strate that the agent-based model has numerous potentialities over the centralized
architecture. Kim et al. [22] proposes an approach for designing and deploying
union mobile agents (UMAS) to extend ubiquitous healthcare. Kaluza [23] divulges
a multi-agent system that serves aged people, checking falls and topping out defi-
ciencies through an intelligent environment augmented by sensing devices.
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3 Mobile Agents for Blockchain Technology

Mobile agents are run-time entities based on software agents that work on distrib-
uted networks. These agents play an important role on unreliable networks. The
deployment and usage of agents provided many advantages like diminution of net-
work traffic and latency, fault tolerance, inducing robustness, filtering, and remote
searching. It has the ability of being autonomous and moves freely crosswise in an
uninformed system, halts, and resumes at any time. The mobile agents can work in
an asynchronous mode. These characteristics of mobile agents make them efficient
to work on unreliable and low bandwidth networks. Even if networks lost their con-
nectivity, mobile agents have sufficient privileges to work on roam and come back
to their source once node got connection. Mobile agents have the ability to migrate
from one location to another. They utilize less bandwidth on Internet. Mobile agents
have been used in e-commerce business to save time and eliminating fraud transac-
tion on a network [9]. Many mercantile and electronic transactions require access to
assets in real time. The capability of a mobile agent to incarnate their creator’s
intentions and to act and bargain on behalf of them makes it well suited for online
trading. We have used mobile agents to store information send them to the different
clients who needs it.

Mobile agents have the capability to move over the distributed networks. We
have proposed a framework where a mobile agent fetches the prediction of disease-
related information over the networks and spread them over the connected nodes.
Researchers currently use blockchain technology and machine learning techniques.
This kind of architecture has a significant role where hybrid technology can be used
for providing a new solution to the medical industries. The purpose of machine
learning with blockchain technology and mobile agents is a new concept. Every
single processed information through machine learning techniques will be spread
over the broadcast network, and clients requiring access to specific information can
retrieve it through authentication. The mobile agents also have durability. If a client
has been disconnected from network, the mobile agents will be delivered the infor-
mation after the client got connectivity again over the network. One major advan-
tage of using mobile agents with blockchain technology is that it works as an
agent [14].

In the healthcare industry, the integration of mobile agents and blockchain tech-
nology holds promising potential for enhancing pharmaceutical processes. Within
the pharmaceutical sector, the utilization of agents becomes invaluable for tasks
ranging from promotional endeavors to efficient drug delivery. By leveraging
mobile agents, we can streamline drug delivery logistics and establish robust trace-
ability mechanisms. Moreover, this approach offers a viable solution to curbing the
challenge of counterfeit drugs, ensuring the integrity of pharmaceutical supply
chains. Furthermore, the convergence of mobile agents and blockchain technology
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opens the door to novel collaborations among healthcare professionals, researchers,
and patients. This collaborative environment facilitates tailored and individualized
patient care. The seamless maintenance and accessibility of electronic health records
within this network of healthcare providers can lead to improved prescription
accuracy and holistic solutions for patients.

In the ever-evolving landscape of healthcare, the application of machine learning
techniques for disease prediction stands as a pivotal focus. The synergy between
mobile agents and blockchain technology enhances this facet by contributing to the
accuracy of predictive models and facilitating the integration of diverse data sources.
The healthcare and medical diagnosis domains have borne witness to the substantial
impacts of mobile agents and blockchain technology, underscoring their signifi-
cance in revolutionizing patient care and diagnostic practices.

4 Proposed Model Based on Mobile Agents

Blockchain technology is a peer-to-peer networking platform that works with the
Internet protocols. Blockchain has ability to store and records every transaction,
which has completed the entire necessary requirement in the distributed environ-
ment. The information is stored in a shared platform, but its content may be acces-
sible through permission or privilege right to gathered data. The blockchain
technology has its own protocols that contain log information about client, time-
stamp, and crypto-graphical information. The digital signature makes the authenti-
cation process more secured. If the networking protocol has been broadcasted over
the network, it can be visible to all the connected nodes but accessible by those for
which it has been generated. These information are generated in form of block, and
it will be added with other blocks that are already available in the form of logs.

This endeavor introduces a healthcare database processing system rooted in
blockchain technology, fortified with the capabilities of mobile agents. These agents
exhibit a range of qualities, including cross-platform compatibility and adaptability
to dynamic heterogeneous environments. This amalgamation aims to establish a
secure and dependable ecosystem for processing healthcare information, catering to
Medicare services. The resulting architecture significantly enhances the conve-
nience of health record searches and data queries, offering a seamless and efficient
experience.

This framework comprises three distinct components. The first segment encom-
passes the Client Authentication process, ensuring secure user verification. The sec-
ond segment revolves around the migration of mobile agents, showcasing their
dynamic movement within the system. The final component elucidates how the
cloud facilitates the storage and processing of healthcare information, underscoring
its pivotal role in the framework.
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4.1 Client Authentication Process

The Client Authentication process assumes a pivotal role within the proposed archi-
tecture, serving as a cornerstone. Diverse user categories, including Doctors,
Patients, and medical service users, benefit from the cloud environment, enabling
seamless information storage and access from any location. This accessibility is
facilitated through individualized login credentials, ensuring secure entry points.
The System Administrator wields comprehensive privileges, retaining the authority
to modify or revoke rights if users fail to meet prerequisites or engage in unauthor-
ized activities, thereby safeguarding the system’s integrity.

The verification procedure entails the allocation of a unique identifier to clients,
fortified by encryption and decryption technologies, bolstering authentication.
Central to this mechanism is the registration of all mobile agent systems within the
primary server, establishing a controlled network. Exclusive task assignment
becomes possible post thorough client verification and validation, thus maintaining
stringent access controls (Figs. 6.1 and 6.2).

4.2 Migration of the Mobile Agents

In this envisioned architecture, clients leverage web-based mobile agents to process
healthcare information sourced from external origins and remote locations, as
depicted in Fig. 6.3. Before a mobile agent embarks on its designated task, it must
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undergo a stringent authentication process. Furthermore, the mobile agent is
required to carry its authentication throughout its lifecycle as it traverses from one
system to another, ensuring seamless acquisition of client information. Initially,
mobile agents engage in data collection, extracting information from their respec-
tive clients, and subsequently transmitting it to a cloud-based repository utilizing
blockchain technology. Within this architecture, each node maintains an individual
hash history, contributing to enhanced security measures. Transactions are securely
executed through data encapsulation techniques, with a significant role played by
the public and private key mechanism, reinforcing data integrity.

Consider a scenario in which a patient possessing a pre-existing medical history
seeks admission to a specific Outpatient Department (OPD) within a particular
clinic. The specialist doctor within that department exercises their access privileges,
entrusting a mobile agent with the task of retrieving the patient’s medical history.
Upon receiving the assigned task, the mobile agent initiates the collection of the
patient’s historical data from other hospital systems or collaborates with other
mobile agents based on the prevailing strategy. Notably, the mobile agent retains its
operability even in instances of low or disrupted communication network speeds,
thereby rendering it suitable for environments susceptible to information loss, as
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illustrated in Fig. 6.2. This resilience underscores the adaptability of the mobile
agent in challenging communication conditions.

4.3 Warehouse Based on the Cloud Technology

The cloud computing environment is comprised of an array of interconnected serv-
ers hosted online via the Internet. These servers offer organizations a range of ser-
vices, including data storage, management, and processing. However, the reliance
on cloud service providers introduces significant security concerns. Cloud technol-
ogy provides a shared, customizable, and easily accessible resource pool, requiring
minimal effort for interaction and management.

Within the healthcare sector, the utilization of a cloud-based warehouse holds
immense significance. Both public and private cloud configurations can be har-
nessed for this purpose. Clients gain the ability to access data remotely, tailored to
their specific requirements. Each node within the proposed model adheres to decen-
tralized protocols, ensuring a distributed and resilient network.

Nodes associated with patients store a comprehensive set of data, encompassing
prescriptions, medical history, family background, test results, and medications.
This data can be shared with insurance providers for insurance claims and with doc-
tors for accurate treatment. Simultaneously, insurance providers maintain datasets
that encompass policy details, government regulations, insured individuals’ particu-
lars, and financial records.

Furthermore, domain expert nodes house intricate patient medication details.
The proposed model establishes robust connectivity among critical components
within the healthcare sector, yielding substantial benefits to the entire industry. As a
cohesive and interconnected framework, this model holds the potential to revolu-
tionize the healthcare landscape.

5 Results and Experiments

The proposed research has used a private Ethereum network with a custom genesis
block to allocate ethers crypto currency to all the mobile agents. On the other hand,
for mobile agents, [27] has been used to emulate the network of nodes. These mobile
agents have traveled into the network with blockchain transaction and stored infor-
mation about the generated route.

The experiment has been performed using a fully connected network created
using different nodes [27]. From Table 6.1, we have observed that on an average, as
the agent increases, the time consumed for detection of fault decreases. This is
because with more mobile agents the chances of reporting must be high. Due to
randomly generating characteristics of mobile agent, detection time will be not con-
stant. The proposed study has noticed that there was a variance between number of
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Table 6.1 Detection time and transaction time

Mobile agents generated Time of detection (sec) Block size Transaction time
3 93 300 20
5 86 600 36
6 63 900 43
9 56 1200 59
12 39 1500 66
- - / )
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Fig. 6.4 Transaction time of blockchain

mobile agents and time of detection (Fig. 6.3). The detection time was low with the
maximum numbers of agents. On the other hand, there was sudden increase with the
maximum number of blocks (Fig. 6.4).

5.1 Algorithm for Generating Blockchain

This study has used R Studio for generating blockchain for simulating our pro-
posed work.
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Library (Rbitcoin)

now=Sys.time ()

blocknumber 1 <- list (number = 1,
timestamp = now,

data = "Ashish",

parent = NULL)

blocknumber 2 <- list (number = 2,
timestamp = now,
data = "Shafgat",
parent address = 1)
blocknumber 3 <- list (number = 3,
timestamp = now,
data = "Majid",
parent address = 2)
Implement blockchain = list (blocknumberl, blocknumber?2,
blocknumber3)

Call blockchain[[2]]

5.2 Algorithm for Generating Hash for Blockchain

hash block<- function (block)

{

blockS$new hash<- digest (c(block$index,
block$timestamp,

block$data,

block$previous hash), "spookyhash")
return (block)

}

5.3 Algorithm for Generating and Migrating Mobile Agent

public interface Mobile extends
java.io.Serializable
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{
public void go(java.net.URL dest)
throws
com.ibm.aglet.RequestRefusedException,
edu.ohio state.cis.brew.MoveRefusedException,
java.io.IOException;...

}
public class AgentImpl extends
MobileObject implements Agent

{

int a;

public AgentImpl ()

{/* init code */}

public void foo (int x)

throws AgletsException

{ BC; }

}
protected class Foo extends Frame

{

int %, y, progCounter = 0; Object trgt;
void setPCForMove ()

{ ...}
void run ()

{

try
{ ...AgentImpl.this.request read();
if ((progCounter == 0))

{
progCounter+=1; BC1l
}
AgentImpl.this.read accomplished();
AgentImpl.this.request read();
if ((progCounter == 1))
{
progCounter+=1; BC2
}
AgentImpl.this.read accomplished();
} catch (AgletsException e)
{ ...}
}oo.o}

5.4 Comparison of Proposed Model with Existing Models

The proposed approach exhibits notable advantages in comparison to previous
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Table 6.2 Comparison of proposed model

Research | Type of data Fault
work used Challenge addressed tolerance | Scalability | Authentication
Zhang Electronic Interoperability, access No No Yes
etal. [24] | health control, data integrity

records
Shan et al. | Electronic Access control, No Yes No
[25] health interoperability

records
Tanwar Electronic Access control, No No Yes
etal. [26] | health interoperability

records
Proposed | Electronic Interoperability, access Yes Yes Yes
model health control, data integrity, fault

records tolerance, reconnection

models, as depicted in Table 6.2. This study undertook a comprehensive compari-
son, considering aspects such as interoperability, data integrity, and fault tolerance.
The standout attribute of our proposed model is its exceptional fault tolerance capa-
bility. Mobile agents possess the inherent ability to regenerate from where they were
paused or even reconstitute themselves in the event of destruction caused by discon-
nectivity. This inherent resilience enhances the robustness of the proposed model.

6 Conclusion

In conclusion, blockchain technology presents a promising solution to address chal-
lenges within the medical and healthcare sectors, exemplified by its utilization in
e-health records and nationwide data interoperability. Nonetheless, the implementa-
tion of this technology on a larger scale within healthcare necessitates further
research and experimentation to establish a secure foundation. While the theoretical
potential of blockchain has been acknowledged in recent years, its practical applica-
tion is still evolving. The significance of data cannot be overstated; it pervades every
aspect of our lives, enabling us to predict individuals’ medical histories and condi-
tions. This study introduces a novel framework employing blockchain technology
and mobile agents to enhance prediction markets and the healthcare industry. The
amalgamation of blockchain and mobile agent architecture offers heightened secu-
rity and durability. By aggregating predictive outcomes from diverse nodes through
mobile agents, a resilient structure is achieved. Mobile agents, with their ability to
traverse distributed networks, serve as a conduit for storing machine learning results.
Their autonomy to move within the system, pause, and resume operations, even dur-
ing network disruptions, underscores their resilience. Thus, integrating mobile
agents into the blockchain network facilitates uninterrupted data access, resilient to
node connectivity disruptions.
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Future endeavors will focus on minimizing deployment costs and streamlining

network synchronization challenges. The symbiotic characteristics of blockchain
and mobile agents promise a robust and secure model that ensures data security
mechanisms, authentication, and integrity checks for online data.
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Chapter 7

Machine Learning Approaches

in Blockchain Technology-Based IoT
Security: An Investigation on Current
Developments and Open Challenges

P. Hemashree, V. Kavitha, S. B. Mahalakshmi, K. Praveena, and R. Tarunika

1 Introduction

In the contemporary interconnected landscape, merging blockchain technology
with the Internet of Things (IoT) has surfaced as a potential remedy to tackle the
significant security challenges linked with IoT systems. As the adoption of IoT plat-
forms continues to grow across various domains, including healthcare, smart cities,
and industrial automation, the necessity for strong security measures is of utmost
importance. The decentralized and immutable nature of blockchain technology
offers a potential solution by providing a tamper-resistant and transparent frame-
work for data integrity and transaction verification.

However, despite the inherent security advantages of blockchain, IoT systems
still face numerous challenges, ranging from device vulnerabilities and data integ-
rity to privacy concerns and scalability issues. To further enhance the security pos-
ture of blockchain-based IoT systems, researchers have turned to machine learning
algorithms as a complementary approach. By leveraging the power of machine
learning, these systems can learn from vast amounts of data, detect anomalies, and
identify potential threats in real time, ultimately strengthening the overall security
framework.

This chapter aims to investigate the current developments and open challenges in
the intersection of machine learning, blockchain technology, and IoT security. We
will begin by providing an outline of blockchain technology, IoT, and the role
of machine learning algorithms in enhancing security. Understanding the
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fundamentals of these technologies will set the stage for exploring their integration
and the potential benefits they bring to IoT security.

Next, we will delve into the existing literature to identify relevant articles that
have employed machine learning-based blockchain technology in IoT security. By
reviewing these studies, we can gain insights into the practical implementation,
effectiveness, and limitations of the proposed approaches. This analysis will pro-
vide a comprehensive understanding of the cutting-edge methods and their applica-
bility in different IoT use cases.

Furthermore, this chapter will highlight the current developments in machine
learning approaches for blockchain-based IoT security. We will examine real-world
case studies and use cases that showcase the successful integration of machine
learning algorithms with blockchain technology to mitigate security risks in IoT
systems. By studying these implementations, we can better understand the potential
benefits and challenges associated with deploying such solutions in practice.

Lastly, we will address the open challenges and identify potential improvements
that can be focused on for further study. This includes scalability and performance
issues, privacy concerns, interoperability, standardization, and ethical consider-
ations. By acknowledging these challenges, we can provide insights for future
research directions and pave the way for the adoption of machine learning approaches
in securing IoT systems built on blockchain technology.

In summary, this chapter intends to provide a valuable contribution to the ongo-
ing discussion regarding the intersection of machine learning, blockchain technol-
ogy, and the security of IoT systems. By investigating the current developments,
challenges, and potential improvements, we can provide researchers, practitioners,
and policymakers with valuable insights and recommendations to enhance the secu-
rity posture of IoT systems in the era of blockchain technology.

1.1 Background and Motivation

The rapid proliferation of IoT devices and the increasing reliance on blockchain
technology for secure and transparent transactions have transformed various indus-
tries [51, 54]. However, the security vulnerabilities associated with IoT systems
have posed significant challenges, making them attractive targets for cyberattacks
[15]. The decentralized nature of blockchain technology presents an opportunity to
improve the security of IoT systems by ensuring data integrity, immutability, and
decentralized consensus [12, 40].

Machine learning, with its ability to learn patterns, detect anomalies, and make
intelligent decisions from large datasets, has emerged as a powerful tool for enhanc-
ing security across various domains [35]. Within the framework of IoT systems
based on blockchain technology, machine learning algorithms can play a vital role
in detecting and mitigating potential threats, identifying patterns of behavior, and
enhancing anomaly detection capabilities [13, 5].
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The driving force behind this chapter is rooted in the necessity to delve into the
intersection of machine learning, blockchain technology, and the security of IoT
systems. By investigating the current developments and open challenges in this
area, we aim to shed light on the potential benefits, limitations, and practical impli-
cations of integrating machine learning algorithms with blockchain technology for
IoT security.

Understanding the current state of machine learning approaches in blockchain-
based IoT security is crucial for researchers, practitioners, and policymakers to
make informed decisions and develop effective security strategies [4]. This book
chapter aims to connect the gap between theoretical concepts and practical imple-
mentations, providing insights into real-world use cases, case studies, and the asso-
ciated challenges.

Moreover, this chapter seeks to identify potential improvements and research
directions to address the limitations and open challenges in utilizing machine learn-
ing for enhancing the security of IoT systems built on blockchain technology. By
addressing scalability, privacy, interoperability, and ethical considerations, we aim
to foster the development of robust and secure solutions that can be readily imple-
mented in [oT environments.

Overall, the background and motivation for this chapter stem from the need to
explore and understand the current landscape of machine learning approaches in
blockchain-based IoT security. By investigating the state-of-the-art techniques,
identifying challenges, and providing future research directions, this chapter aims to
contribute to the advancement of secure IoT systems and the utilization of machine
learning algorithms in conjunction with blockchain technology.

1.2 Objectives and Scope

The objectives of this book chapter are as follows:

(i) To provide an outline of blockchain technology, IoT, and machine learning
algorithms in the context of security, establishing the foundation for under-
standing the amalgamation of these technologies in IoT systems.

(i1) To investigate relevant articles and studies that have utilized machine learning-
based blockchain technology for IoT security, examining their effectiveness,
limitations, and practical implications.

(iii) To explore the current developments in machine learning approaches for
blockchain-based IoT security, showcasing real-world case studies and use
cases that highlight successful implementations.

(iv) To identify and discuss the open challenges associated with using machine
learning in blockchain-based IoT security, including scalability, privacy con-
cerns, interoperability, standardization, and ethical considerations.



110 P. Hemashree et al.

(v) To provide recommendations for future research directions and potential
improvements in the field, addressing the identified challenges and fostering
the development of robust and secure solutions.

The scope of this chapter encompasses the intersection of machine learning,
blockchain technology, and IoT security. It explores the current developments, chal-
lenges, and opportunities in utilizing machine learning approaches to improve the
security of IoT systems built on blockchain technology.

This chapter focuses on examining the integration of machine learning algo-
rithms with blockchain technology in the context of IoT security. It discusses the
practical implementations, effectiveness, and limitations of these approaches
through a review of relevant articles and studies. Real-world case studies and use
cases are analyzed to understand the application of machine learning in securing
IoT systems using blockchain technology.

While the chapter provides understanding of the most advanced techniques avail-
able, it also recognizes the open challenges and constraints that need to be addressed.
It addresses scalability, privacy, interoperability, standardization, and ethical con-
siderations as key challenges in deploying machine learning approaches in
blockchain-based IoT security.

The chapter concludes with recommendations for future research, highlighting
potential areas of improvement and suggesting avenues for further exploration to
overcome the identified challenges.

2 Overview of Blockchain Technology and IoT Security

2.1 Blockchain Technology Fundamentals

Blockchain technology represents a decentralized and distributed ledger system
designed to enable secure and transparent transactions between multiple partici-
pants, eliminating the necessity for intermediaries [40]. Figure 7.1 illustrates the
formation of a blockchain using three blocks. It operates through a chain of blocks,
with each block containing a set of verified and timestamped transactions [54]. The
fundamental characteristics of blockchain technology include immutability, trans-
parency, decentralization, and cryptographic security [11].

Genesis block Prev block Prev block Prev block Prev block
Transactions Transactions Transactions Transactions
Block 1 Block 2 Block 3 Block 4 Block 124392

hash / block id

Fig. 7.1 Three blocks forming a chain
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Consensus mechanisms play a crucial role in ensuring agreement on transaction
validity and preventing malicious activities within a blockchain network. The Proof
of Work (PoW) consensus mechanism, where participants contend to solve complex
mathematical puzzles, is widely used in popular blockchain networks like Bitcoin
[40]. Further, consensus mechanisms such as Proof of Stake (PoS) and Delegated
Proof of Stake (DPoS) have gained traction due to their energy efficiency and scal-
ability advantages [37, 63].

Smart contracts are programmable and automated contracts that can be deployed
on blockchain networks. They operate based on predefined rules and conditions,
enabling automation, reducing the need for intermediaries, and enhancing the effi-
ciency and transparency of transactions [6].

Working of Blockchain
The sequence actions performed while working with blockchain [40] is as repre-
sented in Fig. 7.2.

The working of the blockchain is as follows:

(1) First under participants and nodes, there exists multiple participants that are
often referred to as nodes, which join the network voluntarily. Every partici-
pating node possesses a duplicate of the complete blockchain ledger.

(i1) In the transaction creation, the participants initiate transactions by creating
and digitally signing them. Transactions can represent various types of data
such as financial transfer, contracts, assets ownership, or any other relevant
information.

(iii) In the transaction propagation, once the transaction is created, it is transmit-
ted across the network. Nodes receive the transaction and validate its authen-
ticity and integrity.

(iv) In transaction validation, nodes independently verify the validity of each
transaction using predefined rules and criteria. This validation process ensures
that transactions comply with specific consensus rules, such as verifying digi-
tal signatures, checking available funds, or executing smart contract
conditions.

(v) In pending transactions and mining, the validated transactions are added to a
pool of pending transactions, waiting to be included in a new block. Miners,
who are special nodes in the network, contest to solve a cryptographic puzzle
or perform a consensus algorithm to secure the next block.

(vi) In block creation, the miners gather a set of pending transactions from the
pool and create a new block. The block comprises a header and a list of trans-
actions. The header encompasses metadata like a timestamp, a reference to

Link to Add Block
Previous

block

Add Data
to Block

Get Data to
Blockchain

Fig. 7.2 Working of blockchain
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the previous block’s hash, and a nonce (a random number used in the proof-
of-work process).

(vii) In consensus and block validation, the newly created block is propagated
throughout the network. Other nodes verify the block’s validity, including the
correctness of the proof-of-work or consensus algorithm. If the block is valid,
it is accepted and added to each node’s copy of the blockchain.

(viii) Inlinking blocks, the accepted block becomes the latest addition to the block-
chain. It includes a reference to the hash of the preceding block, effectively
forming a chain of blocks. This linkage guarantees the immutability and
truthfulness of the blockchain. Modifying the data in any block would require
altering subsequent blocks and gaining control of the majority of the net-
work’s computational power.

(ix) Inconsensus and trust, as new blocks are added to the chain, consensus mech-
anisms ensure that all participants approve on the state of the blockchain. The
decentralized nature of blockchain permits trust to be distributed among the
participants rather than relying on a central authority.

(x) Indatareplication and synchronization, nodes in the network constantly share
information to maintain a synchronized and consistent copy of the block-
chain. Any changes to the blockchain, such as the addition of new blocks or
updates to transaction history, are propagated across the network to keep all
copies up to date.

2.2 Internet of Things (IoT)

Introduction to IoT

The Internet of Things (IoT) has gained significant prominence in various fields,
transforming the way devices connect and communicate. However, as the adoption
and advancement of IoT continue to accelerate, ensuring robust security has become
a critical imperative. To address this challenge, the incorporation of blockchain
technology with IoT has emerged as a possible solution, offering enhanced security
and data integrity. This chapter aims to delve into the potential of blockchain in
bolstering security within IoT systems.

IoT is arapidly evolving technology that enables the seamless interconnection of
diverse devices over the internet. Its development is an outcome of the convergence
of technologies such as Radio Frequency Identification (RFID), wireless communi-
cation, and sensor networks. This architecture has been widely embraced by indus-
tries, unlocking new opportunities for revenue generation and operational
efficiency [20].

Blockchain technology, most commonly associated with cryptocurrencies, pro-
vides a secure and decentralized framework for storing and tracking a vast number
of transactions involving users and devices. By harnessing the potential of block-
chain, IoT systems can benefit from enhanced security, privacy, and data integrity,
mitigating potential vulnerabilities and threats [9].
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The essence of IoT lies in the interconnectedness of various communication net-
works, allowing devices to interact and exchange data seamlessly through the inter-
net. This connectivity brings forth numerous advantages, including improved
automation, advanced data analytics, and operational efficiency, revolutionizing
industries such as healthcare, manufacturing, and transportation [4].

Architectural View of IoT

The Internet of Things (IoT) encompasses a vast array of heterogeneous and large-
scale terminal devices, facilitating their interconnectedness and communication.
The architecture of IoT applications ideally consists of three layers: the things layer,
the cloud layer, and the edge layer [4].

While the IoT architecture lacks a standardized structure, it is commonly catego-
rized into either four or five layers. In the four-layered IoT architecture, the layers
include the business layer, support layer, communication layer, and perception
layer. The communication layer ensures the reliable transmission of information
between different layers and encompasses sublayers such as application, session,
transport, network, MAC, and physical layers. The support layer enhances the func-
tionality of other layers by providing computing services and storage facilities, with
fog/edge and cloud computing serving as key technologies within this layer. The
business layer incorporates software applications that align with industry require-
ments and user specifications [52].

The things layer accommodates a diverse range of heterogeneous devices,
including sensors and actuators. These end-terminal devices combine physical com-
ponents that interact with the physical world and cyber components that establish
connectivity and storage capabilities. These devices vary in specifications, such as
computation power, power supply, and reporting capabilities. For instance, smart
meters are capable of executing complex computations, while smart bulbs are lim-
ited to simpler tasks. Most devices within the things layer are resource-constrained
and operate under limited energy, making them unsuitable for resource-intensive
operations [47].

The cloud layer represents a robust layer with abundant resources that can sup-
port intricate computing tasks. It can extract information from extensive data stor-
age and perform advanced computations, such as distributed intrusion detection.
Conversely, the edge layer, also referred to as the gateway or fog layer, acts as a
bridge between the resource-limited things layer and the resource-rich cloud layer.
The edge layer holds significant importance within the IoT architecture, as devices
in this layer are directly connected to physical things or are only a few hops away.
Edge devices often possess ample resources, including storage, power supply, and
computing power [53].

Each layer within the IoT architecture possesses distinct characteristics that ren-
der it indispensable. Proper organization and collaboration among these layers are
crucial for building a cohesive and efficient IoT system.

IoT Security Challenges
The swift propagation of IoT devices has introduced numerous security challenges.
IoT devices are recurrently resource-constrained, lacking robust security measures,
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and are prone to various vulnerabilities. Some of the crucial security challenges in
IoT systems include the following:

(a) Device Vulnerabilities: 10T devices may have weak authentication mecha-
nisms, outdated firmware, or insecure communication protocols, making them
susceptible to attacks [31].

(b) Data Integrity and Privacy: Ensuring the integrity and privacy of data gener-
ated and communicated by IoT devices is crucial. Unauthorized access, data
tampering, and privacy breaches pose significant risks [15].

(c) Scalability: The sheer number of IoT devices in large-scale deployments makes
it challenging to manage security across the network effectively [36].

(d) Interoperability: Different IoT devices and platforms often use different com-
munication protocols and data formats, leading to interoperability challenges
and potential security gaps [50].

(e) Distributed Denial of Service (DDoS) Attacks: 10T devices can be conceded
and used as part of botnets to introduce DDoS attacks, causing service disrup-
tions and affecting system availability [25].

2.3 The Role of Blockchain in IoT Security

Blockchain technology offers several potential advantages in addressing IoT secu-
rity challenges:

(a) Data Integrity and Immutability: The tamper-resistant nature of blockchain
warrants the integrity and immutability of data. Transactions logged on the
blockchain cannot be altered, providing a trustworthy source of informa-
tion [54].

(b) Decentralized Trust: The decentralized nature of blockchain disregards the
need for a central authority, plummeting the risk of single points of failure and
enhancing trust among IoT devices [12].

(c) Secure Data Exchange: Blockchain facilitates secure peer-to-peer transactions
and data exchange between IoT devices without the need for mediators, reduc-
ing vulnerabilities associated with centralized servers [69].

(d) Enhanced Identity and Access Management: Blockchain-based identity man-
agement systems allow secure and verifiable authentication and access control
for IoT devices [10].

(e) Auditability and Transparency: The transparent nature of blockchain enables
auditing and traceability of IoT transactions, making it easier to detect and
investigate malicious activities [9].
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Integrating blockchain technology with IoT security can provide a more robust and
resilient security framework. However, challenges related to scalability, privacy,
and interoperability require attention to effectively leverage blockchain technology
in IoT security applications. Machine learning algorithms can complement block-
chain technology by providing intelligent threat detection, anomaly detection, and
pattern recognition capabilities, thereby further enhancing the security of IoT
systems.

3 Machine Learning Techniques for IoT Security

3.1 An Overview of Machine Learning in IoT Security

Machine learning algorithms can be trained on large datasets to absorb patterns and
identify abnormal behavior in IoT networks. They can analyze various types of data,
including network traffic, device behavior, and sensor readings to detect potential
threats and intrusions [33].

Supervised learning algorithms, such as Support Vector Machines (SVM),
Random Forests, and Neural Networks, can be used to categorize [oT data into dif-
ferent classes, such as normal or malicious behavior. Unsupervised learning algo-
rithms, such as clustering algorithms and anomaly detection techniques, can detect
anomalies in IoT data without the need for labeled training data. In Fig. 7.3, the
significance of machine learning in enhancing IoT security is vividly depicted.

Threat Detection
and Prevention

ML for
loT
Security

Intrusion Anomaly
Detection Detection

Fig. 7.3 Machine learning for IoT security
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3.2 Machine Learning-Based Threat Detection and Prevention

Machine learning algorithms can analyze network traffic patterns to identify poten-
tial threats and prevent attacks in real time. By training on historical data, these
algorithms can learn to recognize known attack patterns and flag distrustful activi-
ties. Intrusion Detection Systems (IDS) and Intrusion Prevention Systems (IPS) can
be enhanced using machine learning techniques to identify and mitigate attacks
targeting [oT systems [15].

3.3 Anomaly Detection in IoT Networks Using
Machine Learning

Anomaly detection methods are employed to identify unusual behavior or outliers
in IoT networks. Machine learning algorithms, such as One-Class SVM,
Autoencoders, and Isolation Forests, can learn the normal behavior of IoT devices
and detect deviations from the expected patterns. This approach enables the detec-
tion of previously unknown attacks or abnormal activities that may not fit predefined
rules or signatures [56].

3.4 Machine Learning for Intrusion Detection in IoT

Machine learning algorithms can be trained to detect specific types of attacks, such
as Distributed Denial of Service (DDoS) attacks or device spoofing. By analyzing
network traffic, communication patterns, and device behavior, these algorithms can
identify signs of malicious activities and raise alerts or take preventive mea-
sures [42].

Ensemble learning techniques, which combine several machine learning models,
can enhance the accuracy and robustness of IoT security systems. By leveraging the
strengths of different algorithms, ensemble models can enhance the detection and
prevention of various types of attacks [58].

It is vital to note that the effectiveness of machine learning techniques in IoT
security depends on the quality of the training data, feature selection, and the ability
to adapt to developing attack techniques. Additionally, the resource constraints of
IoT devices and the need for real-time processing pose challenges in implementing
machine learning algorithms in IoT security systems. Addressing these challenges
is crucial to harness the full potential of machine learning in securing IoT
environments.
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4 Integration of Blockchain Technology
with Machine Learning

The integration of blockchain technology with machine learning forms a compel-
ling synergy that holds promise for revolutionizing various domains. By combining
the inherent security and decentralization of blockchain with the intelligence and
adaptability of machine learning, innovative solutions are emerging to address intri-
cate challenges across fields such as IoT security, data privacy, and transparent
decision-making. Figure 7.4 illustrates the various purposes for integrating block-
chain with machine learning techniques.

4.1 Data Privacy and Security

A significant benefit of integrating blockchain technology with machine learning is
the enhanced data privacy and security it delivers. Blockchain’s inherent features,
such as decentralized storage, encryption, and immutability, can safeguard sensitive
data used in machine learning models. By storing data on the blockchain, machine
learning algorithms can securely access and train models without compromising the
privacy and integrity of the underlying data [45].

4.2 Federated Learning on the Blockchain

Federated learning represents a decentralized methodology enabling machine learn-
ing models to be trained using data distributed across numerous devices or nodes,
eliminating the necessity of transmitting data to a central server. By integrating
federated learning with blockchain technology, the training process can be further
decentralized and made more secure. Each participant in the network can maintain

) Data Privacy and Security

) Federated Learning on the Blockchain

) Data Marketplace and Tokenization

) Decentralized Model Governance and Auditing

) Incentive Mechanisms for Machine Learning Contributors

)Verifiable and Explainable Al

Fig. 7.4 Blockchain integration with machine learning
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control over their data while contributing to the collective learning process. The
blockchain ensures the integrity of the model updates and provides a transparent
record of the training process [67].

4.3 Data Marketplace and Tokenization

Blockchain technology can enable secure and transparent data marketplaces where
individuals or organizations can sell their data for machine learning purposes. By
tokenizing data and using smart contracts, data providers can maintain control over
their data and ensure fair compensation. Machine learning algorithms can access
these data marketplaces, leveraging a diverse range of datasets for training models.
The blockchain provides an auditable record of data transactions and ensures the
integrity of the data used in the training process [19].

4.4 Decentralized Model Governance and Auditing

Integrating blockchain technology with machine learning allows for decentralized
model governance and auditing. Smart contracts on the blockchain can govern the
access, usage, and updates of machine learning models. This decentralized gover-
nance ensures transparency and accountability in the model development and
deployment process. Additionally, the blockchain’s immutability allows for inde-
pendent auditing of the models, ensuring compliance and fairness [41].

4.5 Incentive Mechanisms for Machine Learning Contributors

Blockchain-based incentive mechanisms, such as token rewards or cryptocurrency
payments, can be employed to incentivize individuals or organizations to contribute
their computational resources or data for machine learning tasks. This incentiviza-
tion promotes participation and collaboration in machine learning projects, leading
to the expansion of more robust and accurate models [59].

4.6 Verifiable and Explainable AI

Blockchain technology can provide a framework for confirming the verifiability and
explainability of machine learning models. The transparent and immutable nature of
the blockchain allows stakeholders to trace the decisions and predictions made by



7 Machine Learning Approaches in Blockchain Technology-Based IoT Security... 119

machine learning models back to the input data and training process. This verifi-
ability enhances trust and accountability in the deployment of Al systems [24].

The integration of blockchain technology with machine learning holds great
potential for enhancing data privacy, security, and transparency in machine learning
applications. It enables decentralized and secure training processes, fair data mar-
ketplaces, auditable model governance, and incentivized collaborations. By lever-
aging the strengths of both technologies, the integration of blockchain and machine
learning can address critical challenges and foster the development of trustworthy
and robust Al systems.

5 Current Developments in Machine Learning Approaches
for Blockchain-Based IoT Security

5.1 Case Studies and Use Cases

Recent developments in machine learning approaches for blockchain-based IoT
security have witnessed the emergence of various case studies and use cases. These
real-world implementations showcase the effectiveness of combining machine
learning and blockchain technologies to enhance IoT security. For example, machine
learning algorithms have been utilized for anomaly detection in smart home sys-
tems, identifying unusual behavior patterns that could indicate potential security
breaches [48]. Additionally, machine learning-based intrusion detection systems
integrated with blockchain technology have been deployed in industrial IoT envi-
ronments, enabling real-time threat detection and response [22].

Adaptive Threat Detection Current developments in machine learning for
blockchain-based IoT security focus on adaptive threat detection techniques. These
techniques involve training machine learning models on real-time IoT data to detect
and respond to emerging threats effectively. By continuously updating the models
with new data, adaptive threat detection algorithms can adapt to evolving attack
techniques and improve the accuracy of threat identification [27].

Privacy-Preserving Machine Learning Privacy is a critical concern in IoT sys-
tems, and recent developments in machine learning aim to address this challenge.
Privacy-preserving machine learning techniques, such as secure multiparty compu-
tation, homomorphic encryption, and federated learning, enable IoT devices to col-
laborate in training models without exposing sensitive data. These techniques ensure
data privacy and confidentiality while maintaining the utility of machine learning
algorithms [68].

Explainable AI for IoT Security Explainable Al (XAI) techniques are gaining
attention in the context of blockchain-based IoT security. XAl focuses on providing
transparent and understandable explanations for the conclusions made by machine
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learning models. By understanding the rationale behind the model’s predictions or
decisions, stakeholders can gain insights into potential vulnerabilities and mitigate
security risks effectively [23].

Transfer Learning and Model Generalization Transfer learning, a technique
that uses knowledge gained from one domain to boost performance in another, is
being explored for enhancing the security of blockchain-based IoT systems. By
training machine learning models on large-scale datasets from different IoT
domains, transfer learning enables the generalization of knowledge and the detec-
tion of common security threats across diverse IoT deployments [62].

Blockchain-Based Intrusion Detection Systems Blockchain technology is being
integrated into the design of intrusion detection systems (IDS) for IoT security. By
using the blockchain as a tamper-resistant and transparent ledger, IDS can securely
record and analyze network traffic and device behavior. Machine learning algo-
rithms can be trained on blockchain-stored data to detect anomalies and identify
potential attacks in IoT networks [1].

Reinforcement Learning for IoT Security Reinforcement learning, a branch of
machine learning concerned with learning optimal decision-making strategies, is
being explored for IoT security. By modeling the IoT security environment as a
reinforcement learning problem, agents can learn to make adaptive security deci-
sions based on real-time feedback. Reinforcement learning techniques can enhance
the resilience and response capabilities of IoT security systems [49].

Blockchain-Enabled Trust and Reputation Systems Machine learning algo-
rithms are being used in combination with blockchain technology to develop trust
and reputation systems for IoT security. These systems leverage machine learning
techniques to analyze and assess the trustworthiness of IoT devices and participants
in the blockchain network. By assigning reputation scores and evaluating past
behavior, these systems enhance the security and reliability of IoT transactions and
interactions [18].

These current developments in machine learning approaches for blockchain-
based IoT security demonstrate the ongoing research efforts to address the unique
security challenges in IoT environments. By combining the strengths of machine
learning algorithms with the tamper-resistant and decentralized nature of block-
chain technology, these approaches offer promising solutions for enhancing the
security and resilience of IoT systems. However, further research is needed to opti-
mize these techniques, address scalability concerns, and ensure practical implemen-
tations in real-world IoT deployments.
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5.2 Integration Challenges and Practical Considerations

While the integration of machine learning approaches with blockchain-based IoT
security shows great potential, there are several challenges and practical consider-
ations that are essential to be addressed:

Data Availability and Quality Machine learning models involve large volumes of
high-quality data for effective training. However, in IoT environments, data avail-
ability and quality can be challenging due to the decentralized nature of the network
and the limitations of IoT devices. Future research should focus on developing tech-
niques to ensure sufficient and reliable data availability for training machine learn-
ing models in blockchain-based IoT security [7].

Computational Resources Machine learning algorithms are computationally
intensive, and deploying them on resource-constrained IoT devices can be a chal-
lenge. Considerations should be given to optimizing the computational resources
required for running machine learning algorithms on IoT devices and leveraging
distributed computing architectures to alleviate the computational burden [34].

Latency and Real-Time Processing IoT systems often require real-time or near
real-time processing to detect and retort to security threats promptly. Integrating
machine learning with blockchain technology should account for the potential
latency introduced by the consensus mechanisms of the blockchain. Efficient tech-
niques should be developed to enable real-time processing and decision-making in
blockchain-based IoT security [35].

Privacy and Compliance IoT systems often handle sensitive data, such as per-
sonal or healthcare information, which necessitates adherence to privacy regula-
tions. Integrating machine learning approaches with blockchain technology should
prioritize privacy-preserving techniques to confirm compliance with data protection
regulations. Mechanisms such as federated learning or secure multi-party computa-
tion can be explored to maintain data privacy while leveraging the benefits of
machine learning [38].

Scalability and Blockchain Throughput Scalability issues emerge in blockchain
networks when confronted with a substantial volume of transactions, particularly
evident within [oT environments encompassing a multitude of devices. To integrate
machine learning with blockchain-based IoT security, scalable blockchain solutions
and optimized consensus mechanisms should be explored to handle the increasing
throughput requirements [44].
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6 Open Challenges and Future Directions

6.1 Scalability

Enhancing the scalability remains a noteworthy challenge in the integration of
machine learning approaches with blockchain-based IoT security. As the number of
IoT devices and transactions rises, the computational and storage necessities for
training and maintaining machine learning models on the blockchain become more
demanding. Future research could focus on the following methodologies:

e Conduct a comparative study of existing consensus mechanisms, such as Proof
of Stake (PoS), Proof of Authority (PoA), and sharding, to assess their suitability
for handling increased transaction throughput while maintaining security [16].

* Develop a simulation framework to assess the performance of various scalability
solutions under different network loads and transaction rates. Additionally,
investigate off-chain solutions like state channels and sidechains to alleviate
scalability limitations and enhance overall network efficiency [26].

6.2 Privacy-Preserving Machine Learning

While privacy-preserving machine learning techniques have made significant
advancements, there is still a need for robust methods to ensure data privacy in
blockchain-based IoT security while leveraging the benefits of machine learning.
Developing efficient and practical privacy-preserving mechanisms that can guard
sensitive data while maintaining the utility of machine learning models remains an
open challenge.

* Implement federated learning to train machine learning models on decentralized
data sources without sharing raw data [66].

» Investigate progressive cryptographic techniques like homomorphic encryption
and secure multiparty computation to ensure data privacy during model aggrega-
tion [17].

* Develop a framework to evaluate the trade-off between privacy preservation and
model accuracy using real-world IoT datasets. Explore techniques to control and
manage the privacy budget in federated learning [43].

6.3 Interoperability and Standardization

Interoperability and standardization are crucial for the extensive adoption of
blockchain-based IoT security solutions. A potential research problem in this con-
text is how we can establish seamless communication among diverse [oT devices
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using different communication protocols and data formats. As different blockchain
platforms and IoT devices use varying protocols and data formats, interoperability
challenges arise. Future research should focus on the following:

* Develop a protocol translation mechanism that enables devices using different
communication protocols to communicate effectively [46].

* Investigate the adoption of standardized data formats such as the SensorThings
API to promote interoperability [28].

e Implement the Web of Things (WoT) ontology to provide a standardized frame-
work for data exchange and semantic interoperability [14] and conduct case
studies to assess the effectiveness of these approaches in real-world IoT
environments.

6.4 Adversarial Attacks and Defense

Detection and mitigation of adversarial attacks targeting machine learning models
pose a significant threat to the security of blockchain-based IoT systems. Adversaries
can manipulate input data or inject malicious behavior to deceive the machine learn-
ing algorithms. Mechanisms such as adversarial training and detection enables us to
develop robust defense mechanism and mitigating these attacks is an important area
of future research.

* Develop machine learning-based intrusion detection systems that specialize in
identifying adversarial attacks [2].

* Implement adversarial training, where models are trained on adversarial exam-
ples to enhance their robustness [8].

* Investigate novel anomaly detection techniques, such as adversarial anomaly
detection, to identify adversarial patterns that deviate from normal behavior [61]
and evaluate the performance of these approaches using benchmark datasets and
consider real-world deployment scenarios.

6.5 Energy Efficiency

Energy efficiency is a critical consideration in resource-constrained IoT environ-
ments. Machine learning algorithms, especially complex deep learning models, can
consume significant computational resources and energy. Future research should
concentrate on developing energy-efficient machine learning techniques tailored for
IoT devices, enabling efficient utilization of resources without compromising secu-
rity. The possible methodologies to reduce computational burden of machine learn-
ing on resource constrained IoT devices should be reduced to achieve energy
efficiency are as follows:
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» Explore edge-based processing, where machine learning models are deployed on
devices with sufficient resources, reducing the need for extensive data transmis-
sion [60].

e Implement model compression techniques like quantization and pruning to
reduce the computational complexity of models [30] and develop a framework to
assess the trade-off between model accuracy and computational efficiency in
energy-constrained IoT scenarios.

6.6 Governance and Trust

The governance and trust mechanisms for machine learning models in blockchain-
based IoT security need further exploration. Developing decentralized governance
models that ensure transparency, accountability, and fairness in the deployment and
management of machine learning models is crucial. Trust frameworks that establish
the reliability and integrity of machine learning models and their interactions within
the blockchain network are important future directions.

* Implement smart contracts to establish transparent rules and automate trust-
building processes [55].

* Develop reputation systems using blockchain technology to assess the trustwor-
thiness of participants based on historical behavior [21].

* Integrate blockchain with digital identity systems to enhance user and device
authentication and establish a trustworthy identity framework [32]. Conduct
simulations or case studies to evaluate the effectiveness of these mechanisms in
building trust within IoT networks.

6.7 Real-Time Adaptability

Enabling real-time adaptability of machine learning models in blockchain-based
IoT security for rapidly evolving threats is a challenge. IoT systems require immedi-
ate response and adaptation to dynamic security threats. Future research should
emphasize on developing efficient algorithms and architectures that can enable real-
time learning, decision-making, and model updates in IoT environments.

* Investigate online learning techniques that enable machine learning models to
adapt continuously to new data and threats [3].

e Develop a dynamic update mechanism that incorporates new threat information
into existing models in real time [64].

e Implement reinforcement learning approaches to enable agents to make adaptive
security decisions based on real-time feedback [65] and evaluate the responsive-
ness and effectiveness of these methods using real-world IoT security scenarios.
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6.8 Ethical and Legal Considerations

As machine learning techniques and blockchain-based IoT security solutions
evolve, ethical and legal considerations need to be addressed. Ensuring fairness,
transparency, and accountability in the collection, processing, and use of data is
essential. Future research should explore ethical frameworks and regulatory guide-
lines to govern the incorporation of machine learning and blockchain technologies
in IoT security.

e Conduct a comprehensive review of existing ethical and legal frameworks rele-
vant to [oT and machine learning security [29].

e Collaborate with legal experts to develop guidelines for data handling, consent,
and user rights in the context of IoT security [57].

e Create a decision-making framework that balances security requirements with
ethical considerations and validate it through case studies or simulations [39].

Tackling these existing challenges and venturing into future avenues will estab-
lish a path toward creating resilient, scalable, and privacy-centric machine learning
strategies for ensuring the security of IoT systems integrated with blockchain tech-
nology. By advancing the state of the art in these areas, researchers and practitioners
can create a more secure and trustworthy environment for the deployment and oper-
ation of [oT systems.

7 Conclusion
7.1 Key Findings

In this chapter, we have delved into the integration of machine learning approaches
with blockchain technology in the context of IoT security. We have examined the
current developments, identified open challenges, and discussed future directions in
this rapidly evolving field. Here are the key findings:

(i) Machine learning techniques, such as anomaly detection, threat detection, and
pattern recognition, enhance the security of IoT systems by detecting and miti-
gating potential cyber threats.

(ii) Blockchain technology provides decentralized storage, immutability, and
transparent transactions, ensuring data integrity and privacy in IoT
environments.

(iii) Privacy-preserving machine learning techniques, federated learning, and
explainable AT are crucial for addressing privacy concerns and ensuring trans-
parency and interpretability in machine learning models.
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(iv) Transfer learning, reinforcement learning, and blockchain-enabled trust mech-
anisms hold promise for improving the resilience and generalizability of
machine learning approaches in IoT security.

(v) Scalability, privacy preservation, interoperability, and defense against adver-
sarial attacks are major challenges that need to be overcome for effective inte-
gration of machine learning and blockchain in IoT security.

7.2 Recommendations for Future Research

Derived from the findings, here are several suggestions for prospective research
endeavors:

(1) Develop scalable machine learning algorithms and distributed architectures
that can manage the escalating volume and complexity of IoT data in
blockchain-based systems.

(i1) Further explore privacy-preserving techniques that allow secure collaboration
and training of machine learning models while preserving data privacy and
confidentiality.

(ii1) Standardize protocols and frameworks to enable interoperability between dif-
ferent blockchain platforms and IoT devices, promoting seamless integration
and communication.

(iv) Enhance defense mechanisms against adversarial attacks by developing
robust techniques such as adversarial training, detection, and robust model
architectures.

(v) Focus on energy-efficient machine learning approaches tailored for resource-
constrained IoT devices to optimize energy consumption and prolong device
lifespan.

(vi) Investigate decentralized governance models and trust frameworks to ensure
transparency, accountability, and fairness in the deployment and management
of machine learning models in blockchain-based IoT security.

(vil) Address real-time adaptability requirements by developing algorithms and
architectures that enable continuous learning, decision-making, and model
updates in dynamic IoT environments.

(viii) Establish ethical frameworks and regulatory guidelines to govern the ethical
and legal considerations surrounding the collection, processing, and use of
data in machine learning and blockchain-based IoT security.

By addressing these recommendations and further exploring the intersection of
machine learning and blockchain technology in IoT security, researchers can make
significant strides in creating robust, scalable, and privacy-preserving solutions.
This will contribute to the development of a more secure and trustworthy IoT eco-
system, benefiting various sectors such as healthcare, business, and smart cities.
Collaborative efforts and interdisciplinary research are key to advancing the field
and realizing the full potential of machine learning in blockchain-based IoT security.



7

Machine Learning Approaches in Blockchain Technology-Based IoT Security... 127

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Al-Emari, S. (2021). Intrusion detection systems using blockchain technology: A review,
issues and challenges. Computer Systems Science and Engineering, 40, 87-112. https://doi.
org/10.32604/csse.2022.017941

. Alotaibi, A. (2023). Adversarial machine learning attacks against intrusion detection sys-

tems: A survey on strategies and defense. Future Internet, 15(2), 62. https://doi.org/10.3390/
fi15020062

. Amin Shahraki, M. A. (2022). A comparative study on online machine learning techniques

for network traffic streams analysis. Computer Networks, 207(22), 108836. https://doi.
org/10.1016/j.comnet.2022.108836

. Atzori, L. (2010). The internet of things: A survey. Computer Networks, 54, 2787. https://doi.

org/10.1016/j.comnet.2010.05.010

. Ayan Chatterjee, B. S. (2022). IoT anomaly detection methods and applications: A survey.

Internet of Things, 19, 100568. https://doi.org/10.1016/j.i0t.2022.100568

. Buterin, V. (2017). Ethereum: A next generation smart contract and decentralized application

platform (2013). Retrieved from http://ethereum.org/ethereum.html

. Byabazaire, J. G. (2020). Data quality and trust: Review of challenges and opportunities for

data sharing in IoT. Electronics, 9(12), 2083. https://doi.org/10.3390/electronics9122083

. Chen, H. (2022). Adversarial training for improving model robustness? Look at both pre-

diction and interpretation. In Proceedings of the AAAI Conference on Artificial Intelligence,
36(10), 10463-10472.

. Christidis, K. (2016). Blockchains and smart contracts for the internet of things. /[EEE Access,

4, 1-1. https://doi.org/10.1109/ACCESS.2016.2566339

Dagher, G. (2018). Ancile: Privacy-preserving framework for access control and interoperabil-
ity of electronic health records using blockchain technology. Sustainable Cities and Society.,
39, 283. https://doi.org/10.1016/j.scs.2018.02.014

Dhillon, V. (2022). Blockchain enabled applications understand the blockchain ecosystem and
how to make it work for you.

Dorri, A. K. (2016). Blockchain in internet of things: Challenges and solutions. arXiv preprint
arXiv:1608.05187.

Dorri, A. K. (2017). Blockchain for loT security and privacy: The case study of a smart home.
https://doi.org/10.1109/PERCOMW.2017.7917634

Antoniazzi, F., & Viola, F. (2019). Building the semantic web of things through a dynamic
ontology. IEEE Internet of Things Journal, 6(6), 10560-10579. https://doi.org/10.1109/
JIO0T.2019.2939882

Fadele, A. (2017). Internet of things security: A survey. Journal of Network and Computer
Applications., 88, 10. https://doi.org/10.1016/j.jnca.2017.04.002

Fahim, S. (2023). Blockchain: A comparative study of consensus algorithms PoW, PoS, PoA,
PoV. 1. Journal of Mathematical Sciences and Computing, 3, 46-57. https://doi.org/10.5815/
ijmsc.2023.03.04

Fang, H., & Q. Q. (2021). Privacy preserving machine learning with homomorphic encryption
and federated learning. Future Internet, 13(4), 94. https://doi.org/10.3390/fi13040094

Putrat, G. D., & S. M. (2023). Trust and reputation management for blockchain-enabled loT
(pp- 529-536). 2023 15th International Conference on COMmunication Systems & NETworkS
(COMSNETS), Bangalore, India. https://doi.org/10.1109/COMSNETS56262.2023.10041348
Zyskind, G., & O.N. (2015). Decentralizing privacy: Using blockchain to protect personal data
(pp- 180-184). IEEE Security and Privacy Workshops. https://doi.org/10.1109/SPW.2015.27
Gubbi, J. (2012). Internet of things (IoT): A vision, architectural elements, and future directions.
Future Generation Computer Systems, 29, 1645. https://doi.org/10.1016/j.future.2013.01.010
Hemmrich, S. (2023). Business Reputation Systems Based on Blockchain Technology—A
Risky Advance


https://doi.org/10.32604/csse.2022.017941
https://doi.org/10.32604/csse.2022.017941
https://doi.org/10.3390/fi15020062
https://doi.org/10.3390/fi15020062
https://doi.org/10.1016/j.comnet.2022.108836
https://doi.org/10.1016/j.comnet.2022.108836
https://doi.org/10.1016/j.comnet.2010.05.010
https://doi.org/10.1016/j.comnet.2010.05.010
https://doi.org/10.1016/j.iot.2022.100568
http://ethereum.org/ethereum.html
https://doi.org/10.3390/electronics9122083
https://doi.org/10.1109/ACCESS.2016.2566339
https://doi.org/10.1016/j.scs.2018.02.014
https://doi.org/10.1109/PERCOMW.2017.7917634
https://doi.org/10.1109/JIOT.2019.2939882
https://doi.org/10.1109/JIOT.2019.2939882
https://doi.org/10.1016/j.jnca.2017.04.002
https://doi.org/10.5815/ijmsc.2023.03.04
https://doi.org/10.5815/ijmsc.2023.03.04
https://doi.org/10.3390/fi13040094
https://doi.org/10.1109/COMSNETS56262.2023.10041348
https://doi.org/10.1109/SPW.2015.27
https://doi.org/10.1016/j.future.2013.01.010

128 P. Hemashree et al.

22. Islam, N. (2021). Towards machine learning based intrusion detection in IoT networks.
Cmc —Tech Science Press, 69, 1801-1821. https://doi.org/10.32604/cmc.2021.018466

23. Jagatheesaperumal, S. K. (2022). Explainable AI over the internet of things (IoT): Overview,
state-of-the-art and future directions. IEEE Open Journal of the Communications Society,
3,2106.

24. Javed, A., Ahmed, W., Pandya, S., Maddikunta, P., Alazab, M., & Gadekallu, T. (2023). A
survey of explainable artificial intelligence for smart cities. Electronics, 12, 1020. https://doi.
org/10.3390/electronics 12041020

25. Khatkar, M. (2020). An overview of distributed denial of service and internet of things in
healthcare devices (pp. 44—48). https://doi.org/10.1109/INBUSH46973.2020.9392171.

26. Kim, S. (2018). A survey of scalability solutions on blockchain. Conference: 2018
International Conference on Information and Communication Technology Convergence
(ICTC), (pp. 1204-1207). https://doi.org/10.1109/ICTC.2018.8539529

27. Kiran, A., Mathivanan, P., Mahdal, M., Sairam, K., Chauhan, D., & Talasila, V. (2023).
Enhancing data security in IoT networks with blockchain-based management and adaptive
clustering techniques. Mathematics, 11, 2073. https://doi.org/10.3390/math11092073

28. Kotsev, A., & S. K. (2018). Extending INSPIRE to the internet of things through SensorThings
APIL. Geosciences, 8(6), 221. https://doi.org/10.3390/geosciences8060221

29. Lee. (2020). Internet of things (IoT) cybersecurity: Literature review and IoT cyber risk man-
agement. Future Internet, 12(9), 157. https://doi.org/10.3390/fi12090157

30. Li, Z. H. (2023). Model compression for deep neural networks: A survey. Computers, 12(3),
60. https://doi.org/10.3390/computers 12030060

31. Lopez Vargas, A. (2020). Challenges and opportunities of the internet of things for global
development to achieve the United Nations sustainable development goals. IEEE Access, 1-1,
37202. https://doi.org/10.1109/ACCESS.2020.2975472

32. Lukas Stockburger, G. K. (2021). Blockchain-enabled decentralized identity management:
The case of self-sovereign identity in public transportation. Blockchain: Research and
Applications, 2(2), 100014. https://doi.org/10.1016/j.bcra.2021.100014

33. Al-Garadi, M. A., & A. M.-A. (2020). A survey of machine and deep learning methods for inter-
net of things (I0T) security. IEEE Communications Surveys & Tutorials, 22(3), 1646-1685.
https://doi.org/10.1109/COMST.2020.2988293

34. Li, M., & F. R. (2022). Intelligent resource optimization for blockchain-enabled IoT in 6G
via collective reinforcement learning. /[EEE Network, 36(6), 175-182. https://doi.org/10.1109/
MNET.105.2100516

35. Khan, M. A., & K. S. (2018). IoT security: Review, blockchain solutions, and open chal-
lenges. Future Generation Computer Systems, 82, 395-411. https://doi.org/10.1016/].
future.2017.11.022

36. Miorandi, D. (2012). Internet of things: Vision, applications and research challenges. Ad Hoc
Networks, 10, 1497. https://doi.org/10.1016/j.adhoc.2012.02.016

37. Mizrahi, 1. B. (2016). Cryptocurrencies without proof of. Work, 9604, 142—-157. https://doi.
org/10.1007/978-3-662-53357-4_10

38. Mohanta, B. (2020). Addressing security and privacy issues of IoT using Blockchain technol-
ogy. IEEE Internet of Things Journal, 8, 1-1. https://doi.org/10.1109/JI0T.2020.3008906

39. Mokander, J. M. (2021). Ethics-based auditing of automated decision-making systems: Nature,
scope, and limitations. Science and Engineering Ethics, 27, 44. https://doi.org/10.1007/
$11948-021-00319-4

40. Nakamoto, S. (2009). Bitcoin: A peer-to-peer electronic cash system. Cryptography. Mailing
list at https://metzdowd.com

41. Nassar, M. (2020). Blockchain for explainable and trustworthy artificial intelligence (Vol. 10,
p. 10). Wiley Interdisciplinary Reviews: Data Mining and Knowledge Discovery. https://doi.
org/10.1002/widm.1340


https://doi.org/10.32604/cmc.2021.018466
https://doi.org/10.3390/electronics12041020
https://doi.org/10.3390/electronics12041020
https://doi.org/10.1109/INBUSH46973.2020.9392171
https://doi.org/10.1109/ICTC.2018.8539529
https://doi.org/10.3390/math11092073
https://doi.org/10.3390/geosciences8060221
https://doi.org/10.3390/fi12090157
https://doi.org/10.3390/computers12030060
https://doi.org/10.1109/ACCESS.2020.2975472
https://doi.org/10.1016/j.bcra.2021.100014
https://doi.org/10.1109/COMST.2020.2988293
https://doi.org/10.1109/MNET.105.2100516
https://doi.org/10.1109/MNET.105.2100516
https://doi.org/10.1016/j.future.2017.11.022
https://doi.org/10.1016/j.future.2017.11.022
https://doi.org/10.1016/j.adhoc.2012.02.016
https://doi.org/10.1007/978-3-662-53357-4_10
https://doi.org/10.1007/978-3-662-53357-4_10
https://doi.org/10.1109/JIOT.2020.3008906
https://doi.org/10.1007/s11948-021-00319-4
https://doi.org/10.1007/s11948-021-00319-4
https://metzdowd.com
https://doi.org/10.1002/widm.1340
https://doi.org/10.1002/widm.1340

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.
55.

56.

57.

58.

59.

60.

61.

62.

Machine Learning Approaches in Blockchain Technology-Based IoT Security... 129

Nene, M. (2013). A survey on machine learning techniques for intrusion detection systems.
International Journal of Advanced Research in Computer and Communication Engineering,
11, 4349.

Nguyen Truong, K. S. (2021). Privacy preservation in federated learning: An insightful survey
from the GDPR perspective. Computers & Security, 110, 102402. https://doi.org/10.1016/j.
cose.2021.102402

Novo, O. (2019). Scalable access management in IoT using blockchain: A performance
evaluation. [EEE Internet of Things Journal, 6, 4694-4701. https://doi.org/10.1109/
JIOT.2018.2879679

Ouaddah, A. (2017). FairAccess: A new Blockchain-based access control framework for
the internet of things: FairAccess: A new access control framework for IoT. Security and
Communication Networks, 9, 5943. https://doi.org/10.1002/sec.1748

Sethil, P., & Sarangi, S. R. (2017). Internet of things: Architectures, protocols, and
applications. Journal of Electrical and Computer Engineering, 2017, 1. https://doi.
org/10.1155/2017/9324035

Perera, C. (2015). The emerging internet of things marketplace from an industrial perspec-
tive: A survey. IEEE Transactions on Emerging Topics in Computing, 3, 585. https://doi.
org/10.1109/TETC.2015.2390034

Ramapatruni, S. (2019). Anomaly detection models for smart home security (pp. 19-24).
https://doi.org/10.1109/BigDataSecurity-HPSC-IDS.2019.00015.

Rawat, A. U. (2021). Reinforcement learning for {IoT} security: A comprehensive sur-
vey. IEEE — Internet of Things Journal, 8(11), 8693-8706. https://doi.org/10.1109/
ji0t.2020.3040957

Roman, R. (2013). On the features and challenges of security and privacy in distributed internet
of things. Computer Networks, 57, 2266—2279. https://doi.org/10.1016/j.comnet.2012.12.018
Shancang Li, L. D. (2018). 5G internet of things: A survey. Journal of Industrial Information
Integration, 10, 1-9. https://doi.org/10.1016/}.jii.2018.01.005

Shi, W. (2016). Edge computing: Vision and challenges. IEEE Internet of Things Journal, 3,
1-1. https://doi.org/10.1109/JI0T.2016.2579198

Stojmenovic, M. W. (2014). Introduction to the special issue: Fog computing in future genera-
tion communication networks. Journal of Network and Computer Applications, 45, 1-3.
Swan, M. (2015). Blockchain: Blueprint for a new economy. O'Reilly Media.

Taherdoost, H. (2023). Smart contracts in Blockchain technology: A critical review.
Information, 14(2), 117. https://doi.org/10.3390/info14020117

Tahsien, S. (2020). Machine learning based solutions for security of internet of things (IoT): A
survey. Journal of Network and Computer Applications, 161, 102630. https://doi.org/10.1016/j.
jnca.2020.102630

Tawalbeh, L. F. (2020). IoT privacy and security: Challenges and solutions. Applied Sciences,
10(12), 4102. https://doi.org/10.3390/app10124102

Tomer, V., & Sharma, S. (2022). Detecting IoT attacks using an ensemble machine learning
model. Future Internet, 14, 102. https://doi.org/10.3390/f114040102

Toyoda, K. (2019). Mechanism design for an incentive-aware blockchain-enabled federated
learning platform (pp. 395-403). https://doi.org/10.1109/BigData47090.2019.9006344.
Truong, H. T.-H. (2023). Making distributed edge machine learning for resource-constrained
communities and environments smarter: Contexts and challenges. Journal of Reliable
Intelligent Environments, 9, 119-134. https://doi.org/10.1007/s40860-022-00176-3

Xianchao Zhang, J. M. (2022). Deep anomaly detection with self-supervised learn-
ing and adversarial training. Pattern Recognition, 121, 108234. https://doi.org/10.1016/].
patcog.2021.108234

Xiaoding, W. (2021). Enabling secure authentication in industrial IoT with transfer learning
empowered blockchain. IEEE Transactions on Industrial Informatics, 17, 1-1. https://doi.
org/10.1109/T11.2021.3049405


https://doi.org/10.1016/j.cose.2021.102402
https://doi.org/10.1016/j.cose.2021.102402
https://doi.org/10.1109/JIOT.2018.2879679
https://doi.org/10.1109/JIOT.2018.2879679
https://doi.org/10.1002/sec.1748
https://doi.org/10.1155/2017/9324035
https://doi.org/10.1155/2017/9324035
https://doi.org/10.1109/TETC.2015.2390034
https://doi.org/10.1109/TETC.2015.2390034
https://doi.org/10.1109/BigDataSecurity-HPSC-IDS.2019.00015
https://doi.org/10.1109/jiot.2020.3040957
https://doi.org/10.1109/jiot.2020.3040957
https://doi.org/10.1016/j.comnet.2012.12.018
https://doi.org/10.1016/j.jii.2018.01.005
https://doi.org/10.1109/JIOT.2016.2579198
https://doi.org/10.3390/info14020117
https://doi.org/10.1016/j.jnca.2020.102630
https://doi.org/10.1016/j.jnca.2020.102630
https://doi.org/10.3390/app10124102
https://doi.org/10.3390/fi14040102
https://doi.org/10.1109/BigData47090.2019.9006344
https://doi.org/10.1007/s40860-022-00176-3
https://doi.org/10.1016/j.patcog.2021.108234
https://doi.org/10.1016/j.patcog.2021.108234
https://doi.org/10.1109/TII.2021.3049405
https://doi.org/10.1109/TII.2021.3049405

130 P. Hemashree et al.

63. Yang, F. (2019). Delegated proof of stake with downgrade: A secure and efficient block-
chain consensus algorithm with downgrade mechanism. /IEEE Access, 7, 1-1. https://doi.
org/10.1109/ACCESS.2019.2935149

64. Yu Zheng, Z. L. (2022). Dynamic defenses in cyber security: Techniques, methods and chal-
lenges. Digital Communications and Networks, 8(4), 422-435. https://doi.org/10.1016/j.
dcan.2021.07.006

65. Yunhan Huang, L. H. (2022). Reinforcement learning for feedback-enabled cyber resilience.
Annual Reviews in Control, 53, 273-295. https://doi.org/10.1016/j.arcontrol.2022.01.001

66. Zhang, C. (2021). A survey on federated learning. Knowledge-Based Systems., 216, 106775.
https://doi.org/10.1016/j.knosys.2021.106775

67. Zhao, Y. (2020). Privacy-preserving Blockchain-based federated learning for IoT devices.
IEEE Internet of Things Journal, 8, 1-1. https://doi.org/10.1109/J10T.2020.3017377

68. Zheng, M. X. (2019). Challenges of privacy-preserving machine learning in IoT (pp. 1-7). In
Proceedings of the First International Workshop on Challenges in Artificial Intelligence and
Machine Learning for Internet of Things.

69. Zheng, Z., & N. (2017). An overview of blockchain technology: Architecture. Consensus, and
Future Trends. https://doi.org/10.1109/BigDataCongress.2017.85


https://doi.org/10.1109/ACCESS.2019.2935149
https://doi.org/10.1109/ACCESS.2019.2935149
https://doi.org/10.1016/j.dcan.2021.07.006
https://doi.org/10.1016/j.dcan.2021.07.006
https://doi.org/10.1016/j.arcontrol.2022.01.001
https://doi.org/10.1016/j.knosys.2021.106775
https://doi.org/10.1109/JIOT.2020.3017377
https://doi.org/10.1109/BigDataCongress.2017.85

®

Check for
updates

Chapter 8

Decentralized Identity Management Using
Blockchain Technology: Challenges

and Solutions

Ahmed Mateen Buttar, Muhammad Anwar Shahid,
Muhammad Nouman Arshad, and Muhammad Azeem Akbar

1 Introduction

Blockchain-powered decentralized identity management provides consumers with
authority over their personal data and increases online company privacy, security,
and interoperability. Traditional identity systems are administered by governments
or enterprises. Blockchain, on the other hand, empowers users in its decentralized
identity management. Blockchain records transactions and data across computers.
Cryptographically linking each transaction, or “block,” creates an immutable chain
of information. Decentralized and tamper-resistant blockchain is ideal for secure
and transparent identity management [1].

Decentralized identity management systems create and manage digital IDs by
using cryptography. Blockchain secures their identities. Selectively sharing names,
ages, and addresses with numerous service providers avoids providing unnecessary
personal information. Decentralized identity management leads to self-sovereignty.
Individuals can manage their identities without intermediaries. Controlling data
access prevents identity theft, fraud, and misuse. Interoperability improves with
decentralized identity management. The Decentralized Identity Foundation (DIF)
and World Wide Web Consortium (W3C) verifiable credentials (VCs) make verify-
ing and sharing digital identities across platforms, apps, and organizations easy [2].

Blockchain secures identity management. Cryptography secures blockchain
transactions and identities. Blockchain’s decentralized nature makes it more secure.
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Blockchain platforms are developing decentralized identity management. Sovrin,
uPort, and Microsoft’s ION leverage blockchain develop open, interoperable, and
privacy-preserving identity systems for computer-to-computer transactions.

1.1 Background and Motivation

Traditional centralized identification systems’ flaws prompted blockchain-based
decentralized identity management. Centralized identification systems compel
users to share sensitive personal data with several service providers, increasing the
risk of data breaches and identity theft. Hackers target centralized databases, which
can harm individuals. Decentralized identity management enables people to own
their data and share only what they need to.

Less user control: Traditional identification systems govern identities centrally.
Unauthorized data collection, storage, and use occur frequently. Decentralized
identity management empowers individuals. Users can choose who sees what
and why. Centralized identity schemes are also incompatible. Each service pro-
vider or organization may have its own identity databases and verification meth-
ods, causing duplications in data collection and poor user experiences.
Decentralized identity management using open standards and protocols lets
people use verifiable credentials across platforms and services, increasing
interoperability [5].

Identity fragmentation: People have multiple digital identities across platforms
and services. Password management is challenging. Decentralized identity man-
agement solves this identity fragmentation by providing a single, portable, self-
sovereign identity that can be used across apps and services.

Credibility: Identity management demands trust. Traditional systems verify IDs
centrally. These authorities may be corrupt or make mistakes. Decentralized
identity management verifies credentials by using blockchain’s immutability and
transparency. Cryptographically linking IDs to the blockchain prevents forgery.

1.2 Objectives and Scope

Blockchain-based decentralized identity management seeks user control. Digital
identities must be controlled to create, manage, and cancel identities. They can also
select who can access their personal data and how. Decentralized identity manage-
ment emphasizes privacy and security. Personal data should be protected, and cryp-
tography and blockchain’s immutability safeguard identities and attributes against
manipulation and fraud. The interoperability of systems, services, and organizations
are essential. Decentralized identity management should streamline the exchange
and verification of digital identities and credentials, improving user experiences.
This goal requires protocol and format standardization.
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Digital identities must be trusted. Blockchain’s immutability should offer a
tamper-proof way to verify identification credentials. Cryptographic and consensus
algorithms maintain system confidence. Decentralized identity management solu-
tions must be usable and adopted by users. For this, simple and easy identity man-
agement is needed. Developers, stakeholders, and service providers must work
together to create user-friendly apps and interfaces. The decentralized identity man-
agement system must be able to handle multiple users and transactions. Digital
identities and transactions should keep the system efficient and responsive.
Decentralized identity management must comply with regulations and laws. The
system must preserve data and privacy. Identity issues and legal recourse should be
addressed [6].

1.3  Overview of Blockchain Technology

Blockchain-based decentralized identity management is secure, transparent, and
user centric. Blockchain identity management boasts many features.

Distributed ledgers: Blockchain stores identity-related data in a decentralized,
tamper-resistant ledger. Each identity-related transaction, like generating, modi-
fying, or canceling an identity, is stored in a block and connected to the previous
block, producing an immutable data chain.

Self-sovereign identities: Blockchain enables people to control their digital identi-
ties. Public—private key pairs create and manage blockchain identities, thus elim-
inating centralized identity validation and administration. Blockchain-identifying
records are unchangeable and transparent. This secures and verifies the identifi-
cation data. Blockchain transparency allows people and businesses to verify
identity credentials without needing intermediaries [7].

Digital credentials: Blockchain can issue and validate digital credentials. Parties
who rely on blockchain can verify issuers’ public key—signed credentials.
Verifying identification permits selective sharing. Standards enable decentral-
ized identity management interoperability. DIF and W3C open standards like
decentralized identifiers (DIDs) and verifiable credentials provide blockchain-
based identification system compatibility and interoperability.

Privacy-preserving features: With decentralized identity management, someone
can choose to share the required traits or credentials without revealing their
whole identity. Attribute-based access control safeguards personal data.
Blockchain security promotes decentralized identity management. Blockchain
encryption safeguards IDs. Finally, blockchain’s decentralized nature resists
attacks.
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Chapter Objectives:
Examine blockchain-based decentralized identity management difficulties.

Help blockchain-based identity systems to scale.

Present zero-knowledge proofs and confidential transactions to address privacy
and security issues in decentralized identity management.

Discuss decentralized identification system interoperability issues and provide
solutions for data flow between platforms.

Analyze regulatory compliance needs and suggest ways to comply with appli-
cable laws.

Investigate user-adoption issues and propose user-centric interfaces and educa-
tional campaigns to promote decentralized identity solutions.

Showcase successful decentralized identity management installations and case
studies.

Discuss blockchain-based decentralized identity management research and
development.

Chapter Organization

This chapter overviews blockchain-based decentralized identity management and
the benefits associated with it. After that, a discussion of the challenges posed by
distributed identity management follows. Scalability, privacy and security, interop-
erability, regulatory compliance, and user adoption each has its own section in this
chapter. This chapter provides solutions and strategies, and it explores the specific
difficulties in and complexity of each challenge. The solutions include cross-chain
communication, off-chain storage, layer 2 protocols, zero-knowledge proofs, gover-
nance frameworks, user-centric interfaces, and education programs. Case studies
and actual implementations from the real world provide the reader with useful
insights throughout the chapter. The chapter comes to a close with research and
development on a type of decentralized identity management that is based on block-
chain technology, as shown in Fig. 8.1 [8].

Manager Authentication

Credential
Manger

Fig. 8.1 Credential verification guide using dock certs and dock wallets
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2 Fundamentals of Decentralized Identity Management

Decentralized identity management in blockchain technology has the following
core concepts and components.

Decentralization: Identity management is decentralized. Instead of having a cen-
tral authority control users’ identities, the users control them. Users create,
manage, and share their blockchain-stored digital identities. Decentralized iden-
tity management uses blockchain technology. It is a transparent, tamper-proof
distributed ledger. By cryptographically linking blocks, blockchain creates an
unchangeable chain of identifying data. Decentralized identity management
requires self-sovereign identification. It lets people manage and confirm their
identities without central authorities. Users can also create, amend, and revoke
IDs. Decentralized identity management requires cryptography. It secures block-
chain identification data. Public-key cryptography, digital signatures, and hash
functions protect these identity data. Decentralized identity management uses
digital identity traits to represent personal information. Names, ages, addresses,
credentials, and other information may be included. Users can selectively share
attributes and limit whom to share them with [9].

Verifiable credentials: Verifiable credentials are blockchain-issued, stored, and
verified identification credentials. Reliant parties can verify them by using the
issuer’s public keys because they are cryptographically signed. Credentials ver-
ify identification information.

Decentralized identifiers (DIDs): Blockchain users are allocated unique identifi-
ers. DIDs enable decentralized identity reference and interaction. They facilitate
interoperability and both identity resolution and identity discovery across plat-
forms and services.

Interoperability standards: Blockchain-based identification systems must be
interoperable for decentralized identity management to work. DIDs and verifi-
able credentials, established by the Decentralized Identity Foundation (DIF) and
the World Wide Web Consortium (W3C), enable interoperability and compatibil-
ity across platforms.

2.1 Concepts and Terminology

Blockchain-based decentralized identity management is undergirded by several
concepts and terminologies.

Digital identity: A digital identity marks a person’s online presence. Their name,
age, address, biometric data, and other information may be included.

Decentralization: Power is distributed. Decentralized identity management lets
users control their digital identities without intermediaries.
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Self-sovereign identity: People can control their digital identities. Such an identity
allows identity management, regulation, and authentication without third parties.

Blockchain: Blockchain stores data across computers. Cryptography secures
immutable and transparent data. Blockchain underpins decentralized identity
management.

Cryptography: Algorithms protect data. Decentralized identity management pro-
tects data via cryptography, public-key cryptography, digital signatures, and hash
functions. Digital IDs and qualifications are available from trusted partners.
Reliant parties can validate them because they are cryptographically signed by
the issuer. Credentials allow selective identity disclosure.

DIDs: DIDs are unique blockchain identifiers for individuals, entities, and items.
They provide decentralized identification and engagement. They aid cross-
platform identity resolution and discovery. Providers issue and manage these
digital IDs. Decentralized identity management utilizes people, organizations, or
machines as identity providers. Digital identities can also be authenticated.
Identity wallets manage digital identities and credentials. These wallets protect
private keys, manage verifiable credentials, and selectively share identity infor-
mation with service providers [10].

Interoperability standards: Specifications and protocols allow distributed identity
management systems to communicate. Interoperability standards include DIDs,
VCs, and W3C DID and VC standards. Blockchain-based decentralized identity
management is based on and requires these concepts and terminology. They start
user-centric, safe, and privacy-enhancing digital identity management.

2.2 Self-Sovereign Identity

Blockchain-based identity management involves self-identification. It lets people
control, regulate, and authenticate their digital identities without centralized author-
ities. Self-sovereign identity requires user control.

User control: Self-sovereign identification allows for digital identity management.
IDs can be created, edited, and revoked. Users determine identification, data
access, and conditions. Users no longer need centralized identity validation or
administration. Blockchain supports self-sovereign identity. Blockchain’s dis-
tributed ledger protects identification data. The blockchain lets several parties
verify and validate identifying information. Cryptography promotes self-
sovereign identification. Public-key cryptography helps users create and control
cryptographic key pairs: private keys for identity management and public keys
for verification. Digitally signing and encrypting identifiers guarantees privacy,
integrity, and authentication [11].

Self-sovereignty demands verifiable credentials. Trusted organizations issue
digitally signed credentials that can be verified. Public keys enable the selective
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transmission of these credentials without revealing personal information. Self-
sovereign identity systems use interoperability standards. DIDs and verifiable cre-
dentials allow cross-platform identity generation, exchange, and verification.
Interoperability helps digital ecosystem elements verify identities. Self-sovereign
identity applications, services, and domains to be portable. Portability eliminates
the need for different accounts and credentials. Self-sovereign identification shifts
confidence from authorities to users. Cryptography and blockchain transparency
build trust. Cryptographic evidence, decentralized ledger integrity, and identity
management build confidence. Decentralized identity management equips people
with self-sovereign identification. It supports digital interoperability and pri-
vacy [12].

2.3 Decentralized Identifiers (DIDs) and Verifiable Credentials

Blockchain-based decentralized identity management requires DIDs and verifiable
credentials. Digital identities and credentials can be created, exchanged, and veri-
fied in a decentralized way.

Decentralized IDs

* DIDs are assigned by decentralized identification systems. They are globally
unique and platform resolvable.

e DIDs allow identity referencing and interaction without central authorities.
Cryptographic key pairs and Uniform Resource Identifiers (URIs) can control
and authenticate Decentralized Identifiers (DIDs).

* Blockchains and other decentralized systems can store and resolve DIDs, mak-
ing identity management tamper-proof and available worldwide.

Trusted organizations issue verifiable credentials. They reveal selective identifi-
cation without revealing personal information. Issuers cryptographically sign verifi-
able credentials. The issuer’s public keys enable easy verification.

* Independently verifiable credentials include names, ages, educational qualifica-
tions, and membership statuses.
e Verifiable credentials allow users to verify, authenticate, and access services.

Verifiable credentials safeguard privacy in that users pick which credentials to
reveal, when, and with whom.

DIDs and verifiable credentials support blockchain-based identity management.
DIDs provide unique, decentralized DID identification and interaction, whereas
verifiable credentials issue, exchange, and verify reliable, tamper-proof digital evi-
dence of identity attributes or qualifications. These technologies provide user-
centric blockchain identification, privacy, and interoperability [13].
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2.4 Benefits and Use Cases

Blockchain-based decentralized identity management offers various benefits and
uses. Decentralized identity management empowers and protects users. Maintaining,
regulating, and selectively publishing identification attributes improves privacy and
reduces centralized power.

Trust and safety: Blockchain’s immutability and cryptography secure identifica-
tion data. Tamper-resistant blockchains safeguard identities from fraud and data
breaches. Decentralized identity management also improves platform/service
compatibility. Overall, DIDs and verifiable credentials make digital life easier by
helping people to recognize and trust one another.

Saving money: Decentralized identity management removes multiple service log-
ins. Portable identities reduce administrative hassle. Decentralized identity man-
agement also lowers identity authentication costs.

2.5 Decentralized Identity Management

Digital identity verification: Decentralized identity management streamlines cli-
ent onboarding, online service access, and knowing your customer (KYC).
Verifiable credentials also streamline identification verification, and decentral-
ized identity management facilitates cross-border verification. Securely commu-
nicating valid credentials with foreign authorities accelerates cross-border
transactions and minimizes superfluous identification verification. Decentralized
identity management lets people own their data. Allowing used to share only
certain traits limits service providers’ access to their personal data. Data breaches
and illegal access are thereby reduced. Blockchain-based decentralized identity
management can handle supply chains and product authenticity. Verifiable cre-
dentials prevent product counterfeiting and ensure supply-chain transparency.
Decentralized identity management secures and exchanges patient data, improv-
ing healthcare systems. Sharing medical records with providers improves data
privacy, interoperability, and care coordination. Blockchain-based identity man-
agement secures digital voting. It prevents voter fraud by verifying identities, as
shown in Fig. 8.2 [14].

3 Challenges in Implementing Decentralized Identity

Blockchain-based decentralized identity management has many benefits but also
many drawbacks.

Scalability: Concerns about scalability frequently arise with public blockchains
because of the volume of transactions and identity information that they process.
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Fig. 8.2 Key features of and use cases for a blockchain

In decentralized identity management, which stores and manages identity attri-
butes, scalability is crucial for efficient and quick verification and authentication.
Scalability also stores and manages identity attributes.

Privacy and security: Blockchain technology ensures security through immutabil-
ity and decentralized consensus; however, maintaining users’ anonymity is chal-
lenging because of the nature of the platform. A compromise must be struck
between protecting one’s identity and maintaining transparency. It is challenging
to protect the privacy of data and implement privacy-enhancing techniques such
as zero-knowledge proofs without compromising the integrity of the system or
its credibility [15].

Interoperability: Interoperability is a challenge because it is difficult to integrate
blockchain platforms and identity systems. Fluidly sharing data between identity
providers, reliant parties, and verification services is an essential component of
decentralized identity management. Standards and procedures for interoperabil-
ity are required in order to transfer identify attributes from one system to another.

Regulatory compliance: There may be problems with regulatory compliance if
decentralized identity management is used. The laws governing identification,
data protection, and privacy vary widely from country to country and from juris-
diction to jurisdiction. Significant thought and regulatory cooperation are
required in order to bring decentralized identity solutions into compliance with
these standards while also preserving appropriate governance and liability frame-
works [16].

User adoption: It is difficult to change people’s mentalities and actions so that they
will utilize decentralized identification systems. Users need to be informed about
self-sovereign identities, secure digital identity management, and the importance
of placing their trust in the underlying technology and procedures. Increasing
user adoption requires education, sound guidance, and interfaces that are
easy to use.

Infrastructure and integration: Decentralized identity management requires DID
registries, verifiable credential issuers, and reliant party systems. This type of
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management also requires infrastructure and integration. The integration of these
components with identification systems and apps is a complex process that needs
the coordination of stakeholder interests. Both integration and compatibility are
challenging to achieve [17].

Governance and standards: There is no governance model for and there are no

standards in place for decentralized identity management. Ongoing challenges
include developing governance frameworks that are compatible with the decen-
tralized nature of blockchain identity management and developing agreed-on
standards for interoperability, data formats, and verification procedures.

User experiences: User-friendliness drives adoption. Designing intuitive user inter-

faces and integrating technologies are difficult. Cryptographic key management
and decentralized technology might hinder usability. Decentralized identity
management promotes privacy but raises concern about data protection and
General Data Protection Regulation (GDPR) compliance. Cross-border data
flows and the blockchain storage of sensitive personal data make privacy and
regulation challenging to reconcile. Integration and acceptance necessitate
decentralized identity management solution interoperability. Common stan-
dards, protocols, and governance frameworks for identity interoperability across
platforms and services are complex and require stakeholder consensus [18].

Traditional centralized identification systems allow identity recovery and revoca-

tion. Decentralized identity management, where users have full control over their
identities, impedes identity recovery and revocation. Decentralized identity man-
agement laws are changing. Digital identity ownership, liability, dispute resolution,
and cross-jurisdictional difficulties must be solved to legalize and promote decen-
tralized identity solutions. Trusting decentralized identity management systems is
hard. The goal is to encourage individuals, organisations, and service providers to
use identity management solutions for the Internet of Things (IoT), as shown in
Table 8.1 [19].

Table 8.1 Blockchain for IoT applications and features

Blockchain-based IoT descriptions

Sr No. | Properties Technology Application Project Solution
01 Decentralization | Distributed ledger Smart care uPort MyData
02 Immutability Smart contracts Smart grid Idensys | Waypoint
03 Transparency Cryptocurrency Smart city Tradle Bloom
04 Latency Consensus Protocols | Smart finance | Idensys | Uniqueld
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4 Management

4.1 Scalability

Blockchain-based decentralized identity management needs scalability. Scalability
difficulties in public blockchain networks may make identity and transaction man-
agement challenging. Scaling involves the implementation of decentralized Identity
management (DIM), a process aimed at decentralizing identity management.
Blockchain transactions are constrained by time, allowing only one transaction per
second. Increased identities and transactions may shut down the network and raise
transaction fees. Scaling network throughput improves identity management and
allows the network to handle more users [20].

Possible answers: State channels or sidechains can offload transaction processing
from the main blockchain, increasing network capacity.

Sharding: Shards process independently transactions on the blockchain network.
Sharding parallelizes transactions, scaling these networks.

Storage: As identities and credentials grow, so does the need for blockchain stor-
age. This impacts storage costs and availability.

Off-chain storage: Storing identity-related data off chain in decentralized storage
networks like the Interplanetary File System (IPES) reduces blockchain storage
while ensuring data availability and integrity.

Data compression and optimization: Compressing and optimizing blockchain
data storage reduces storage without compromising anyone’s identity. Creating,
maintaining, and confirming IDs require significant computational resources. As
identities and operations grow, blockchain computations can overwhelm those
resources.

* Identity-related techniques and data structures reduce computing overhead.
e TEEs help offload computation, which lessens the blockchain-
processing burden.

Interoperability: Decentralized identity management systems must be interopera-
ble, although scaling may be problematic. Identity and credential communica-
tion across blockchain networks and services requires scalable and efficient
cross-chain communication protocols. DIDs, VCs, and W3C DID and VC stan-
dards can help decentralized identity systems integrate and interoperate. Efficient
cross-chain communication techniques for secure and scalable identification
data transmission can improve interoperability without sacrificing scalability.

4.2 Privacy and Security

Blockchain-based identity management needs privacy and security. Blockchain is
secure, but decentralized identity management privacy and security must still be
considered.
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Selective disclosure promotes privacy: Verifiable credentials allow people to
exchange only transactional information and to do so without revealing personal
information. Minimal disclosure protects privacy. Blockchain-based decentral-
ized identity management allows anonymity, and even pseudonymity protects
private information.

Off-chain storage: IPFS or encrypted storage can protect private data. This safe-
guards sensitive identifying data.

Zero-knowledge proofs: These proofs can verify a claim without needing data.
Cryptographic methods authenticate identification without revealing attri-
bute values.

Safety issues: Decentralized identity management requires strong cryptography.
Public-key cryptography authenticates identities. Identification data are
encrypted and signed. Key management safeguards decentralized identities.
Users must safeguard their identity-controlling private keys. Hardware wallets,
multifactor authentication, and secure key storage help to mitigate key risks.
Blockchain’s immutability safeguards identity-related transactions and data.
Changes to blockchain identity information require authority [21].

Consensus mechanisms: The blockchain network’s consensus process should be
secure to avoid identity data modifications or attacks. Proof of Work (PoW) and
Proof of Stake (PoS) consensus algorithms secure blockchain networks.
Decentralized identity management requires blockchain network security.
Identity data require network-level encryption, safe node connectivity, and
Distributed Denial of Service (DDoS) avoidance. Blockchain allows identity
management audits. Tracking and validating identification data transactions and
modifications improves accountability [22].

4.3 Interoperability

Blockchain-based identity management requires compatibility. Decentralized iden-
tity systems, platforms, and services easily share and analyze identity-related data,
credentials, and interactions. Interoperability is essential for a connected, efficient
ecosystem that trusts identities across domains. Decentralized identity management
interoperability requires specific protocols, technologies, and methods.

Standard protocols: Interoperability requires standardization. W3C standards for
decentralized identity management include DIDs, VCs, and DID authentication.
Standards help systems to read identity-related data uniformly. Cross-chain com-
munication between blockchain networks or decentralized identity platforms
promotes interoperability. ILP and Polkadot exchange identity-related data and
transactions across chains for smooth interoperability [23].

ID bridge technologies: Identity bridges share information across identity systems.
Bridges that transfer credentials and attestations promote network interoperabil-
ity. Chainlink, Sovrin Bridge, and Aries Interop bridge identities. Systems must
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exchange identification data and terminology for semantic interoperability.
JSON-LD standards, for example, provide semantic data interpretation and allow
for the exchange of identity features and credentials. Interoperability requires
blockchain developers, identity management experts, standards groups, and reg-
ulators. Governance mechanisms and industry consortia regulate interoperability
standards. Plug-and-play solutions for decentralized identification systems pro-
mote interoperability. These solutions should follow common standards and
offer interoperability out of the box, allowing enterprises and service providers
to seamlessly join and engage with decentralized identity networks [24].

User-centric methods: User identities should be interoperable across platforms
and services. Users should manage, control, and selectively disclose their iden-
tity attributes regardless of the decentralized identification system. Interoperability
should comply with regulations like GDPR. Interoperable data management
technologies are needed to maintain user confidence and to comply with pri-
vacy rules.

4.4 User Adoption

Users drive blockchain-based decentralized identity management. Adoption limits
the benefits of decentralized identities.

Usability/user experiences: Easy user uptake is needed. Decentralized identity
management systems should include simple setup, onboarding, and use instruc-
tions. Reducing technical complexity and integrating user activities improve
usability.

Education and awareness: Users must grasp the value of decentralized identities.
Few people understand self-sovereign identification and decentralized identity
management. Real-world use cases and success stories may convince skeptics
and encourage adoption. Benefits and incentives may boost the adoption of
decentralized identity solutions. These incentives reduce transaction costs and
improve privacy, security, service access, and identity verification. Demonstrating
how decentralized identity management simplifies and protects users can increase
adoption. User adoption necessitates collaboration between service providers
and businesses. Decentralized identity systems in online marketplaces, social
networks, and banks benefit users. If decentralized identification enhances user
experiences and enables new functions, service providers may adopt and pro-
mote it [25].

Confidence and security: Decentralized identity management solutions require
user confidence. Security measures, user control, data protection, and transpar-
ency about technology and protocols increase user trust. Third-party audits, cer-
tifications, and privacy compliance ensure system security and compliance. User
adoption requires integration with existing identity systems and infrastructure.
Single Sign-On (SSO) lets consumers use their digital identities while moving to



144 A. M. Buttar et al.

decentralized identity management. User adoption requires standardization and
industry cooperation. When systems and platforms follow standards, users can
more seamlessly connect with multiple services and businesses can integrate
decentralized identity solutions. Standardization and industry consortia acceler-
ate the development and implementation of decentralized identity management.
User trust demands GDPR compliance. Demonstrating that decentralized iden-
tity management solutions respect privacy and rules can enhance user confi-
dence [26].

4.5 Regulatory Compliance

Blockchain-based identity management needs regulation. Decentralized identity
systems handle sensitive data, so legal compliance is essential. Regulations on
decentralized identity management must protect users from several concerns.

Data security: Many nations have data-privacy legislation. The European Union
(EU) created the General Data Protection Regulation (GDPR), which governs
data processing and protection. Decentralized identity management solutions
must comply with these rules and lawfully handle user data.

Minimizing personal data: Collecting and processing must use the least number of
personal data needed for identity management and must minimize data retention.

User consent: Users must be informed and express consent before their personal
data are collected and processed. Data-processing objectives must be defined.

Data subject rights: These rights guarantee access to, corrections to, and the dele-
tion of personal data. Data subject requests must be optimized. Decentralized
identity management systems may require identity verification and
KYC. Financial compliance and healthcare compliance are strict to prevent
fraud, money laundering, and identity theft.

Risk-based approach: Transaction and user risks must be identified.

Sector-specific rules: Anti-Money Laundering (AML) and Counter-Terrorism
Financing (CTF) requirements may demand further identification verification;
users must understand this and comply.

Jurisdictional compliance: Decentralized identity management companies must
follow local laws and regulations. Country-specific rules govern personal data
processing and transfer.

Cross-border data transfers: Use data transfer safeguards like Standard
Contractual Clauses (SCCs) or Binding Corporate Rules (BCRs). when moving
personal data across borders.

Data localization needs: Data localization requirements may restrict personal data
storage and processing outside particular geographical borders.

Crisis: Identity data must be protected, so responses to security breaches and data
breaches must be planned.

Monitor regulatory changes and communicate with regulatory agencies or indus-
try bodies to understand decentralized identity management needs and expectations.
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Compliance must be maintained, and updates must be processed. Complex decen-
tralized identity management regulatory compliance is evolving. Legal counsel and
regulatory bodies should advise organizations employing such technologies to com-
ply with local legislation [27].

5 Solutions to Address Challenges

Blockchain-based identity management is hard, requiring layer 2 scaling.

Layer 2 scaling: State channels, sidechains, and off-chain technologies increase the
number of transactions and decrease blockchain network pressure.

e For parallel transaction processing and scalability, shard the blockchain
network.

* Optimized consensus mechanisms such as PoS or dPoS improve performance
and scalability.

» For privacy/security issues zero-knowledge proofs can be used for private,
data-free verification.

* To ensure encryption and confidentiality, only authorized parties can access
sensitive identity data stored on the blockchain or in off-chain storage options.

Hardware wallets, multifactor authentication, and safe storage protect private
keys and identities.

Auditable smart contracts: Smart contracts should undergo rigorous security eval-
uations to find and fix problems.

Interoperability challenges: DIDs, verifiable credentials, and W3C-developed
decentralized identity-related standards can be used to overcome interoperability
challenges. In this way, interoperability and identity data exchange can be
improved [28].

Identity bridge technologies: Interoperable decentralized identity systems and
blockchain networks use identity bridge technologies to exchange credentials
and attestations.

Industry stakeholders, developers, and standards groups should be encouraged to
collaborate and deploy suitable solutions.

User-adoption challenges: To improve user experiences, create simple interfaces
and onboarding for decentralized identity management solutions. Simplify setup,
and give clear instructions.

Education and awareness: Inform users of decentralized identity management’s
security, privacy, and other benefits. Promote awareness, education, and use
cases to highlight decentralized identity’s benefits.

Service providers: Service provides should integrate decentralized identification
solutions, and the ways that decentralized identity can benefit service providers
and users should be demonstrated to them.
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To promote decentralized identity systems, users should be offered lower trans-
action costs, better privacy, or exclusive access to services.

Compliance issues: Consider GDPR and privacy while designing decentralized
identity management solutions. Start development with privacy, data reduction,
and user approval.

Collaboration with regulatory bodies and authorities: Understand and comply
with decentralized identity management laws and regulations. Decentralize iden-
tity regulation frameworks.

5.1 Scalability Solutions

Blockchain identity management needs scalability. Scalability is a problem with
many potential solutions.

Layer 2 scaling: Layer 2 scaling features off-chain transaction processing with
blockchain security. State channels, sidechains, and off-chain protocols work.
Off-chain identity-related transactions improve scalability by recording just the
final judgment on the main blockchain.

Sharding: Sharding splits the blockchain network. Each shard independently han-
dles transactions, increasing network throughput. Sharding parallelizes transac-
tions, reducing congestion and improving scalability. Sharding decentralized
identity systems allows for more identity-related transactions to be carried out.
Consensus procedures also scale blockchains. PoS/dPoS consensus mechanisms
have higher throughput and scalability, and these consensus methods can scale
decentralized identifying systems and require less processing power than PoW
does [29].

Off-chain storage: Storing plenty of identity data on the blockchain can pose scal-
ability concerns. Distributed file systems or decentralized storage networks store
identity data off chain. These systems store identity data safely and cheaply.

Batch processing: Batch processing combines identity-related blockchain transac-
tions. This reduces on-chain transactions, improving scalability. Batch records
contain multiple identity verifications or credential issuances, reducing latency
and transaction throughput by optimizing network architecture. Network parti-
tioning, data compression, and efficient peer-to-peer communication protocols
improve decentralized identification system efficiency and scalability. Blockchain
protocols must be updated. Ethereum 2.0 scales with shard chains and speedier
consensus. Decentralized identity management is subject to upgrades [30].

Continuous R&D: Scalability needs constant innovation. Scalable identity man-
agement protocols and solutions should be built with researchers from the decen-
tralized identity community.
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5.1.1 Off-Chain Storage

Blockchain identity management uses off-chain storage. Storing massive volumes
of identity data on the blockchain is wasteful and limits scalability. Storing identity
data off chain is cheaper and more scalable. Off-chain storage systems store data
and both secure and verify identity data [31].

Decentralized storage: IPFS and Swarm segment data, distribute them between
nodes, and ensure data availability.

* Blockchain-based storage marketplaces include Filecoin and Sia. Renting
network storage guarantees data durability and redundancy.

* Amazon S3 and Google Cloud Storage store identification data off chain.
Blockchains store cloud data references and cryptographic evidence.

* Off-chain storage helps blockchains scale by reducing the number of on-chain
data. Decentralized identification systems can manage more transactions
and users.

Cost-effectiveness: Computational and storage requirements make blockchain data
storage expensive. Off-chain identity data storage is cheaper.

Flexibility: Off-chain storage solutions offer a variety of data formats, protocols,
and access controls. They can save images, videos, and papers for identity data.

Privacy: Off-chain storage options keep personal data off the blockchain. Off-chain
data are secure and confidential, while on-chain data are just cryptographic proofs.

Blockchain security: Blockchains secure off-chain data. Merkle trees, digital sig-
natures, and hash pointers enable this link. These methods audit off-chain data by
using blockchain data.

Tradeoffs and considerations: Off-chain storage offers affordability, scalability,
and tradeoffs. Storage providers safeguard off-chain data. Users should choose
only reliable storage networks.

Data availability: Off-chain storage systems need redundancy and availability to
prevent data loss and must encrypt data and restrict off-chain data access to only
authorized parties.

Synchronization and consistency: Keep blockchain and off-chain identifying data
consistent. Decentralized identity management can handle huge identity data
with off-chain storage. Off-chain storage saves money, scales decentralized iden-
tity systems, and protects privacy [32].

5.1.2 Sharding and Layer 2 Solutions

Sharding and layer 2 enable blockchain-based decentralized identity management.

Sharding: Sharding splits the blockchain network. Each shard performs transac-
tions independently and simultaneously.

Benefits of sharding: Sharding lets multiple shards process transactions simultane-
ously, increasing network throughput. Decentralized identity systems handle a
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greater volume of identity-related transactions compared to centralized alterna-
tives, and sharding optimizes efficiency by distributing transaction loads across
multiple shards, reducing network congestion and improving efficiency. This
scales with the speed of transaction confirmations.

Shards process transactions individually. Decentralized identification systems
scale horizontally.

Layer 2: Layer 2 refers to blockchain-secured off-chain transaction processing. On-
chain transactions can be reduced to scale.

Layer 2 decentralized identity management methods: State channels allow off-
chain transactions without blockchain recording. Blockchain transactions are
private and safe. Identification verification uses state channels. Sidechain iden-
tity transactions lighten blockchains, and sidechains are faster and more custom-
izable for decentralized identity systems.

Off-chain protocols: Bitcoin’s lightning network offers secure, scalable off-chain
transactions. Participants use payment channels to settle off-chain transactions
on the main blockchain. Off-chain identity interactions scale. Layer 2 solutions
scale decentralized identification systems by off-chaining transactions. These
solutions improve identity-related transaction confirmation speeds, reduce costs,
and increase scalability. However, sharding and layer 2 have perks and cons.
Decentralized identity management systems must be properly planned, imple-
mented, and tested to ensure data confidentiality, integrity, and consistency and
to improve scalability [33].

5.2 Privacy Solutions

Blockchain identity management demands secrecy.

Privacy options: Off-chain storage solutions keep sensitive identifiable data off the
blockchain. Off-chain encryption provides privacy. On-chain data access and
sharing improve privacy.

ZKPs: Zero-knowledge proofs use cryptography to verify a statement without
revealing any facts. ZKPs can validate identities without revealing personal
information, thanks to decentralized identity management. They enable users
show their qualifications without sharing their sensitive data. Differential privacy
makes query responses and statistical analysis noisy, making data points hard to
identify. Aggregating and analyzing identification data in decentralized identity
systems protects user privacy. ZKPs encrypt blockchain or off-chain identifica-
tion data, and encryption protects data. Symmetric, asymmetric, or homomor-
phic encryption protects identity data.

Data minimization: Only important identity-related data should be stored on the
blockchain. Data minimization reduces privacy breaches. Decentralized identity
systems should store only those data needed for specific interactions and should
keep sensitive data off chain. Privacy-protecting smart contracts can privately
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carry out identity-related computations by using state channels or encrypted data
structures. Users should control their identity data and carefully choose which
credentials to share, with whom, and why. Transparent consent and user-friendly
interfaces enable privacy control [34].

Privacy by design: Decentralized ID systems start with privacy. To prioritize pri-
vacy throughout the system’s lifecycle, privacy-enhancing methods and best
practices should be followed and privacy impact evaluations should be car-
ried out.

5.2.1 Zero-Knowledge Proofs

Zero-knowledge proofs (ZKPs) use cryptography to prove a proposition to a verifier
without giving any additional information. ZKPs increase blockchain-based iden-
tity management privacy and secrecy and have several other uses.

Identity authentication: ZKPs can authenticate an identity without revealing it.
Users can prove they’re at least 18 years old without disclosing their respective
birthdays. ZKPs enable the prover to prove characteristics or circumstances
without revealing sensitive information. ZKPs allow selective identity-related
disclosure. Users can verify themselves anonymously and can confirm their aca-
demic degree without revealing their university or course. ZKPs authenticate
knowledge without revealing it. A verifier can verify users without revealing
network credentials. This reduces credential theft and interception [35].

Privacy-preserving transactions: ZKPs can be used to prove whether participants
have sufficient cash or meet certain conditions, without disclosing their transac-
tion history or the amount transferred. This safeguards financial transactions.
ZKPs preserve input privacy for safe multiparty computing. This may help with
complex identity-related data operations like aggregating statistics or data analy-
sis in decentralized identity management without revealing individual data points.

Credential revocation: ZKPs can authenticate credential revocation without
revealing the credentials or user privacy. This detects revoked credentials and
blocks their use.

5.2.2 Confidential Transactions

Blockchain-based decentralized identity management uses cryptographic confiden-
tial transactions to protect privacy. Confidential transactions hide blockchain trans-
action quantities. Traditional blockchains show transaction amounts to all
participants. Confidential transactions encrypt amounts for only the intended recipi-
ents while allowing the network to validate the transaction.

Pedersen commitments: Cryptographic frameworks hide and verify value in con-
fidential transactions. Pedersen commitments blindly encrypt transaction
amounts. The blockchain verifies this promise without revealing the amount.
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Range proofs validate confidential transactions. Cryptographic range proofs con-
firm that the committed value is positive or within a given maximum value.
Range proofs enable the network to verify transaction amounts without releasing
them. Decentralized identity management hides identity-related transaction
quantities with confidential transactions. To prevent identity-related behavior-
inference or behavior-correlation attacks, identity verification systems can keep
transaction amounts private. Confidentiality protects decentralized identity man-
agement systems during financial transactions. Participants can trade without
disclosing account balances or transfer amounts. This safeguards identity man-
agement ecosystems during financial transactions [21].

Privacy-safe smart contracts: Confidential smart contracts protect sensitive data.
Smart contracts may compute secret transaction amounts without disclosing
them, maintaining blockchain integrity and privacy in complex procedures.
Decentralized identity management protects privacy with confidential
transactions. Confidential transactions let users privately carry out identity-
related tasks while they benefit from blockchain transparency, immutability, and
security.

5.3 Interoperability Solutions

Interoperability lets blockchain-based decentralized identity management systems
and networks share identify data.

Interoperability Standards

Interoperability standards allow decentralized identification systems to share data.
DIF, W3C verifiable credentials, and DID standards promote identity management
solution interoperability.

Universal identifiers: Decentralized identifiers (DIDs) standardize blockchain
identity descriptions. DIDs enable blockchain and decentralized identity plat-
form interoperability by recognizing and referencing identities. Cross-chain
interoperability lets blockchain networks share assets, including identity data.
Atomic swaps, sidechains, and interoperability protocols (e.g., Polkadot and
Cosmos) allow data and assets to smoothly migrate across blockchains, boosting
decentralized identification system compatibility. Blockchain networks connect
by using interchain communication protocols. Protocol-level interoperability is
enabled by secure, trustless interblockchain communication (IBC).
Interblockchain communication protocols transmit identification data and cre-
dentials across blockchain networks [36].

Bridge solutions: Bridge solutions allow the interoperation of dispersed identity
systems. These bridges allow systems to communicate and exchange identity-
related data between formats, protocols, and standards. Developers can combine
many decentralized identification systems by using open Application
Programming Interfaces (APIs) and Software Development Kits (SDKs). Open
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APIs help identity management platforms to share data. Blockchain platforms,
identity suppliers, and standardization organizations must collaborate for
interoperability. Collaboration may involve standardization, best practices, and
cross-platform compatibility. Decentralized identification systems can overcome
siloed approaches by using interoperability solutions. Interoperability makes
decentralized identity management more useful, scalable, and successful by inte-
grating the digital identity ecosystem [37].

5.3.1 Cross-Chain Communication

Blockchain-based identity management requires cross-chain communication for
interoperability. Blockchain networks can share identity data and transactions.
Atomic swaps enable blockchains to trade assets, including identity data, without a
trusted intermediary. Users can securely transport currencies or data across block-
chains without carrying out centralized exchanges.

Pegged assets: Sidechains are interoperable. Transferring identity-related data and
assets between the main blockchain and sidechains enables scalability and spe-
cialized services. Backing tokens on one blockchain with assets on another con-
fers cross-chain value and allows data exchanges. interoperability protocols such
as Polkadot, Cosmos, and Aion connect blockchains. These protocols allow
blockchain transactions, data sharing, and decentralized identification system
interoperability. Interblockchain communication (IBC) lets Cosmos blockchains
interchange data. It secures and decentralizes identification data interchange
between blockchains.

Wrapped tokens: One blockchain represents another. They confer cross-blockchain
value and enable data transactions. Wrapped tokens link blockchain credentials
and reputation scores. Oracles link blockchains to external data. Smart contracts
and decentralized apps leverage their data. Oracles can connect blockchain net-
works and add identification data. Cross-chain smart contracts execute logic and
actions. They allow for identifying transactions between blockchain-based
decentralized identity systems. Cross-chain communication solutions move
identity-related data, assets, and transactions between blockchain networks for
decentralized identity management. Security, consensus, and governance are
needed to protect identity-related interactions across blockchains [29].

5.3.2 Standardization Initiatives

Standardization aids blockchain-based decentralized identity management and
interoperability. Field standardization requires the DIF to create interoperable
decentralized identification standards and protocols. The DIF specifies DID, verifi-
able credentials, and DID authorization. Standards enable decentralized identity
management and system interoperability. W3C standards are global, and W3C
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standardizes decentralized identity technology. This group developed the verifiable
credentials specification for issuing, verifying, and sharing digitally signed creden-
tials. Linux Foundation open-source Hyperledger Indy has also created a decentral-
ized identity platform. It provides decentralized identity management tools, libraries,
and protocols. Hyperledger Indy’s Aries framework supports identity system com-
patibility and safe peer-to-peer connectivity.

Internet identity workshop (IIW): The community-driven IIW gathers people and
organizations working on decentralized identity and related technologies. ITW
standardization can be explored by industries, researchers, and practitioners.

European Blockchain Services Platform (EBSI): This EU initiative offers a reli-
able and interoperable blockchain platform for public services. EBSI’s eSSIF
covers identity management standards and specifications.

The nonprofit InterWork Alliance (IWA) has created tokenization, smart con-
tract, and blockchain interoperability standards. The IWA may affect multichain
identity management. Developers, researchers, and stakeholders establish specifica-
tions, protocols, and best practices. Standards enable decentralized identity man-
agement interoperability, adoption, and consistency. These projects work together
to develop blockchain-based decentralized identities [38].

5.4 User-Adoption Solutions

Users drive blockchain-based decentralized identity management through their
acceptance, which is facilitated by several features.

User-friendly interfaces: Intuitive interfaces retain users. Decentralized identifica-
tion apps should require no technological expertise. User education is needed,
however, for decentralized identity acceptance. Consumers may learn to under-
stand decentralized identity management through workshops, webinars, and
education. Incentives can encourage decentralized identity solution adoption and
use. Token-based loyalty schemes boost ecosystem participation.

Collaboration: Decentralized identification solutions can help people embrace
existing platforms and processes. Integration with popular apps, social media,
and financial institutions can attract users and simplify decentralized identity.

Privacy and data ownership: Privacy-conscious consumers would like this.
Decentralized identity’s data control and privacy can boost adoption.

Pilots and use cases: Successful pilots and real-world use cases demonstrate decen-
tralized identification. Effective decentralized identification solutions for health-
care, supply chains, and finance can enhance confidence and acceptance.

Industry partners: Governments, businesses, and service providers increase user
adoption. Strategic partnerships can increase the value of decentralized identity
as more organizations and people join the ecosystem.

User assistance and feedback: Reliable user help and active user feedback improve
the user experience and fix issues. User feedback promotes advancements to
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decentralized identity solutions. Regulations and standards increase user trust.
Data security, data privacy, and industry standards improve the legitimacy and
adoption of decentralized identification systems.

Scalability and performance: Large user and transaction counts necessitate scal-
able and performant decentralized identity solutions. Users choose technologies
that meet their needs quickly and smoothly.

5.4.1 User-Centric Interfaces

User-centric interfaces boost blockchain-based decentralized identity management
adoption and experience. User-centered interface design has several important
features.

Easy onboarding: Decentralized identity setup should be easy upon onboarding.
Clear explanations and minimal technical jargon facilitate basic setup.
Consumers’ mental models must align with sensible user flows. The decentral-
ized identity management system should have an intuitive User Interface (UI)
and should avoid information overload. Visual cues, icons, and tooltips provide
context and interface direction. Users’ credentials and transaction information
should easily be displayed.

Visualizations: Complex decentralized identity ideas should be explained with dia-
grams or flowcharts. Visuals can explain blockchain identification and data man-
agement. Visuals must allow interface customization for layouts, colors, and
notifications. Ownership and customization let users access the decentralized
identity management system [14].

Transparent control: Users need to be able to view and manage their identity-
related data, so transparent controls must allow users to choose which identity
information to share and with whom. These controls prioritize consent and make
access revocation easy.

Mobile-friendly design: Such a design creates responsive interfaces on various
devices for the users of decentralized identity management systems. For consis-
tency, mobile apps and responsive web interfaces should be tailored to being
used on smaller screens.

Help: User-centered interface design offers significant interface-based supports,
such as frequently asked questions (FAQs), knowledge bases, chatbots, and cus-
tomer service. To improve user confidence in the decentralized identity system,
it must swiftly respond to user inquiries and provide clear support.

Usability testing and iterative design: Such testing provides user feedback, which
will inform future improvements. An iterate Ul is based on user feedback. To
generate a user-centered design, always test and validate it.

Accessibility: A multiuser interface improves user accessibility. Consider color
contrast, typeface size, screen reader compatibility, and keyboard navigation.
Accessible interfaces promote adoption.
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5.4.2 Education and Awareness

Blockchain-based identity management requires education and awareness. There
are several awareness-raising methods available.

Educational resources: Decentralize identity management concepts, benefits, and
use cases via whitepapers, manuals, tutorials, and movies. Technical and non-
technical audiences should find these items useful.

Workshops and training: Decentralized identity management workshops, semi-
nars, and training are available for individuals, corporations, and organizations.
These events offer real use cases, demonstrations, and hands-on experiences.

Online forums: Decentralized identity management aficionados should have online
groups and forums for them to discuss, learn, and share ideas. Participation,
cooperation, and best-practice sharing boost learning on these platforms.

Industry conferences: Identity, blockchain, and digital identity conferences should
present, conduct panels, and engage participants to promote decentralized
identity management and its benefits. Professionals network at these events.
Decentralized identity management should be integrated into academic courses
and university-research cooperation. This connection can nurture future special-
ists and innovators and can improve academic—industry information transfer.
Success stories on decentralized identity management should be showcased.
These examples demonstrate the technology’s applications, benefits, and conse-
quences, encouraging others to explore it [39].

Tech communities: Developer networks and technology forums need to reach
techies. Developer guides, code samples, and SDKs incorporate decentralized
identity management into new and existing applications. Developers can improve
technology by experimenting. Social media, blogs, podcasts, and online publica-
tions can be used to promote decentralized identity management; useful articles,
interviews, and success stories promote the technology; and working with digital
identification and blockchain technology industry alliances, standards bodies,
and advocacy groups also promotes the technology. Industry-wide initiatives,
working groups, and standardization increase awareness, align best practices,
and establish a cohesive ecosystem [40].

Public education: Educating the public should promote decentralized identity
management. These advertisements support self-sovereign identification, data
privacy, and security and warn against centralized identity systems.

5.5 Regulatory Compliance Solutions

Blockchain identity management involves regulatory compliance. Although regula-
tory compliance comes with problems, several solutions are available.
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Comply with laws: GDPR, identity verification, and sector-specific compliance
standards should be monitored. Decentralized identity management solution
must meet these laws’ exact requirements.

Privacy by design: Privacy must be built into any decentralized identity manage-
ment system. Privacy regulations require data reduction, consent management,
and purpose limitation. They must encrypt and pseudonymize user data.

Data governance and consent management: User data must be handled with
effective data governance, such as by following data ownership, storage, and
access policies. User consent management technologies let people control their
data and make informed decisions about their use and dissemination.

Compliance auditing and reporting: Any decentralized identity management sys-
tem’s regulatory compliance must be regularly examined. Records must be
maintained to establish compliance and report to regulators.

Secure and immutable audit trails: Blockchain technology’s transparency and
immutability enable secure, tamper-proof audit trails. These audit trails track
user interactions, credential issuances, and consent management to ensure com-
pliance. Any decentralized identity management system should have strong
identity verification and anti-money laundering protocols. Fraud prevention
requires AML-compliant user onboarding, identity verification, and transaction
monitoring. Compliance requirements can be discussed with regulatory agencies
and authorities. Joining regulatory compliance industry alliances and working
groups can help [41].

Compliant smart contracts: Decentralized identity management smart contracts
must meet legal and regulatory requirements. Contracts should stipulate
compliance.

Legal issues: Knowing how a decentralized identity management system affects
jurisdiction will help when adjusting to them. Identity, data, and privacy regula-
tions vary by country and jurisdiction, so every system must be adjusted
accordingly.

Monitoring and adjusting: Compliance legislation changes. Every decentralized
identity management system should meet the new regulations. When a compli-
ance program’s rules change, adjust the system to maintain compliance.

5.5.1 Collaboration with Regulatory Bodies

Blockchain-based decentralized identity management needs regulatory coopera-
tion, which necessitates communicating with decentralized identity management
regulators. Government, regulatory, and industry-specific identity management and
data-privacy organizations must be considered when working with regulators.

Join regulatory consultations: Participate in digital identification, blockchain, and
data-protection regulatory working groups. Consult industry experts on decen-
tralized identity management regulatory frameworks. Discuss regulations and
blockchain-based identity systems [5].
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Request regulations: Ask regulators about decentralized identity management
compliance and best practices. Discuss regulatory requirements and the techni-
cal capacity to comply.

Educate regulators: Inform authorities on blockchain-based decentralized identity
management’s benefits, technicalities, and prospects. Explain how the technol-
ogy improves privacy, security, and user control. Help regulatory agencies to
understand and address decentralized identity management.

Pilot programs: Pilot or test decentralized identity management technologies in
regulatory sandboxes. These applications simulate blockchain-based identity
system regulations and practicalities. They allow regulator—innovator collabora-
tion and real-world testing.

Proportional regulation: Balance innovation with consumer protection regula-
tions. Decentralized identity management can address privacy, security, and user
empowerment, but flexible regulatory procedures are needed to enable innova-
tion, interoperability, and market competitiveness.

Regulatory compliance: Create a decentralized identity management system that
meets regulations. Comply with regulators and apply system controls.
Compliance conversations help to ensure regulatory compliance.

Transparency and regulatory reporting: Alert regulators. Generate reports,
respond to regulatory enquiries, and resolve compliance issues swiftly.
Decentralized identification systems are trustworthy when transparent and
regulated.

Industry standards and certification: Create decentralized identity management
standards and certification frameworks with regulatory authorities and industry
associations. Standards and certification collaboration ensure system and pro-
vider standardization, interoperability, and compliance. Actively monitor com-
pliance in any decentralized identity management system. Internal audits, proper
compliance records, and regulatory compliance analysis are essential. Fix com-
pliance issues [42].

5.5.2 Adaptable Frameworks

Blockchain-based decentralized identity management must adapt to user, enter-
prise, and regulatory needs. Making adaptable frameworks requires attending to
several considerations.

Modular architecture build: Use a modular architecture build to produce a modu-
lar, decentralized identity management platform. Modularity lets the system
adapt to changing needs without disrupting any infrastructure.

Standards adherence: Integrate with various identity management systems by fol-
lowing industry standards and compatible protocols. Standardization promotes
interoperability, cross-platform communication, and decentralized identity.

Plug-and-play parts: Create a plug-and-play framework for users and organiza-
tions to choose and integrate components. Customers can modify and scale, add-
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ing features as needed. Customize the system with framework configuration
options. Privacy, consent, authentication, and identity verification are included.
Established user settings ensure privacy and regulatory compliance.

Governance and consensus systems: Establish governance mechanisms for
decision-making and community involvement. Stakeholders can influence iden-
tity management through consensus, voting, or Decentralized Autonomous
Organizations (DAOs).

Upgradability and compatibility: Support new blockchain, identity, and cryptog-
raphy standards. The framework can adapt to technical, security, and regulatory
changes without rebuilding.

Legality: Regulate framework design and architecture. Data protection, identity
verification, and compliance are included. The framework’s flexibility permits
regulatory-specific compliance.

Cooperative feedback: Facilitate framework input to engage users, developers,
and stakeholders. Examples of feedback input includes user input, developer
communities, and open-source contributions. Community input improves the
framework.

Developer tools: Provide detailed documentation, developer resources, and APIs to
integrate and develop applications and services on the framework. Clear docu-
mentation lets developers personalize the framework.

Trials and pilots: Test and pilot the framework’s functionality, usability, and flexi-
bility in the real word. User, organization, and regulatory agency comments can
improve the framework [43].

6 Case Studies and Existing Implementations

Decentralized identity management case studies use blockchain.

Sovrin: Blockchain-based Sovrin gives global self-sovereign identity. Individuals
and organizations can govern their digital identities with its decentralized identi-
fication infrastructure. Sovrin protects identity interactions with DIDs, VCs,
and ZKPs.

uPort: This Ethereum-based self-sovereign identity manages digital identities and
personal data and selectively shares information with service providers.
Decentralized Identifiers (DIDs), Distributed Key Management System (DKMS),
and smart contracts personalize identity management for uPort.

Microsoft’s DID framework: W3C standards underpin Microsoft’s DID frame-
work. Users can create, own, and control their digital identities for privacy and
interoperability. Microsoft supports blockchain, identity hubs, and decentralized
key management.

Civic: Civic authenticates identities and shares personal data with trusted entities by
using blockchain technology. Civic’s decentralized identification enables users
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to save and share their identity information on their devices. Civic uses block-
chain to safely and openly verify IDs.

Verity: Evernym’s decentralized identity platform allows organizations to issue and
verify VCs. Sovrin’s distributed ledger secures and interoperates self-sovereign
identification for Verity. It manages passwords, data, and privacy-enhanced dis-
closures [44].

6.1 Identity Management in Healthcare

Blockchain-based decentralized identity management benefits healthcare.
Healthcare blockchain-based decentralized identification management has several
key features.

Blockchain protection: Blockchain protects patient identity verification.
Decentralized ledgers protect patient data against identity theft and fraud.
Patients can easily share verified information with healthcare institutions and
control their identities. Blockchain-based decentralized identity management
interoperates medical records. Patients may access and share their medical
records among providers with a single digital identity, eliminating data entry and
improving care coordination. While sharing, blockchain secures patient data.
Blockchain technology enables patients to give fine-grained data-sharing con-
sent. The blockchain allows patients to choose which healthcare institutions can
access their medical data and for what purposes. This enhances patients’ data-
sharing decisions and safeguards their privacy [45].

Clinical trials and research: Blockchain-based decentralized identity manage-
ment simplifies patient recruitment. Securely combining patients’ identities with
their health data on the blockchain lets researchers quickly identify qualified
participants while maintaining patients’ privacy and data integrity. Patients may
thus entrust their data to research.

Prescription and medication management: Blockchain enhances security and
traceability. The blockchain can link patients’ digital identities to their pharma-
ceutical records, reducing medication errors, counterfeit drugs, and supply-chain
tracking. Blockchain-based identity management protects healthcare data. Only
authorized parties can decrypt blockchain-stored patient IDs and sensitive health
data. Decentralized identities (DIDs) and verifiable credentials (VCs) increase
privacy by reducing the level of personal data disclosure.

Blockchain-based identity management detects and prevents healthcare fraud. A
secure patient identity and healthcare transaction record helps detect fraud.
Blockchain’s transparency allows auditors and authorities to investigate suspicious
activities and protect the healthcare system. Decentralized identity management
allows patients to have more control over their health data. Patients can choose
healthcare providers, revoke access to their data, and view data use. Patient trust and
healthcare engagement therefore increase. Decentralized identity management must
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involve healthcare providers, technology vendors, regulators, and patients. Legal,
regulatory, data-protection, and healthcare industry norms and sensitivities must be
addressed. Blockchain-based decentralized identity management could improve
patient care, data security, and interoperability in the healthcare industry [46].

6.2 Digital Identity for Financial Inclusion

Financial inclusion is possible with blockchain-secured digital IDs. Decentralized
identity management helps financial inclusion in several ways:

Identity verification: Blockchain-based decentralized identity management lets
undocumented people construct digital identities. Financial businesses can ver-
ify IDs by using blockchain’s immutability and cryptography. This helps people
who lack official documentation or who have limited identity verification
systems.

Financial services: Decentralized identity management enables remote access to
financial services. Blockchain-based identities establish trust and trustworthi-
ness, enabling bank accounts, loans, and formal financial participation.

Cross-border payments: Blockchain-based identities enable faster, cheaper cross-
border payments, especially for those without bank accounts. Decentralized
identities offer fast, secure identity verification and cross-border transactions.
Decentralized identity management improves microfinance and peer-to-peer
lending networks. Blockchain-based identities help financially excluded people
to access microloans and peer-to-peer loans and showcase their creditworthi-
ness [47].

Transfers: Blockchain-based digital IDs simplify and safeguard underserved trans-
fers. By establishing their identities on the blockchain, individuals can verify
their eligibility to receive remittances, reducing transaction costs and expediting
and securing cross-border transactions.

Financial data privacy and security: Blockchain-based decentralized identity
management gives people control over their financial data. Self-sovereign identi-
ties allow individuals to choose to share financial information to financial service
providers, retaining data privacy while accessing crucial services. This safe-
guards data and gives users more control. Blockchain-based decentralized iden-
tity management simplifies KYC for financial institutions. The blockchain can
verify identity once and share it with several organizations, saving time. Financial
institutions can meet regulations without burdening consumers. Financial inclu-
sion requires financial institutions, technology vendors, regulators, and local
communities to adopt decentralized identity management. Legal, regulatory,
data privacy, and underrepresented demographic demands must be addressed.
Blockchain technology for decentralized identity management can promote
financial inclusion by allowing safe and portable identities to access important
financial services and participate in the global economy [48].
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6.3 Decentralized Identity for IoT Devices

Blockchain-based decentralized identity management improves IoT-device secu-
rity, interoperability, and data privacy. Decentralized IoT identity builds trust in
using [oT devices:

Device trust: Blockchain-based decentralized identity management secures IoT-
device authentication and confers trust. A blockchain-stored DID can identify
each device. Authenticating and securely connecting devices, networks, and apps
reduces the risk of unauthorized access and device spoofing. Decentralized iden-
tities allow IoT devices to safely share data and communicate with other plat-
forms. Verifiable credentials and cryptography protect shared data. Decentralized
identity management makes [oT devices and platforms compatible. Identity pro-
tocols and blockchain-based IDs allow IoT devices to share data across networks
and ecosystems. This simplifies [oT system management. loT-device owners can
control their data by using decentralized identity management. Companies using
device data can receive granular approval from owners. Finally, privacy and IoT-
device data management are protected [49].

Blockchain-based decentralized identity management can provide supply-chain
IoT devices with unique identities, boosting transparency. These IDs can verify the
origin, legitimacy, and supply-chain movement of products, boosting stakeholder
trust [50]. Decentralized identity management secures IoT firmware updates.
Blockchain device IDs allow approved firmware changes. Blockchain immutability
allows firmware auditing and verification, reducing malicious manipulation.
Decentralized identity management helps IoT systems save electricity. Blockchain
identities and cryptographic keys enable device energy optimization and safe access
control. Optimization saves energy and money. Blockchain, identity protocols, and
IoT platforms enable decentralized IoT identity management, addressing scalabil-
ity, interoperability, and device resource restrictions. Decentralized identity unlocks
the full potential of the Internet of Things by ensuring data integrity, user control,
and security for [oT devices [51].

6.4 Cross-Border Identity Verification

Cross-border ID verification is difficult. Blockchain-based decentralized identity
management improves the efficiency, security, and privacy of cross-border identity
verification. Decentralized identity management grants autonomy. Cross-border
verification lets people pick which identification information to share, which
enhances data security. Decentralized identification aids cross-border identity
verification.
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Valid credentials: Blockchain-based decentralized identity management leverages
the digitally signed statements of trusted institutions. Names, birthdates, and
addresses are verifiable. These credentials can be transferred internationally and
confirmed by trusting parties without relying on centralized identity providers,
reducing dependence on identification certificates. Blockchain verifies identify-
ing records. Blockchain-stored identity data can lessen the risk of fraudulent IDs
or tampering during cross-border verification. Blockchain-based decentralized
identity management improves international interoperability and homogeneity.
By using similar identity protocols and standards, cross-border verification sys-
tems may verify identities across blockchain platforms and jurisdictions [52].

Blockchain-based decentralized identity management lets trusted entities attest
to identities. These attestations authenticate identity. Cross-border verification can
create confidence and confirm identities through these attestations. Blockchain con-
sensus checks identity. Consensus techniques in cross-border verification systems
verify identities and thwart fraudulent information. Zero-knowledge proofs or
selective disclosure can protect privacy during cross-border identity verification
with blockchain-based decentralized identity management. These technologies
allow consumers to verify their identities without disclosing personal information,
increasing privacy and lowering data exposure. Collaboration among governments,
identity issuers, dependent parties, and technology suppliers is needed for decen-
tralized cross-border identity verification. Legal, regulatory, data-protection, and
privacy issues must be addressed to ensure compliance and build trust. Blockchain-
based decentralized identity verification could simplify and secure cross-border
identity verification, boosting privacy and user control, as shown in Fig. 8.3 [53].
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7 Conclusion and Future Directions

Blockchain-based decentralized identity management can solve identification sys-
tem issues and offer new avenues for individuals, corporations, and industries.
Blockchain’s immutability, security, and decentralization enhance identity manage-
ment’s privacy, control, and interoperability. DIDs, self-sovereign identities, and
verifiable credentials provide users with more identity control. They can selectively
share verified credentials with trusted partners, eliminating centralized identity pro-
viders and reducing data breaches and instances of identity theft. Identity manage-
ment empowers users. Blockchain-based identification solutions can improve
security, streamline processes, and enable new business models in healthcare,
finance, supply chains, and the IoT. Decentralized identification may affect patient
identification, financial inclusion, supply-chain transparency, and IoT-device
management.

Making decentralized identity management more popular would require over-
coming many difficulties. Scalability, privacy, interoperability, regulatory compli-
ance, and user acceptance matter. Off-chain storage, sharding, zero-knowledge
proofs, and regulatory involvement can address these challenges and expand
adoption.

Blockchain-based identity management needs further research, standardization,
and industry involvement. Consensus algorithms, privacy-preserving approaches,
and cross-chain communication protocols improve the scalability, security, and
interoperability of decentralized identification solutions. User adoption and compli-
ance require user-friendly interfaces, education, and regulations. Blockchain tech-
nology has the potential to transform digital identity management. Decentralized
blockchain identity management might empower individuals, improve privacy and
security, and enable trusted cross-border transactions.

7.1 Summary of Findings

Blockchain-based decentralized identity management alters digital identities.
Identity management is also decentralized. The conceptual framework of block-
chain is undergirded by self-sovereign identities, where users can choose to share
verified credentials with trusted parties. Decentralized identity management
enhances privacy, security, and control. It secures identity verification, promotes
platform and jurisdiction compatibility, and removes centralized identity suppliers.
Healthcare, finance, supply-chain, IoT, and cross-border identity verification use
can be leveraged for decentralized identity management. Decentralized identity
management promotes financial inclusivity, supply-chain transparency, secure ser-
vice access, and loT-device connectivity. Decentralized identity management chal-
lenges include scalability, privacy, interoperability, regulatory compliance, and user
uptake. Off-chain storage, sharding, zero-knowledge proofs, standardization,
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user-centric interfaces, education, and regulatory collaboration are needed to over-
come these challenges.

Decentralized identity management has numerous solutions, namely sharding,
layer 2 scaling, and off-chain storage scaling. Confidential transactions and zero-
knowledge proofs promote privacy and security. Standards and cross-chain com-
munication enable interoperability; user-centric interfaces and education encourage
uptake; and regulatory body participation ensures compliance. Decentralized iden-
tity management needs research, standards, and collaboration. Consensus tech-
niques, privacy-preserving procedures, and cross-chain communication protocols
can increase the scalability and security of decentralized identification solutions.
Adoption and compliance require user-friendly interfaces, education, and regula-
tory frameworks.

7.2 Future Research and Development Opportunities

Blockchain-based decentralized identity management research could focus on user
experiences, regulatory frameworks, case studies, scales, and decentralized identifi-
cation solutions:

Studying scales and decentralized identification solutions: Researchers could
study solutions for sharding, off-chain storage, and layer 2 that accommodate
additional users and transactions without compromising security or performance.
Research could improve decentralized identity management privacy and secu-
rity. Zero-knowledge proofs, homomorphic encryption, and secure multiparty
computing protect user data and transactions while speeding up verification and
authentication. Decentralized identification systems and platforms need interop-
erability standards. To facilitate data exchange among blockchain-based identity
solutions, future research could create and promote common identity protocols,
data formats, and interoperability standards.

User experiences: For widespread use, decentralized identity systems must improve
the user experience. Thus, researchers could study user-centric interfaces, intui-
tive mobile apps, and user-friendly decentralized identity management solutions.
Awareness campaigns could boost decentralized identity management
acceptance.

Governance and regulatory frameworks: Research could provide decentralized
governance and regulatory frameworks for blockchain identity management.
Legal issues, liability frameworks, decentralized dispute resolutions, and identity
management systems should be included. Integrating decentralized identity
management with upcoming technologies could offer new avenues. Research
could connect decentralized identities with IoT devices, artificial intelligence
(AI), Machine learning (ML), and edge computing to enable secure, privacy-
preserving interactions in complex and dynamic scenarios.
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Case studies: Industry-wide case studies could improve decentralized identifica-

tion solutions. Application cases could be explored in healthcare, finance, supply
chains, other industries, and government services to identify and learn more
about decentralized identity management’s issues, benefits, and effects.
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Chapter 9
Reshaping the Education Sector
of Manipur Through Blockchain

Benjamin Kodai Kaje @, Ningchuiliu Gangmei, Hrai Dazii Jacob,
and Nganingmi Awungshi Shimray

1 Introduction

There may not be much contestation about the scenic beauty of the state of Manipur.
Great people of the past have spoken in testimony to this fact. Pandit Jawaharlal
Nehru has described Manipur as the ‘Land of Jewel’, and Lord Irwin called it the
‘Switzerland of the East’. Though the landscape is beautiful, it is plagued by various
problems. Northeast India is marked by political unpredictability, economic under-
development, and cultural marginalisation. Aside from a poor interregional connec-
tivity, the region’s development is hampered by a number of intrinsic structural and
cultural problems [9]. Widespread corruption has long been a problem in India as a
whole. Despite the fact that many academics have emphasised the necessity of good
governance in mitigating the problem, they have only seen a linear and symmetrical
relationship between governance and corruption [16]. It prevents our country from
effectively utilising its resource pool to its greatest potential. For instance, employ-
ment, contracts, etc. are awarded to the highest bidder, not necessarily to the most
effective [32]. Likewise, law and order, a high cost of transportation, nepotism,
interethnic strife, unusual land ownership patterns, insurgency, and corruption are
pervasive in Manipur*‘s daily development activities. This has an impact on the con-
struction of crucial infrastructure. Thus, resolving these difficulties might open the
door for more robust development [38]. Many of the problems are man-made, and
the solution is possible only through the goodwill of the people. Some suggested the
lack of development due to years of geographical isolation. Hence, in order to catch
up with the rest of India and the world, the state of Manipur needs to welcome
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change and strive forward. One of the best and most promising ways is to adapt to
modern and technological change to be at par with the world.

1.1 Brief Background to the Study

Manipur’s territory measures 22,327 km?, or 0.68%, of the nation’s total size.
According to the 2011 census, Manipur has a population of 2.86 million people, of
which 29.20% live in urban areas, and 70.80% do so in rural areas. The geography
of the state of Manipur is divided into hills and valleys where the tribals occupy the
hills, and the non-tribal Meiteis occupy the valley. The valley consists of about 10%
of the total area, whereas the hills constitute about 90% of the total land area.

The month of May 2023 saw an unprecedented ethnic clash between the Meiteis
and the Kuki-Zo. There was a prolonged growing tension in the built-up of the con-
flict. Some of the critical contentions among the ethnic groups is land, job, develop-
ment, and employment. The Meiteis (non-tribals) felt threatened due to the paucity
of land in the state’s capital Imphal. The valley holds about 60% of the total popula-
tion. Since the tribals can buy land from the valley area, on the other hand, the
Meiteis cannot purchase any land from the tribals, thereby causing a certain amount
of disquiet among the Meiteis. The tribals in Manipur are of the opinion that all the
developmental works are generally concentrated in the valleys of Imphal. There has
been constant uneasiness on the part of the tribals, both the Nagas and Kukis, that
the government had focussed primarily on the Imphal valley.

Having apprised, in a nutshell, of the situation in Manipur, blockchain technol-
ogy can be a bridge between the Meities and the tribals of Nagas and Kukis.
Blockchain technology could bring about parity to a large extent, thereby avoiding
certain social unrest and disturbances in Manipur. Through the use of technology, it
can narrow the various developmental gaps created with time. Gilder, 1994, as cited
in Jae Park [25], the most fundamental paradigm change in digital communication
and educational technologies may well be brought about by blockchain technology.
There has been much debate and deliberations about the environmental hazards
caused by modernisation. The need of the hour is to reduce, if not stop, ecological
damages caused by various developmental activities, including the education sector.
The use of blockchain technology will aid in navigating a sustainable, environment-
friendly future and using green energy. One can remotely say that education is the
cause of the industrial revolution, which, in a way, hugely impacted the environ-
ment. Along with the developmental growth, it caused much damage to nature.
Blockchain technology should take the lead to change the future for the better. It
could change the future for the betterment of all in the state.

The chapter will be mainly divided into two parts. The first part will begin by
briefly analysing what blockchain is. Thereafter, it will explore how blockchain
could be profitably used in the teaching-learning experience of the student-teacher
relationship. The second part will delve into the area of the use of blockchain in the
administrative sector. If taken well by the government, this chapter could be a trail-
blazer to the use of technology in the transformation of the educational sector of
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Manipur. Finally, a discussion is opened as to the feasibility of blockchain in
Manipur with all its challenges and hurdles. Blockchain may not solve all the soci-
etal ills and environmental challenges, but at the same time, it will provide a good
platform to launch a secure, eco-friendly, and sustainable future. There is a short
recommendation that ends with the need to introduce blockchain in Manipur for the
good of all its citizens.

1.1.1 What Is a Blockchain?

Blockchain is a rather unwonted word, rarely used in ordinary parlance. Blockchain
technology can get rid of intermediaries and enable direct transactions and verifica-
tion [24]. The Internet and blockchain are both pieces of technology that allow for
the exchange of money and other goods and services digitally. Blockchain is based
on a principle known as Decentralized Ledger Technology (DLT). Blockchain is the
name given to a wide range of technologies that offer immutable ledgers that are
replicated and synchronised across many nodes. The additions to the ledger are
confirmed by network consensus using a special method, guaranteeing data consis-
tency. The key innovation or advantage of blockchains is their ability to reach con-
sensus and uphold data consistency even in the face of a small number of malevolent
nodes. With the security and dependability of the ledger data still intact, this enables
the system to operate in settings where there is some level of trust. Public permis-
sionless blockchains are also devoid of central administrators and do not demand
the confidence of a third party [29].

Satoshi Nakamoto is credited with developing the first application of current
blockchain technology. It enables a network to check the transaction history of an
electronic coin that a user submits for payment and confirm that the coin has not
already been spent [26]. To sum up, a blockchain, in its most basic form, is a kind
of distributed ledger technology (DLT) in which transactions are recorded with an
irreversible cryptographic signature. A distributed ledger, often known as a block-
chain, is a safe, digital, and decentralised record of all transactions. The administra-
tion of education, learning, and training at all levels should consider trust [13]. It is
a digital progression inducted into various aspects of the social milieu to bring about
improvement, efficiency, and accuracy in offices and places of work. It is a part of
the scientific contribution to society to uplift and upgrade the standard of living for
the masses.

2 Literature Review

2.1 Role of Blockchain in Teaching-Learning

Over the years, technology has come to the aid of humanity in bringing about effi-
ciency and better coordination in various aspects. Education is no exception to it.
Blockchain technology shows tremendous promise for students and teachers in its
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extensive use for designing and implementing learning activities, conducting for-
mative evaluations, and tracking the entire learning process [4]. Moreover, the stu-
dents, teachers, parents, and institutions of higher learning share the learning
process and its results. It enables learning progress to be openly shared between
schools, instructors, and parents, which minimises the national education adminis-
trative department’s involvement in students’ learning processes and the evaluation
of results, fostering educational equity and enhancing management effectiveness
[37]. This technology facilitates safely transferring their learning records from one
institution to another. A foundation of learning logs supports it. As a smart contract-
ing technology, blockchain has advanced due to its immutability, provenance, and
peer execution, which can provide e-learning with new degrees of security, trust,
and transparency [27].

The main value-adding characteristics of blockchain technology for e-learning
are the peer execution and consensus process for assessments and the distributed,
immutable storing of learner records. Transparent smart contracts can be run on
numerous blockchain peers to assure the impartiality of processes, thereby enhanc-
ing the system’s reliability. It is beneficial when creating credentials and tests.
Although consensus is not strictly required for curriculum personalisation, creden-
tial production is supported by the distributed storage of such data [21]. Children in
various learning groups and individual students working with instructors can access
TeachMePlease’s (TMP) and successLife online and offline using blockchain. It
provides information about educational programs, educational sources, and video
archives of seminars, courses, and events. On its portal, SuccessLife has also posted
information on events, including coaching, webinars, videos, and workshop assign-
ments [30]. Blockchain-powered tokens have the potential to significantly improve
the motivation and engagement of students within non-formal and informal educa-
tional platforms like online courses and MOOCs, as evidenced by the numerous
private initiatives aimed at improving the effectiveness and engagement of learning
and teaching processes for learners and content providers [33].

2.1.1 Blockchain in the Educational Administrative Sector

In the modern world, certificates are a crucial tool for demonstrating success in
lifelong learning, but they are also easily forged. Blockchain assists in resolving this
issue. Data storage, formative assessment, data security, a universal database, smart
contracts, and many other things are among the clear advantages of blockchain [2].
Blockchain technology can successfully stop academic and learning fraud and
maintain the level of security required for the certificate to be universally recognised
by institutions and companies throughout the globe. Although it is a relatively new
field, digitally preserving student credentials can reduce paper and printing costs
and avoid losing or damaging papers if stored manually [5]. Its features provide a
new set of opportunities to improve the security, trust, and effective use of academic
material and to issue, trade, exploit, and verify it while securely facilitating the
development of new use cases [10]. The main benefit of blockchain is that it will be
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used to issue digital certifications, which will use a public Blockchain to record the
digital signatures related to such certifications. Not only would a certificate’s proof
of validity be kept on a blockchain, but the certificate itself would also be kept there,
making it eternal and unchangeable [14].

The learners have trouble validating their older, further away higher education
degrees. If the college where the learner obtained their degree no longer exists,
individuals who still pass through it can distrust the same certifications. Such cir-
cumstances cannot occur if the records are stored on a blockchain system since the
records are held in numerous ledgers that are all preserved individually [34]. Finally,
blockchain helps authenticate educational institutions’ credentials, and students
could be a significant step toward overcoming the challenge of reaching the unreach-
able in less developed countries and remote regions. However, access to better infra-
structure remains a pending issue, especially regarding Internet access [20]. A
blockchain is a new platform for recording learning successes beyond transcripts
and certificates, particularly in how learning or teachings were done and achieved
by retaining digital hashes of learning activities using smart contracts [27].

2.1.2 Role of Education Towards a Corrupt-Free Society

The basic role of education in society is twofold; to preserve the good aspects of
society and to provide necessary changes that are harmful to society. Though mod-
ern education reached Manipur over a century back, corrupt practices too have
grown among all sections and various departments in the government. Value-based
education needs to be inculcated in young minds so that they become upright citi-
zens who are guided by principles. Neglecting ethical principles, which ought to be
the foundation of all worthwhile education, has resulted in ineffective, decadent,
and pointless learning [6]. Teachers need to be convinced of their roles to form good
citizens so that the future of the state is in safe hands.

In Manipur, the term ‘corruption’ primarily refers to the misuse of public funds
by those in positions of authority, those who hold official positions in administra-
tions and public offices, and their cohorts, as well as the practice of selling or buying
government jobs in exchange for money or personal favour. Competition in politics
has been linked to transparent government operations, an engaged media, and an
informed civil society. Because of these controls, political and administrative cor-
ruption is the exception rather than the rule [1]. The fraud and corruption, as well as
systematic errors in resource allocation, made the poor parents of Manipur to send
their children to private schools rather than to government schools [28].

In the case of Manipur, corruption and red tape frequently have a negative impact
on the excitement and successful completion of projects by SMCs (School
Management Committee). There are various levels of corrupt practices in the
offices. From high-ranking officials, it is percolated down to the lowest clerk in the
office. Unfortunately, what is put on paper doesn’t always reflect reality. Many
SMC members are caught in this predicament, which contributes to an unintentional
lack of openness [18]. Many educated young people leave Manipur in quest of



172 B. K. Kaje et al.

employment when there aren’t enough job possibilities there. Public infrastructure,
including roads and buildings, is built with defective materials, and some of it even
just exists on paper. As a result, the development of a black economy and the back-
wardness of the infrastructure have been brought about by decades of insurgency
and pervasive corruption [17].

Additionally, corruption, nepotism, bribery, favouritism, and connections to
influential politicians and bureaucrats are rampant throughout the hiring of teachers.
The fact that many teachers would improperly hire a proxy or replacement teacher
in the next village wherever they are posted is another significant issue with govern-
ment schools in Manipur. Government schools, particularly those in rural areas, are
closing as a result of this sort of bad conduct [3]. In Manipur, it is still extremely
difficult to integrate reforms to public policy and institutional structures that will
effectively reduce corruption and consolidate good governance. Growing sensitivity
to the public or a decline in the moral standards of all government players, or both,
led to an increase in awareness of the issues related to corruption. Local institutions
like the police, government, judiciary, and legislative are heavily entwined in the
web of organised crime and corruption. The state political system could no longer
heal on its own. Unfortunately, there is no organised effort or campaign in the state
to combat the corruption threat [31].

2.2 Findings of Blockchain in the Education Sector

Preeti Bhaskar, et al., did a systematic literature review in which they found that
blockchain in education management is a young discipline. The result of the analy-
sis demonstrates that while blockchain technology in education is still a relatively
new field, it has a lot to offer the entire field of education. Additionally, direct veri-
fication and transaction are made possible by eliminating third parties as intermedi-
aries [7]. Blockchain technology is dependable, and a decentralised network allows
for the constant updating of all transaction records databases. The network is unaf-
fected by the breakdown, guaranteeing the remarkable resilience of apps built using
blockchain technology. It operates on a very secure network of effective, tamper-
proofed nodes that follow pre-established procedures [8]. Strong cybersecurity
capabilities of blockchain technology frameworks have been applied in numerous
industries. The use of blockchain technology in education is still in its infancy.
Additionally, the blockchain is a mechanism for issuing, confirming, and exchang-
ing certifications in educational environments [12].

Blockchain enables the management and preservation of academic credentials,
including transcripts, certificates, academic records, degrees, etc. Its features and
applications in the educational field can be fully utilised to enhance the entire
teaching-learning process, provide fair evaluation of both students and teachers,
improve performance, motivate both students and teachers by offering them rewards,
manage records, detect fraud, and other things [35]. It can be utilised across several
platforms, allowing it to be employed from the beginning of the learning process
with e-learning, registration, successes, and values that are well recorded and
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displayed to serve finances, including tuition payments, libraries, and other educa-
tional needs required. It is anticipated that education will keep raising the bar for
educational standards by offering high-quality technical advancements that are put
to use as needed [23].

Education professionals can save student learning achievements, academic certi-
fications, credit management, etc. using blockchain-based solutions. Blockchain
can be used to carry the study article publication in a timely manner [36]. Moreover,
the construction of a single educational environment, the development of network
communities, the interchange of technology and scientific knowledge, and the
copyright protection of network participants are the most significant benefits of edu-
cational blockchain technologies [11]. Additionally, almost all of education’s sub-
domains, including financial acquisition, school funding, donations, salary, teacher
professional development, human resource management, cross-border academic
credit recognition, certification and degree transfers, monitoring student learning,
attesting actual abilities, and financial blockchain can be used in education [22, 25].

2.2.1 Hurdles Towards Blockchain Technology

Given the present condition of Manipur, it would be a true challenge towards the
implementation of blockchain technology. There are issues of power supply to all
parts of Manipur. There are issues related to the network, and some of the terrains
in Manipur are hard to reach. The higher education stakeholders now appear to be
less aware of the social benefits and educational/instructional potential of block-
chain technology, despite all of its potential and advantages [19]. There are ample
benefits, yet, people are to realise the importance and potential gains even in the
field of education through blockchain. Implementing this new technology into the
administrative sector would be a big challenge for the government. There are issues
relating to the implementation of the technology in the office. There could be seri-
ous doubt about the technological know-how of the administrative sector employees
in the government offices’ education department. The average human tendency is
that people generally have an aversion to change. Hence, to ask people in the offices
to learn computers and new technologies would be a tough call on the part of the
government.

Investing in the blockchain in educational institutions would be a big ask, espe-
cially in private institutions where viability could be an issue. Many educational
institutions in Manipur barely manage to pay the teachers in schools. The challenge
remains how technology can enhance the teaching-learning method if made into use
for the same. Besides, there is the issue of insurgency which has crept into the social
milieu of the state for some time. Any developmental works in the state have to
encounter this challenge of unwanted elements in society. The common populace of
the state needs to cooporate with the state machinery in order to bring about change
in society. If all the sections of society collaborate with the state government, change
is possible for good. There should be a concerted effort from all fronts of society to
bring about that change in society.
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2.2.2 Future of Blockchain Technology in Manipur

The role of education towards bringing development in Manipur is an undeniable
fact. Within a span of about the last hundred years, there has been tremendous
growth in different aspects of society. There has been improvement in the health
sector, transportation, communications, better livelihoods, and even accessible edu-
cational institutions. Yet there are lots to be taken into consideration. Though the
state of Manipur is small, there has been rampant corruption prevalent in the state.
The people of Manipur will bear testimony to this fact. Applying the participant
observation method, if blockchain is put into use, many corrupt practices can be
away with.

Social unrest has been brewing in the minds, especially of the tribals, due to a
lack of accessibility in the administrative sector. If blockchain is put into use, digital
bridging can help to bring about change overall in the state. The study reveals that
while blockchain technology in education is still a relatively new field, it has a lot
of potential to benefit the wider education sector [24]. In order to bring about educa-
tion both in the classroom and in the administrative sector, blockchain technology is
the need of the hour for a state like Manipur. It is a known fact that being part of the
state, Manipur is stiff into corruption. Blockchain technology can bring about much-
needed change in the administrative sector. Since there will be transparency and
high security in dealing with and issuing certificates, people across all walks of life
will appreciate the effort to imbibe and inculcate this new technology.

Even though the state’s literacy rate is higher than the national rate, the quality of
education is still low. Hundreds of students go to other states to get higher education
as the state cannot meet the learners’ needs due to a lack of infrastructure.
Furthermore, the state frequently experiences bandhs and blockades, which seri-
ously impair the ability of education to function. Conflicts may arise as a result of
the state’s vulnerable situation. With its distributed ledgers, the education block-
chain would establish innovative standards for crypto-learning and crypto-
administration that are recognised by all organisations and countries, improving the
objectivity, validity, and control of information without being harmed by socioeco-
nomic instability [25].

3 Discussion

The task ahead is challenging for the government and the educational institutions.
With the given limited access to technology, and to adopt and feed the latest tech-
nology is a herculean task. It is not impossible, but it calls for lots of political will
and dogged determination on the part of private educational institutions. Education
is anticipated to strengthen the country and drive out harmful social habits like cor-
ruption. The prevalence of corruption in the educational sector is regrettable.
Teachers are responsible for guiding their charges toward the light, but they cannot
do so if they are still navigating the shadows. Without rooting out corruption in the



9 Reshaping the Education Sector of Manipur Through Blockchain 175

state, various ideals and innovations would be of less use. Investment in blockchain
will be worthwhile because it can be game-changing in the administrative sector as
well as in educational institutions. Transparency and efficiency will become the new
order of the day, provided the government and educational institutions are willing to
cash in the best of blockchain technology. According to the study, practitioners,
economists, and computer scientists can work together to successfully teach block-
chain technology [15].

Most modern technologies do have some loopholes, and blockchain is no excep-
tion to it. As much as there are advantages to various technologies, there could be
equal risks in their use as well. The issue of privacy and threat exists in the block-
chain. It appears that the EU views blockchain as a potential risk to citizens’ rights
to and obligations for their data ownership [33]. This issue needs to be addressed
properly so that individual data does not fall into the wrong hands. The safety and
security of each individual is paramount. Besides, there are murmurs that block-
chain technology is slow. Since it is in its initial stage, the development of any
technology takes time to perform at the optimum level. It is the common aspiration
of all that blockchain technology will help to improve life in all walks of life.

Given the quick pace of growth and advancement of science and technology, it is
bound to improve. If blockchain is inculcated into administrative and educational
institutions, lots of unwanted printing could be avoided. Even the age-old practice
of writing examinations could have a re-look and some other forms of giving exami-
nations be adopted. Digital examinations could be a fitting alternative, as it is accu-
rate, prompt, and error-free and have no room for corruption. If printings are
reduced, simultaneously there would be less felling of trees. This will improve the
ecology and the overall ecosystem. One of the paramount duties of education today
is the preservation of ecology or the ecosystem. Therefore, if blockchain is put to
good use, it will improve the social fabric, bridging the gap between the tribals and
non-tribals in the context of Manipur.

Over and above, if blockchain technology is introduced into the administrative
sector and in educational institutions, it could create job chances for the youths in
Manipur. Thousands of students move outside the state to Delhi, Mumbai, Chennai,
Bangalore, and other cities in search of better job opportunities. If the government
of Manipur can create such an avenue for the youth, then the youths would remain
in the state and the economy of the state would begin to improve gradually. Many
youths are media savvy, but for lack of opportunity, their talents go wasted and bur-
ied. It is high time that those in authority should think about the future of tomorrow.

4 Recommendation

There are many students from the less-privileged groups in society who cannot
afford the prestigious schools in the towns and cities. Technology should come to
the aid of these students so that students are left behind due to a lack of opportuni-
ties. It would be the prerogative of the government to act as a mediator for low-cost
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but quality education through the use of modern technology. Despite being aware of
the benefits of technology in education, people do not take it seriously or think
about changing how education is delivered. The state’s educational system must be
modified in several ways, starting with funding for infrastructural renovations, other
educational upgrades, and teacher recruiting. Even if some schools have all the
required resources, they still don’t meet expectations. Regular teacher training ses-
sions must be done to stay current on new information and encourage the use of
technology in teaching and learning.

The state government of Manipur needs to give serious thought to adopting
blockchain into educational institutions and more, especially into the administrative
sector. Blockchain might take time and probably be expensive, yet it will bring
about efficiency, competence, and transparency in the administration. There are
apprehensions that blockchain technology is tedious and slow due to a variety of
steps or blocks to be followed, yet with time, and it is bound to improve its effi-
ciency. Although this investigation also suggests some potential uses of blockchain
technology in different components of the training framework, more applications
can be introduced into the educational framework to fully utilise blockchain tech-
nology. This examination provides an infrastructure for educational organisations,
strategy creators, and specialists to investigate various areas where blockchain tech-
nology can be implemented [24]. A detailed study could be encouraged as to the
best way to implement this new technology in Manipur. It could be expensive, the
power supply could be an issue, and internet connectivity could upset plans in rural
areas. Whatever may be the challenges, if the people have the will and the authority
have the goodwill for the people, all things are doable and achievable.

5 Conclusion

The future belongs to the world of technology. Education needs technology to grow
and progress. The time is ripe to introduce blockchain technology in various aspects,
beginning with the educational administrative sector as well as in the teaching-
learning ambience. In order to cope with the standard and competition of the world,
Manipur needs blockchain technology to give a fillip to its education in the teaching-
learning ecology and also in its administrative set-up. Transparency, immutability,
and easy accessibility can be seen, and bottleneck administration in the education
sector can be avoided. Blockchain is in its early years, and its ultimate outcome is
yet to be fully explored and discovered. It has immense potential to render in all
spheres of life and, more significantly, in the educational sector. The government
needs to care and make technology accessible and affordable for the less privileged
and those people of lower economic strata. The present generation of the young has
to be given good and value-based education with the best of modern technologies.
When the youths are formed with principles in life, there will be less corruption and
quality education will be possible.

The desire of every citizen of Manipur and India would be to see a robust and
vibrant state and country. For a country and state to grow, corrupt practices will
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consume the good works of modern technology. Hence, while desiring a developed
state, there should be honest, value-based citizens yearning for the overall growth of
the state. Blockchain technology should facilitate a quicker and faster pace of devel-
oping and bringing about change in a state like Manipur. With the introduction of
blockchain in administrative and educational institutions, there will be all-around
progress in the state. Besides, with less printing due to digital certification and veri-
fication, it will remotely augur well in the environmental sector. If all the states and
the country as a whole adopt this technology, it will reduce corruption and improve
the ecosystem in the long run.

If one delves deep into blockchain technology’s diverse, multi-faceted utility, it
can offer in many areas of society. It may not be able to erase corruption entirely
from the administrative sector of the government, nor will educational institutions
go paperless. Nevertheless, the effort put in, however small and insignificant, will
2o a long way in bringing about transparency and efficiency in public offices. If the
use of paper printing can be reduced to some extent, then the purpose of blockchain
technology has partially achieved some of its objectives in the context of Manipur.
If education does not help in bringing about a sustainable future, the very purpose
of education is defeated. Education should help to perverse nature and erase the
social evils like corruption, casteism, tribalism, and religious fanaticism from
society.
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1 Introduction

Due to the decentralized nature of blockchain, there is no need for an intermediary
organization. It is a cloud database system that keeps a list of data entries that is
constantly expanding and is validated by the participating nodes. The data, which is
maintained in a public ledger, contains specifics about every transaction ever made
[1]. It offers a distributed, transparent, secure, auditable, and immutable ledger [2].
Blockchains also make it possible for peer-to-peer (P2P) networks to automatically
do smart contracts [3]. With its attributes of decentralization, immutability, collab-
orative maintenance, traceability, openness, and transparency, blockchain technol-
ogy can achieve the decentralized preservation of actual, effective, and authentic
data at a minimal cost [4].

In 2008 when the blockchain concept was integrated with several other technolo-
gies and computer ideas, modern cryptocurrencies were created as electronic pay-
ment methods protected by cryptographic procedures rather than a centralized
database or authority [5]. Despite the initial hype around cryptocurrencies, the
potential of blockchain applications extends far beyond Bitcoin. Blockchain became
a top strategic priority for nations and entrepreneurs globally, and they began to act
accordingly [6]. More specifically, more than 50% of CEOs in various nations glob-
ally reported that they ranked blockchain as one of their companies’ top five priori-
ties, according to Deloitte [7].

The term “blockchain technology” refers to a new trending group of digital inno-
vations that could fundamentally alter entrepreneurial ecosystems, particularly
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those that are currently vulnerable [8]. Different sorts of spatial affordances—
potentialities derived from proximity to something—are provided by entrepreneur-
ial ecosystems, which explicates why some produce better results than others [9].
Therefore, digital technology may serve to facilitate the process of identifying and
seizing entrepreneurial opportunities as well as help some entrepreneurial ecosys-
tems overcome specific shortcomings in spatial affordances [10].

As a result, the general idea is consistent with the entrepreneurial potential of
blockchain technology. Because technology makes it easier to take advantage of
business possibilities and overcome obstacles, using blockchain technology suc-
cessfully as a tool can advance entrepreneurship. The study uses bibliometric analy-
sis to concentrate on “entrepreneurship“and “blockchain technology” in this
context.

Bibliometric analysis is a well-known and reliable approach for analyzing and
interpreting vast amounts of scientific data. It enables us to illuminate the borders of
a field while delving into the details of its evolutionary history [11]. Descriptive
analysis and content analysis are the two main methodologies used in bibliometric
analysis [12]. Researchers conduct a descriptive analysis to provide data that prac-
titioners and researchers can use as a guide to follow the development of research
and anticipate probable future trends [13]. By focusing on the sources, themselves
instead of citation- and author-level analyses, the content analysis allowed academ-
ics to gain thorough conceptual insights [14].

To fully evaluate the available blockchain and entrepreneurial publications
between 2017 and May 2023, this research will combine the benefits of qualitative
assessments with computer technology. To be more specific, we assessed publica-
tion performance and identified the conceptual, intellectual, and social structure of
the blockchain and entrepreneurship current literature using the bibliometrix
R-package and VOS viewer software.

Along with enhancing the reliability and transparency of the analysis, the
researcher also tries to add the following. In this study, we first carry out descriptive
analysis to demonstrate the evolution of blockchain technology in entrepreneurship
research’s popularity and evaluate the value of publications using a variety of met-
rics (e.g., the year of the first publication, the number of publications, citations,
h-index). This makes it possible to get organized data for studies on blockchain
technology in entrepreneurship. Further, researchers explore co-occurrence, the-
matic map, co-citation, and collaboration worldmap using content analysis.

2 Methodology

The bibliometric analysis involves extracting documents from a single database and
processing them statistically and qualitatively [15]. With reference to the findings of
international studies on entrepreneurship and the relationship and influence of
blockchain technology, papers in the present research on blockchain technology and
entrepreneurship were retrieved using the Web of Science. The researchers made
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use of the Web of Science (WOS), widely regarded as the best method for producing
citation data for research evaluation. Numerous global citation studies have used
WOS, which includes the three ISI citation databases, as their foundation [16]. To
examine the perspectives of all researchers in the field, the current study examines
all types of publications in addition to articles. The subject filtration was used,
though, to concentrate on blockchain technology in relation to entrepreneurship.

For bibliometric analysis, the researcher adhered to the following procedures
(Fig. 10.1). We searched across “titles, abstracts, and keywords” in the Web of
Science database for the keywords “blockchain” AND “entrepreneurship” to collect
bibliometric metadata concerning blockchain technology and entrepreneurship.

Initially, 382 documents were retrieved when the researcher first utilized the
aforementioned string. Additional measures were performed for inclusion and
exclusion to extract the most important documents that demonstrate the potential of
blockchain in entrepreneurship. To start, based on relevancy, the search was first
limited to Business, Management, Economics, Business Finance, Operations
Research Management, and Telecommunications. As other areas represent informa-
tion related to law, mathematics applied, development studies, etc. The database
found 236 documents by focusing the search on the Business, Management,
Economics, Business Finance, Operations Research Management, and
Telecommunications subject areas. To comprehend the emergence and development
of the topic over time, the researcher did not do year bases exclusion because block-
chain technology in terms of entrepreneurship is a relatively new concept.

Descriptive statistics, such as the average number of publications each year, the
most productive author, institutions, and nations, as well as the most often cited
author, were computed using the Bibliometrix R package. Content analysis was
performed to assess the final dataset’s co-occurrence, theme map, co-citation, and
cooperation worldmap using the bibliometrix R package and VOSviewer
simultaneously.

Database and Web of Science
Search String (“blockchain” AND “entrepreneurship”)

Document = 382 Initial search result

Limit to Subject Area: Business, Management,
Economics, Business Finance, Operations Research
Management, and Telecommunications

Document = 236

Analysis Using Bibliometrix R package and
VOSviewer

Fig. 10.1 Data processing steps
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3 Results

3.1 Descriptive Analysis
3.1.1 Main Information About Data

Major findings using R studio from the investigation, including pertinent informa-
tion on documents, keywords, nations, and authors illustrated in Table 10.1. The
authorship provides extensive and valuable data on the status of the authors and the
authors’ collaboration [11]. According to Table 10.1, the 236 documents in the sam-
ple were published in 121 sources and were written by 621 writers who are affiliated
with 422 affiliations in 60 different countries or regions.

Table 10.1 Summary of data Descriptions Results

Main information about data

Sources (Journals, Books, etc.) | 121

Documents 236
Annual growth rate % 23.63
Document average age 2.25
Average citations per doc 17.01
References 13,221
Document contents

Keyword plus (ID) 490
Author’s keywords (DE) 910
Authors

Authors 621

Authors of single-authored docs | 33

Authors collaboration

Single-authored docs 37
Co-authors per doc 3.07
International co-authorship % 35.59
Affiliations 331
Countries 47
Publications 187
Document type

Articles 143
Articles (early access) 21
Articles (proceeding papers) 1
Editorial material 4
Proceeding papers 49
Review 14

Review (early access) 4
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3.1.2 Number of Publications per Year

The first study on blockchain, titled “Blockchain- properties and misconceptions,”
by Daniel Conte de Leon was published in the Web of Science databases in
December 2017. It addressed the common misconceptions about the characteristics
of blockchain technologies as well as the difficulties and potential solutions for the
development and use of distributed ledger technology and system.

Figure 10.2 depicts the 237 documents included in the sample’s annual number
of publications and citations. As shown in the figure, there is no chronological
incline or decline in publication. The publication in reference to blockchain technol-
ogy and entrepreneurship has been started in 2017 and most publications were made
in 2022, that is, 64. Based on the production and annual growth rate, that is, 23.63%,
the researchers can say the topic is having a lot of scope in research. Additionally,
the average age of the paper is 2.25 and there are 17.01 citations on average for each
document, showing that new research is constantly conducted and novel theories
and concepts are continually being explored.

3.1.3 Most Relevant and Citated Journals

This study found 237 publications from 121 sources. The Hirsch index (h-index) of
each publication is used to find the most prominent journals in blockchain technol-
ogy and entrepreneurship research. The H-index is the number of articles by an
author or journal that have been cited at least h times in other works. It is widely
used to assess an author’s or journal’s research performance. The top 20 journals are
selected based on h-index (see Table 10.2). The number of publications (NP), the
total number of citations (TC), and the year of the first publication (PY-start) are
also all provided. Researchers can consider these top 20 articles to be the most
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E 20 g
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N
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Year

s Articles Citation Per Year

Fig. 10.2 Annual production and citation of documents over the period
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Table 10.2 Most relevant and cited journals

Journal name h_index | TC | NP | PY_start
Technological Forecasting and Social Change 11 50514 | 2020
Journal of Industrial Integration and Management-Innovation | 8 37710 | 2018
and Entrepreneurship

Asia Pacific Journal of Innovation and Entrepreneurship 5 19416 2017
Business Horizons 5 5235 2017
IEEFE Access 4 76 |7 2020
IEEE Transactions on Engineering Management 4 12015 2020
Journal of Entrepreneurship and Public Policy 4 42 |8 12020
Small Business Economics 4 14116 2017
Entrepreneurship and Sustainability Issues 3 19 |7 |2019
Journal of Enterprise Information Management 3 18 |3 12020
Research Policy 3 55 |3 12020
2019 42nd International Convention on Information and 2 17 |2 12019
Communication Technology, Electronics and Microelectronics

(MIPRO)

2020 43rd International Convention on Information, 2 6 8 12020
Communication and Electronic Technology (MIPRO 2020)

Electronic Commerce Research and Applications 2 64 |2 2020
European Journal of Finance 2 81 2 2021
International Journal of Entrepreneurship and Innovation 2 11 |2 12019
International Journal of Production Research 2 17 12 12021
International Journal of Technology Management 2 8 |2 12020
Journal of Business Research 2 69 |3 2021
Journal of Industrial and Business Economics 2 35 12 2019

important and relevant sources for the research study. As shown in Table 10.2, the
Technological Forecasting and Social Change, with 505 citations, 14 publications,
and its first publication in 2020, has the highest h-index (11), followed by the
Journal of Industrial Integration and Management-Innovation and Entrepreneurship
(h-index 8), with 377 citations, 10 publications, and its first publication in 2018.
Other prominent journals include the Asia Pacific Journal of Innovation and
Entrepreneurship (194 citations, 6 publications, and its first publication in 2017)
and Business Horizons (523 citations, 5 publications, and its first publication in
2017), with h-index 5 and similar ranking.

3.1.4 Most Relevant Authors

The top 20 authors in the research under study are listed together with their TC, NP,
and PY-start scores (Table 10.3). Figure 10.3 depicts their production over time. In
Fig. 10.3, the spheres’ colour intensity is connected to TC annually, whereas their
volume is related to NP annually. According to Table 10.3, the top three ranking
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Table 10.3 Most relevant authors

Element h_index TC NP PY_start
Islam N 5 113 5 2020
Mondal S 3 47 3 2021
Novak M 3 61 3 2020
Paul T 3 47 3 2021
Potts J 3 50 4 2020
Rakshit S 3 47 3 2021
Allen DWE 2 47 3 2020
Berg C 2 46 4 2020
ChenY 2 333 3 2018
Dong J 2 13 2 2021
Fisch C 2 28 3 2022
Gorkhali A 2 23 2 2022
Grobys K 2 12 2 2021
Gunasekaran A 2 35 2 2022
Huang GQ 2 23 2 2020
Johan S 2 34 2 2019
Kumar S 2 14 2 2022
LuY 2 103 2 2018
Marinakis Y 2 66 2 2020
Markey-Towler B 2 49 3 2020
WANG Y - P &
ISLAM N - °
MOMTAZ PP - : N.Articles
BERG C - e € !
®2
@3
5 POTTS J - @ @4
2 YANG Z - - . TC per Year
)
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Fig. 10.3 Production over time of relevant authors
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authors by h-index are ISLAM N (with 5 publications, an h-index of 5, and 113
citations), MONDAL S (with 3 publications, an h-index of 3, and 47 citations, and
their first publication in respective research in 2021), NOVAK M (with 3 publica-
tions, an h-index of 3 and 61 citations, and their first publication in blockchain and
entrepreneurship research in 2020).

3.1.5 Most Contributed Countries

There have been 60 nations in total that have published journal publications on this
subject. According to Single Country Publications (SCP) and Multiple Country
Publications (MCP), Fig. 10.4 shows which countries produce the most in the fields
of blockchain technology and entrepreneurship research. The top two countries in
terms of SCP are China and the USA, with Australia, India, Germany, and Croatia
rounding out the top five, whereas in terms of MCP, the top two countries are the
USA and the United Kingdom, followed by China, India, and Greece. Table 10.4
illustrates the top 10 nations for research on blockchain technology and entrepre-
neurship based on the number of publications (f) obtained from a study of the coun-
try’s scientific output. With 172 and 148 publications each, respectively, China and
the United States are the top two producers of scientific literature. The UK is next
with 68 publications, followed by India with 65 and Germany with 47.

Countries CHINA -

USA -
UNITED KINGDOM -
AUSTRALIA -
INDIA -
GERMANY -
CROATIA -
ITALY -
GREECE -
KOREA -
RUSSIA -
SWEDEN -
BELGIUM -
FRANCE -
CANADA -
DENMARK -
FINLAND -
LITHUANIA -
BULGARIA -
EGYPT -

Collaboration
W scpP
B mcP

o

10
N. of Documents

SCP: Single Country Publications, MCP: Multiple Country Publications

n
o
@W
o

40 50

Fig. 10.4 Contribution of countries in terms of publications
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Table 10.4 Top 10 Region | Frequency

contributed countries China 172
USA 148
UK 68
India 65
Germany |47
Australia | 34
Italy 27
Croatia | 21
France 20
Greece 20

3.2 Content Analysis
3.2.1 Keyword Co-occurrence Network Analysis

According to Bagagelj and Cerinek [17], a keyword co-occurrence analysis carried
out in R (shown in Fig. 10.6) provides a co-occurrence network representation of
the keyword universe and a much better understanding of the dynamics of interac-
tion in the field of blockchain technology and entrepreneurship. A pair of words
occurring together is represented as a link in a keyword co-occurrence network,
where each keyword is represented as a node. The frequency with which a word pair
appears in various publications determines the strength of a link between two
terms [18].

The six clusters were identified through keyword co-occurrence analysis depicted
in Fig. 10.5. The first cluster (purple) represents the blockchain and its area when it
came to existence, that is, bitcoin, cryptocurrency, and smart contracts. The terms in
the second cluster (navy) represent the role of blockchain in various fields such as
entrepreneurship, crowdfunding, entrepreneurial finance, fintech, governance, etc.
The terms related to evolution and implementation covered in the third cluster
(green) are strategy, innovation, business model, platforms, 10T, industry, etc. The
fourth cluster (red) represents the area and features of blockchain technology, that
is, artificial intelligence, supply chain, sustainability, industry 4.0, logistics, big
data, security, networks, etc. Clusters five (yellow) and six (blue) represent terms
such as trust, design, integration, knowledge, management, performance, etc.

3.2.2 Thematic Map

One of the main benefits of the thematic map is the capability to identify the inten-
sity of research in various groups based on the levels of prominence and density
[19]. The density of a theme reveals its evolution, while a theme’s centrality is
determined by how closely related various themes are to it [20].
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&VOSwmr
Fig. 10.5 Keyword co-occurrence network

A thematic map (Fig. 10.6) depicts that blockchain technology and cryptocurren-
cies are the niche theme also, theme with which the technology came into existence
in the beginning. However, its impact and adoption theme fall in declining themes,
as the adoption of technology has been made and explored in many domains, but the
impact and utilization are yet to be explored. The challenges, framework, and man-
agement are the next step after the adoption of any technology, and these themes fall
under basics, whereas entrepreneurship and innovation along with technology are
motor themes.

3.2.3 Authors Co-citation Network

How recurrently two documents are cited alongside one another is revealed by co-
citation analysis. When these documents are mentioned together more frequently,
their strength grows [21]. Through an author co-citation network, researchers can
gradually discover the most well-known experts in a certain field of knowledge [22].
The co-citations between the authors were explored and visualized using VOSviewer.
The selection of authors and the co-citation analysis first took place in VOSviewer.

A total of 10,055 writers were listed; however, only 37 of them met the require-
ment of having 15 or more citations. In the co-citation network, they were repre-
sented by 37 nodes grouped into four clusters (Fig. 10.7). The most three prominent
authors based on their citations have been identified from each cluster. Cluster
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Fig. 10.7 Author’s co-citation network

one(red): Nakamoto, S (61 citations and 264 link strength), Williamson, O.E (35
citations and 239 link strength), and Teece, D.J (34 citations and 164 link strength).
The second cluster (green): Kshetri, N (48 citations and 302 link strength), Zheng,
Z.B (25 citations and 130 link strength), and Saberi, S (28 citations and 206 link
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strength). The third cluster (blue): Fisch, C (36 citations and 276 link strength),
Momtaz, P.P (36 citations and 258 link strength) and Cumming, D (32 citations and
128 link strength). Fourth cluster (yellow): Viriyasitavat, W (31 citations and 364
link strength), Xu, I.D (29 citations and 261 link strength), and Lu, Y (18 citations
and 178 link strength).

3.2.4 Countries Collaboration Worldmap

On a worldmap, Fig. 10.8 depicts global trends in research collaboration. The most
productive partnership is between the United States and the United Kingdom
(f = 13), followed by China and the United States (f = 10), and the United States
with India and Germany (f = 6). Table 10.5 shows the top ten collaborations and the
number of works produced. This evidence implies that geographical or linguistic
proximity does not affect global collaborative networks.

4 Discussion

The study examined blockchain technology in relation to entrepreneurship in the
subject area of Business, Management, Economics, Business Finance, Operations
Research Management, and Telecommunications using bibliometric analysis. The

Longitude

Latitude

Fig. 10.8 Worldmap of countries’ collaboration
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Table 10.5 Top 10 From To Frequency
collaborations of countries USA United Kingdom | 13

China USA 10

USA India 6

USA Germany 6

United Kingdom | India 5

United Kingdom | Germany 5

China India 3

United Kingdom | Italy 3

United Kingdom | Belgium 3

USA Canada 3

analysis showed that there is no chronological upward and downward trend of pub-
lication in the field. However, 2022 is having 64 publications followed by 2020 with
62 publications. The first research on blockchain technology regarding entrepre-
neurship was made in 2017 even though the concept of blockchain was introduced
in 2008. The de Leon discussed the properties of blockchain and the misconceptions
about them. Even though the most three prominent authors based on h-index are
ISLAM N, MONDAL S, and NOVAK M. Islam N studied whether the blockchain
is advantageous in the long run and discovered that, despite initial profitability,
blockchain miners cannot maintain long-term financial viability without significant
fees. He also examined in one of the studies the impact of blockchain technology on
SMEs internationalization [23]. Mondal S and Islam N [24] found in their research
that blockchain technology has a positive impact on the supply chain of tea and
transparency and reliability are the most important factors of sustainable perfor-
mance, whereas Novak [25] discussed about the blockchain public policy. Based on
the h-index, the most three prominent journals are Technological Forecasting and
Social Change, Journal of Industrial Integration and Management-Innovation and
Entrepreneurship, and Journal of Industrial Integration and Management-
Innovation. The whole world is contributing to the research, but concerning block-
chain technology in entrepreneurship, China, the USA, and Australia are the most
productive countries in terms of SCP, and in terms of MCP, the USA, United
Kingdom, and China are the ones.

The thematic analysis identified entrepreneurship, technology, and innovation
based on the frequency of occurrence as motor themes. Blockchain is one of the
most emerging applications with a significant potential for disruption, yet many
parts of this invention remain unknown in the present corpus of the research [26].

Furthermore, according to the co-citation analysis of authors, Nakamoto S is
highly cited by other authors. However, no significant and direct research has been
performed by the author. The author proposed the peer-to-peer network for elec-
tronic cash transfer [27], which was used as the foundation for so many studies in
blockchain technology.
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Finally, the countries collaboration worldmap indicates that the United States is
the country that provides the most blockchain technology in entrepreneurship
research, as well as strong collaborations with other countries such as the United
Kingdom, India, and Germany.

4.1 Theoretical Implication

Blockchain technology in entrepreneurship is an emerging topic that has captivated
the interest of a diverse group of people, including researchers, academics, and
research institutes. From a scholarly viewpoint, the bibliometric study that was con-
ducted provides some results concerning crucial issues that academics should take
into account while blockchain technology in entrepreneurship. Academics can
understand the context of the many factors that have contributed to the interdisci-
plinary study of blockchain technology. This study can help researchers identify and
comprehend new themes, as well as the keywords employed, literature that addressed
these topics, and relevant references. It offers insight into the topic’s importance and
can therefore be used as a starting point for additional research and to understand
various factors such as innovation, transparency, sustainability in context with
blockchain technology in entrepreneurship.

4.2 Managerial Implications

The concept of blockchain plays a very important role in increasing the efficiency
and transparency in entrepreneurship and also in its sustainable performance. By
taking this study as a base, professionals can explore the various factors affecting
entrepreneurial performance by using blockchain technology.

5 Conclusion

The study concluded by conducting an extensive bibliometric examination of the
application of blockchain technology in entrepreneurship across numerous areas.
The results of the analysis showed that there is no discernible chronological trend in
the appearance of research articles in this field. However, 2022 and 2020 were
closely followed by 2022 in terms of publications. It is interesting to note that
despite the blockchain concept being presented in 2008, the first research on the
topic of entrepreneurship and blockchain technology has been conducted in 2017.
Based on their h-index, prominent authors like ISLAM N, MONDAL S, and
NOVAK M appeared, demonstrating their considerable contributions to the subject.
The survey also highlighted the top countries and publications that contributed to
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blockchain technology in entrepreneurship research. The three journals with the
highest h-indexes were Technological Forecasting and Social Change, Journal of
Industrial Integration and Management-Innovation and Entrepreneurship, and
Journal of Industrial Integration and Management-Innovation. In terms of research
production and collaboration, the United States served as a catalyst among the
nations, closely followed by the United Kingdom, China, and Australia.

Overall, the study highlighted the novelty of blockchain technology in entrepre-
neurship research, highlighting its potential for disruption as well as the need for
more research and understanding in this rapidly evolving area.

5.1 Limitation and Future Research

One of the paper’s limitations, despite its contributions, is the use of a single data-
base rather than numerous sources to retrieve data. Also, the data were limited to a
few subject areas to focus only on entrepreneurship, and the future researchers can
explore other databases and other domains. Only VOSviewer and the R program
were used to analyze this study. Other tools, such as Bibexcel, Gephi, Tableau, and
CiteSpace II, can be utilized in future studies in addition to the R package and
VOSviewer. Future research may also do factorial analysis, co-citation analysis of
sources and documents, historiography, author collaboration network, and other
descriptive analyses to further explore the subject.
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Chapter 11

Transforming Educational Landscape
with Blockchain Technology: Applications
and Challenges

Roshan Jameel, Bhawna Wadhwa, Alisha Sikri, Sachin Singh,
and Sheikh Mohammad Idrees

1 Introduction

The blockchain technology was introduced in 2008 as a distributed ledger for main-
taining the cryptocurrency called Bitcoin [1]. The goal of proposing such a network
was to eliminate the need of third party for the verification of transactions and make
the communication channel direct and transparent. The blockchain network is
designed as a collection of connected nodes each of which has a copy of the ledger.
Whenever a node wants to write something on the network or carry out the transac-
tion, the transaction is broadcasted to all the nodes within the network, and the
transaction is only considered as complete if the consensus is achieved. Furthermore,
the nodes are also responsible for regularly checking the status of the ledger and its
own copy to make sure that the data integrity is maintained all the time [2]. The
immutability and transparency of Blockchain technology makes it a trustworthy
network for several potential application domains [3, 23]. The blockchain technol-
ogy became popular because of its ability to handle sensitive data and to revolution-
ize various application areas including healthcare, finance, education, Internet of
Things (IoT), etc. at global level [4, 5, 24].

Currently, the blockchain technology has been applied in cryptocurrencies like
Bitcoin, Ethereum, Zcash, etc. Bitcoin is the first ever peer-to-peer e-cash network
that maintains consensus for carrying out transactions. Whereas, Ethereum and
Zcash are open-source platforms for hosting cryptocurrencies [6]. Several research-
ers have divided the development of blockchain technology into three stages:
Blockchain 1.0 involved the development and deployment of cryptocurrencies;
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Blockchain 2.0 introduced the concepts related to smart contracts, smart properties,
bonds etc.; while Blockchain 3.0 is in the developing phase of the technology that
applies to various application domains beyond finance and banking [7, 8]. There are
several domains of application of the blockchain technology, including healthcare,
government, logistics, identity management, higher education, etc. [9]. By integrat-
ing blockchain in the education sector, the way of storing, sharing, and verifying the
academic credentials can be transformed. With the help of blockchain, the institutes
can develop a system that is tamperproof for keeping the student records and certifi-
cates, verifying credentials, automating administrative tasks, etc.

2 Blockchain Technology

Blockchain is a technology based on a distributed ledger that makes the transactions
and transmission of assets among the users secure and transparent at a low cost [10].
The data flow of a blockchain transaction is shown in Fig. 11.1 below as follows:
When a node wants to initiate a transaction through the blockchain ledger, its iden-
tity is verified first. The transaction is then broadcasted to the entire network and
waits for it to get validated from the nodes. After the transaction is verified and vali-
dated, a block is generated and all the nodes on the network get an updated copy of
the blockchain. Such blocks are generated after every unit of time and are added to
the blockchain through cryptographic digital signatures [11]. The validation of the

N
eTransaction is requested by a participating node.
Request
J
N
eThe requested transaction is broadcasted to the entire network.
Broadcast
J
N
eThe transaction is verified by the nodes of the network.
Validation
J
N
BINGK eThe transaction is combined with existing transactions and a block is created.
Creation J
N
. | *An Immutable block is added to the blockchain.
Blockchain|
Formation J

Fig. 11.1 Data flow in a blockchain network
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transactions is done via consensus mechanisms called mining. The mining is done
using the computational capacities of the CPUs and the nodes decide whether a new
block can be added to the blockchain or not. Each of the transactions within the
block and the linking of the two blocks are both timestamped. Therefore, the data
on the blockchain is aligned in terms of time and the blockchain is always growing
with time. The data on the blockchain is immutable, that is any data once stored on
the chain can never be updated or deleted. However, in any circumstance, if it is
required to be updated, a new transaction is generated and added to the blockchain,
and the older one is also kept intact.

3 Properties of Blockchain Technology

There are several prominent properties of blockchain technology that make it unique
and apt for various application areas. Some of them are shown in Fig. 11.2 and dis-
cussed below:

Decentralization Blockchain technology supports decentralization, in which there
is no central authority like government or third party for validating or controlling
the network. The geographically distributed computers connected to one another are

De-

centralization

Properties of
Blockchain

Smart
Contracts

Trans-
parency

Fig. 11.2 Properties of blockchain technology
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called nodes. The validation of the transactions is done through consensus
algorithms.

Immutability When the data is added on the blockchain, it becomes permanent,
i.e., it’s not possible to modify that data in any manner. The blocks contain the hash
value of the content of that block and the hash value of the previous block, forming
a link between the two blocks. This connection makes it impossible to alter the data
on the block, thus assuring the data integrity and immutability.

Smart Contracts These are the automatically executable set of rules that are
aligned with the blockchain network. These contracts are self-executed and enforced
and eliminate the need of intermediaries, thus reducing the chances of fraud and
developing trust among the participating parties.

Transparency Inblockchain, transparency is provided by the network by letting all
the nodes of the network have access to the same information. The transactions tak-
ing place on the network are made visible to all the nodes making the entire process
auditable and transparent.

Security Advance cryptographic algorithms and digital signatures are implemented
in blockchain to provide security. Furthermore, the decentralized alignment of the
nodes makes the network resistant to fraudulent and unauthorized activities. Also,
the consensus mechanisms assure validity of the transactions and enhance the secu-
rity of the network.

Privacy The blockchain provides privacy to the users by allowing them to partici-
pate in the network with pseudonymous identity, and the actual real-world IDs are
not directly mapped. Privacy and integrity of the data is assured using cryptographic
algorithms, zero-knowledge proofs, etc.

4 Blockchain Technology in Education

Currently, the blockchain concept has been applied by a few educational institutions
mainly for managing the degrees and certificates or for evaluating the outcomes of
their courses [12, 13]. However the blockchain in the education sector can be
applied in formal as well as informal settings. The formal framework includes the
content of teaching, outcomes of students, certificates and degrees, etc. Whereas,
the informal framework consists of research and skillset-related information. The
blockchain-based network can help in matching all types of information about the
user with his ID, such as academic certifications, project-related information,
behavioral traits, etc. There are several use cases of blockchain technology in the
education sector; some of the prominent ones are shown in Fig. 11.3 and dis-
cussed below:
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Fig. 11.3 Use cases of blockchain technology in education

Digital Records and Transcripts The blockchain can be used to store transcripts,
degrees, diplomas, certificates of the students in digital form, so that it can be
accessed by the students, academicians, or any other authorized third party. Having
the records stored on the blockchain would provide the students with the availability
of the data that is immutable without the need of any administrative intermediary.
The blockchain is a decentralized ledger, that keeps the data available all the time as
a copy is maintained by all the nodes of the network. In case of failure or unavail-
ability of a node, the data can be accessed all the time. The blockchain-based net-
work for storing such data would also save the processing and verification time of
issuing the documents. Furthermore, the data on blockchain is immutable, which
means the certificates and degrees will remain unharmed and unmodified during
their lifetime. The cases of degree fraud can also be eliminated as the data stored on
the blockchain will be verified and validated by the miners throughout the globe.

Micro Credentialing The blockchain can be facilitated to validate the micro-
credentials and badges that are earned by the students through small courses or
online certifications etc. These credentials can be stored as proof on the blockchain
in a transparent and immutable manner. The University of Nicosia is the first ever
educational firm that implemented blockchain network for managing their MOOC-
related content [12]. Another organization is Sony Global Education, which uses the
technology to store and manage the degrees [14]. Another such concept was applied
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by the Massachusetts Institute of Technology (MIT) along with a machine learn-
ing—based company to provide a digital badge to the students who are attending
some online certification courses [13].

Certifications as Currency Another way of leveraging the blockchain technology
in the educational domain is to use it as a capacity currency. In this concept, the
learning experience of the users, their knowledge and skillset, etc. can be trans-
formed into digital tokens or currencies that can be stored on a wallet as per the
standards. The students will get rewarded on the basis of their efforts and accom-
plishments in the form of these tokens only which will be added to their wallets
[12]. This concept has been applied with the currency name ‘Kudos’, which is
stored on a digital and measures the learning hours of the users.

Copyright Protection The blockchain technology can be utilized as a protector of
the intellectual properties and copyrights of individuals. For instance, it can be used
to keep the academic details and research-related information in a timestamped and
transparent manner. Thus, providing the evidence to support the authorship and
ownership of the research, it will also keep track of the research-related activities in
a timely manner. Furthermore, plagiarism can also be controlled by providing a
secure way of sharing, accessing and transmitting the information among the differ-
ent users while maintaining the control of the owners on their data.

Administrative Processes By implementing the blockchain-based distributed led-
ger in the educational sector, several administrative tasks can be automated in a
transparent, secure and errorless manner. Tasks such as student registration, enroll-
ment, payment verification, degree issuance, etc. can done by applying smart con-
tracts, thus reducing the intermediaries, paperwork and human errors, which will
save time and effort of both students and the institutions. The blockchain-based
network will keep track of availability of courses or seats in a particular course,
keep the documents and certificates of the students in a digital wallet, verify aca-
demic credentials, and implement supply chain management of educational
resources, royalty and copyright management, etc.

Fees and Funds Blockchain has the potential to transform the entire process of
managing the fees and funding of educational institutions. The blockchain-based
ledger for keeping the records is immutable, which allows the institutions to keep
track of the transactions and also helps students in verifying the payments. The
blockchain helps in the process of application and distribution of scholarships and
eliminates unfair activities. Likewise, funding for researches and projects can also
be traced for their genuine usage. Integrating the blockchain in fees and funding
management can improve accountability, efficiency and transparency among the
different stakeholders.

Table 11.1 below summarizes the features of Blockchain technology and how it
can be leveraged in various areas within the education sector:
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Table 11.1 Blockchain features and implementation in education sector

Feature

Description

Implementation in education sector

Decentralization

The blockchain-based
ledger is distributed, i.e.,
there is no central authority
that controls the network

Implementing the decentralized blockchain
network will allow the verification of the
academic badges, identities, transcripts, etc.,
thus reducing the requirement of intermediaries.
It ensures the ownership of the data and
distribution among different stakeholders

Immutability

The data once stored on the
blockchain can neither be
altered nor be deleted

The blockchain network is immutable; records
once created cannot be deleted or changed. This
ensures the integrity of the data along with
insurance against fraudulent claims related to
fees, scholarship and funding. It also verifies the
certificates or badges earned by a student thus,
preventing fraud degree scams.

Smart contracts

Blockchain-based
applications work on
automated set of rules and
regulations

Smart contracts can be used to automate the
administrative processes in the educational
institutions. This will reduce time consumption,
human error and paperwork

Transparency The transactions on the The student records, certifications, badges and
blockchain network are achievements can be stored in the blockchain
visible to all the nodes on | network, and their validity can be ensured by
the network blockchain verification by employers,

institutions, etc., hence enhancing the trust of the
stakeholders

Security Cryptographic algorithms | Sensitive information such as personal details of
are applied in blockchain, | the student and academic records are secure
preventing them from against data and identity thefts in a blockchain-
unauthorized access and based network
making them difficult to
hack

Privacy The blockchain supports The blockchain offers pseudo identities to its

the concept of
pseudonymous identities,
which keeps the user’s
actual identities private

users, which are not related to their real-world
identities at all. This feature ensures the privacy
of the users alongside the integrity of their data

5 Challenges in Integrating Blockchain and Education

The blockchain has become popular in the last decade, mostly it is portrayed as a
magical technology that is the solution of every application domain because of the
transparency and security it provides. However, the technology has its own chal-
lenges, such as scalability issues, loss of control over data, power and resources
consumption, lack of required skills and expertise, to name a few. In order to adopt
this emerging technology, one must keep in mind these challenges and analyze the
feasibility before expecting the unrealistic services. This section discusses and
Fig. 11.4 depicts some of the challenges faced while integrating the blockchain
technology in the education sector.
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Fig. 11.4 Challenges of integrating blockchain technology in education

Naivety The blockchain technology is still evolving and immature. Several articles
have been published that discuss the sufferings of blockchain-based applications
because of its naivety [15—17]. Since the blockchain is still in its developing stage it
goes through several problems, such as poor usability, lack of standardization, lack
of interoperability, scalability issues, etc. The naivety in the blockchain can be seen
from two perspectives, the users and the developers. The developers are not very
skilled whereas, the end users are expecting that moving any application to the
blockchain would be sufficient to solve all the associated problems. Therefore, the
users as well as the organizations are supposed to thoroughly do the feasibility study
before moving their business on the blockchain technology.

Implementation and Integration Complexity In order to move the educational sys-
tems completely on the blockchain-based network, the institutions have to move
their existing infrastructure and reorganize everything entirely onto a new network.
The educational infrastructures are usually very complex and consist of various
components, such as software, databases and data types. Several articles have dis-
cussed problems related to the aligning, integrating and interfacing between the sys-
tems. Therefore, the complexities associated with implementation and integration of
blockchain must be kept in mind before adopting. A well-planned approach should
be followed for seamlessly integrating the blockchain to the existing infrastructure.

Loss of Data Control The blockchain technology provides security to the data as it
is distributed among the nodes of the network. However, while providing data secu-
rity, the control of the user on its data is lost. And when it comes to educational data
such as degrees, marksheets and certificates, issues related to privacy arise [18]. The
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academic data is sensitive and the transactions on the blockchain are broadcasted to
everyone, the institutions as well as the students trust the network with their valu-
able data, and if this data is kept on the ledger that is publicly available, then no
privacy is preserved. Therefore, it is suggested that academic institutions must adopt
private blockchain [19]. Furthermore, regulations must also be applied to maintain
the privacy of the users. Additionally, the users and their data must be anonymized.

No Flexibility Tmmutability is one of the prominent features of the blockchain that
makes sure that the data on the network must remain unchanged. Most of the prop-
erties of the blockchain, such as data confidentiality, security and integrity, are all
connected to this property [2]. However, it might become a challenge in academics,
because if a data is incorrectly entered on the blockchain, it can never be changed or
undone. In fact, a new transaction has to be performed and the transaction with the
incorrect data will also remain on the network. This feature undoubtedly increases
the integrity of the data and decreases the chances of any kind of fraud on the net-
work, thus making the entire network inflexible.

Financial Issues The adoption and implementation of blockchain technology is
costly in terms of transaction fees. When it comes to the education sector, the cost
of the transactions should not be overlooked. The consensus algorithms that are said
to be the core concept behind developing trust among the different user nodes within
the network are the most resource- and energy-consuming processes [20]. Also, the
entire data transactions that are happening on the blockchain are maintained on each
of the nodes; the systems are required to be of sufficient storage. Furthermore, if we
take energy consumption in consideration, with the increasing number of transac-
tions, the energy consumption would also increase [21]. Another aspect related to
the finances is the cost of hiring an expert who can implement and work on the
blockchain. Since this field is still in its developing stage, experts in this field are
still lacking and those who know the technology are charging a lot as compared to
normal software developers who are working on traditional technologies.

Lack of Skills The blockchain is still in its developing stage, consequently there is
a lack of skilled professionals who have expertise in this domain. This has raised the
demand of blockchain developers in almost every sector [20]. Resource persons with
a high level of expertise and ability to design and develop a trustworthy environment
with all the functionalities and usability are required [21]. Therefore, it can be con-
sidered as a challenge in implementing blockchain-based educational systems.
Several educational institutes are not adopting the blockchain-based system as they
lack skilled and knowledgeable developers who can manage the educational data in
an effective manner. One of the ways to integrate the blockchain in the educational
system is to provide training on the technology to the existing staff so that things can
be maintained on an internal level, without the need of hiring new professionals.

Lack of Regulatory Compliance The lack of regulatory compliances in the block-
chain technology is reported to be a challenge while integrating the education sys-
tem to the blockchain [15]. The blockchain works on the principle of immutability,
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that is data once entered can never be deleted or changed [15]. However, the General
Data Protection Regulation (GDPR) in Europe states that the citizens have the ‘right
to be forgotten’ [15, 22]. The GDPR also supports the controllership over the data,
i.e., who as a central controlling authority can have the control over the data, and
because of the decentralized nature of the blockchain, this also cannot be handled
accountably. These two fundamental rights of the data owners are violated when the
data is moved to the blockchain network. Because of the transparency provided by
the blockchains, the transactions are visible to every node of the network, which
makes it compulsory for the institutions to employ strict protocols and constraints
on the level of access to the data. Consequently, in order to integrate blockchain and
educational systems, the legal compliances must be taken into account. Table 11.2
below summarizes the challenges discussed above.

The challenges of integrating blockchain technology in the education sector
should never be underestimated and must be taken into account. Careful planning
and feasibility studies must be performed so that the associated risks can be mini-
mized. Table 11.3 below summarizes the possible solutions to the challenges faced
while integrating the blockchain technology in the domain of education.

Table 11.2 Blockchain features and implementation in education sector

Blockchain challenge Concerns with respect to education sector

Naivety Unrealistic expectations
Overestimation of capabilities
Overlooking the vulnerabilities
Lack of research

Implementation and Complexity in integrating with the existing systems
integration complexity Integration complexity with various software
Complex data sharing

Technical expertise required

Loss of data control Limited control over data

Unauthorized data access risk

Privacy related concerns

Dependency on blockchain platforms

No flexibility Limited adaptability

Unable to update data

Inability to customize platforms and protocols
Non-flexibility in integrating blockchain with existing processes

Financial issues Implementation and management costs

Cost involved in training and hiring staff

Processing fees involved

Cost involved in sustaining the blockchain-based systems
Lack of skills Lack of skills and expertise

Insufficient training and upskilling opportunities

Difficult to train academicians from non-computer or science

background
Lack of regulatory Difficult to comply with privacy
compliances Challenging alignment of blockchain with the existing frameworks

Vagueness in regulatory guidelines
Potential legal problems associated with the data handling
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Table 11.3 Challenges faced in integrating blockchain technology in education sector and

proposed solutions

Blockchain challenge

Proposed solutions

Naivety

Education and training: Give in-depth instruction to people and
groups so they may better comprehend blockchain technology and
its complexities.

Proof of concepts (PoCs): Small-scale PoCs can be used as a starting
point to obtain practical experience and better understand the
technology’s potential

Collaborate: In the beginning, seek advice and mentorship from
seasoned blockchain businesses or specialists

Implementation and
integration complexity

Pre-built platforms: To make blockchain deployment and integration
less difficult, employ pre-built platforms

Consult with experts: Avail the services of blockchain development
professionals who have practical knowledge of deploying intricate
systems

Gradual adoption: To get past the integration difficulties, start with
simple blockchain use cases and progressively increase the
complexity

Loss of data control

Private blockchain: Use private or consortium blockchains to
maintain control over data access and sharing

Encryption and access control: While handling sensitive data, use
robust encryption methods and granular access controls

Hybrid solutions: Use blockchain in such a way that it balances data
control and transparency by combining traditional databases and
blockchain technology

No flexibility

Smart contracts: To automate procedures and provide flexibility
through code updates, use programmable smart contracts

Dynamic consensus mechanisms: Employ consensus techniques that
enable upgrades and changes without forks.

Interoperability: Use cross-chain technologies to facilitate data
sharing and communication between various blockchains

Financial issues

Funding sources: Look into several funding possibilities for
blockchain projects, such as grants, venture capital, or
crowdsourcing

Tokenization: Introduce tokens or cryptocurrencies to the network as
a way to raise money and streamline transactions

Cost analysis: To guarantee that blockchain efforts are financially
viable, conduct in-depth cost-benefit studies

Lack of skills

Training programmes: Provide internal or external training courses
to upgrade the blockchain technology skills of current personnel
To cover the skill gap, recruit seasoned blockchain developers,
architects, and experts

Collaboration: Form a talent pipeline by collaborating with
educational institutions to promote blockchain education

Lack of regulatory
compliances

Legal expertise: Work together with legal professionals to manage
the difficult regulatory environment of blockchain implementation
Compliance frameworks: In order to ensure that regulations are
followed, blockchain systems should be designed with compliance
frameworks in mind

Conduct regular audits: Conduct regular audits to ensure that the
blockchain solution is still in compliance with any new legislation
that may be implemented
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6 Conclusion and Discussion

It can be concluded from the above discussion on the blockchain technology and its
applications and integration challenges in education that the blockchain has the
ability to transform the several aspects of the education sector, but we need to ana-
lyze the challenges and perform thorough feasibility study. By integrating the
blockchain technology in the education sector, a network can be delivered that is
transparent and decentralized which can enhance the overall security of the aca-
demic data along with streamlining the administrative processes. The immutable
nature of the blockchain assures the integrity of the academic certificates and
records, which reduces the chances of fraudulent degrees or misinterpretation of
information. Furthermore, the smart contracts help in automating various aspects,
such as fee deposits, course enrolment, reduced human errors and paperwork, etc.
Moreover, the anonymization of the users and data is also supported by the
blockchain-based systems, which assures privacy.

Despite all the potential use cases and applications of blockchain in the educa-
tion sector, there are several challenges that might be faced while integrating it in
existing educational systems. Since the blockchain is a new technology, it is still in
its developing phase because of which it faces issues related to usability, interoper-
ability, scalability, etc. Further, if the educational institutes would move their data or
processing on the blockchain network, they would have to reorganize everything.
And a well-planned approach should be followed for seamlessly integrating the
blockchain to the existing infrastructure. The other challenges include loss of con-
trol of data because of the distributed nature of blockchain. The immutability makes
it impossible to update or delete the data that violates the right of the citizens to be
forgotten. Additionally, lack of compliance and regulatory protocols creates vague-
ness in guidelines. Other challenges that should not be disregarded are lack of skills
and financial barriers. The skilled and expert resources in the field of blockchain are
still lacking. Moreover, there is a high cost involved in the implementation and
maintenance of the blockchain-based network. In order to integrate it with the edu-
cational sector, proper trainings of the academicians are required.

To address the challenges discussed and integrate the blockchain and education
domain a collaboration is required among the various stakeholders such as institu-
tions, blockchain experts, policy designers, government, etc. If careful analysis and
feasibility study are performed, the integration of blockchain and education would
revolutionize the education domain and benefit the students, institutions and the
entire educational ecosystem.
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1 Introduction

Education is an ever-growing industry. Each year, more and more students complete
various educational programs and opt for a job or further studies. According to the
Ministry of Education, India, approximately 9.54 million students graduated in
2021, which shows an increase of 140,000 students compared to 2020 [1]. Because
so many students graduate each year, rigorous screening processes must be put to
work to select suitable candidates. As per the World Economic Forum Report pub-
lished in Nasscom community, the unemployment rate in India during the year 2020
increased to 23% from 10.4% [2]. The consequence of high levels of unemployment
is a bunch of candidates trying to delude their eligibility by producing counterfeit
certificates. The same applies to higher studies, where candidates fabricate certifi-
cates with false results to get admitted to their dream university. According to an
annual trends report by AuthBridge, fake degree submissions accounted for about
28% of education disparities in 2020 in India [3].

It becomes a challenge for employers and universities to select valuable candi-
dates from the extensive assortment of applications. They need to perform addi-
tional time-consuming procedures to verify the documents of candidates. During
our survey to find existing systems that try to solve this issue, we came across some
systems like “DigiLocker.” DigiLocker is a government of India initiative to pro-
mote paperless certificates. It is a centralized system maintained by the government
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of India. As cyber threats intensify, concerns rise about the data security provided
by such centralized systems.

In this chapter, we put forward our proposed system, Verificate, and explain how
it attempts to solve the issue of counterfeit certificates in the education sector and
job market. The following sections give a complete picture of our project. Section 2
‘Background’ provides insights into the existing research study carried out related
to the topic. Section 3 ‘Proposed System’ describes the solutions to overcome some
of the issues in the existing system that we implemented in our system. Section 4
‘Methodology’ describes how our system functions. Section 5 ‘Implementation’
demonstrates the implementation of Verificate. Section 6 ‘Conclusion and Future
Scope’ concludes the chapter with suggestions for further enhancements to
our system.

2 Background

Gupta et al. [4] discuss how in-depth knowledge of blockchain technology and its
frameworks like Truffle and Ganache helps us address issues related to scalability,
cost-effectiveness, and security. Their main aim was to establish an efficient college
framework to store student data securely.

Pu et al. [5] aimed to explore the potential of blockchain for digital certificates.
They conducted analysis on multiple approaches and mentioned six different case
studies for the application of blockchain for digital certificates. The case studies
included diamond certificates, COVID-19 certificates, classification society certifi-
cates, artwork certificates, educational certificates, and renewable energy certifi-
cates. It provides brief information about each case study with very generalized
implementation. The research work is mostly focussed on theoretical aspects, lead-
ing to beneficial analysis.

Lamkoti et al. [6] focus on generating new certificates with a specific template.
The certificates are uploaded to the blockchain by the college itself. However, it
does not take into account the old certificates generated by conventional methods.
Also, as the templates are predefined, it gives rise to scalability issues as different
organizations will have different templates.

Gayathri et al. [7] generated digital certificates and hashed them using a chaotic
algorithm. The generated hash is then stored on the local blockchain network. In
this research work, verification is done only by comparing the hash values. The
work simulates a basic blockchain network, demonstrating its application for cer-
tificate storage.

Nyaletey et al. [8] created immutable ledgers and used IPFS to store files. In their
system, certificates are uploaded onto the blockchain immediately after being gen-
erated by the issuer. Validation of the certificates is done by matching hash values.
In this chapter, only those certificates that are directly uploaded by the university are
present in the blockchain. This chapter, too, fails to include verification of all the old
certificates that were issued before the system was implemented.
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Zuo et al. [9] mention a decentralized system for Renewable Energy Certificates
(RECs) where the RECs are tokenized as non-fungible tokens (NFTs). Hence, to
create atomicity, security, and reliability in certificates, if any certificate is invalid, it
will not get passed into the network.

To overcome the above limitation, a blockchain-based certificate storage system
called “Verificate“is proposed. In Verificate, the user can upload certificates and get
them verified by the respective issuing authority. Only after successful verification,
the uploaded certificates are stored in a decentralized manner. These certificates can
then be accessed by the interviewer whenever needed.

Having delved into previous research work, let’s now turn our attention to the
technologies at play within our system. Below are the technologies that drive the
methodology, offering a thorough explanation of their responsibilities in reaching
our study objectives.

The proposed model uses Polygon, a side chain of the Ethereum blockchain, as
our testnet because Polygon’s Layer 2 scaling solutions closely mimic the real-
world performance of a blockchain network. Furthermore, Web3.storage leverages
the IPES protocol to store files in a distributed way, aiming to conserve space while
maintaining secure data storage. We adopted Hardhat as our development environ-
ment for the purposes of compiling and testing smart contracts.

Node.js, which is used to develop the backend of Verificate, is a server-side
JavaScript runtime environment that is built on Chrome V8 and pairs with Express.
js, a web framework of Node.js. It facilitates asynchronous programming and aids
to handle connections efficiently. This helps when working on real-time applica-
tions and data heavy projects. Express.js enhances development by offering a struc-
tured framework for building web applications and APIs. There is a need for
temporary database storage in the system; hence, MongoDB, an open-source,
platform-independent database application, is used.

3 Proposed Model

Various systems claim to verify certificates and prove their authenticity. Most of
these are centralized systems. Centralized systems are vulnerable to threats, such as
hacking, which may compromise the authenticity of verified certificates.
Unauthorized access to these systems poses a threat of tampering with the stored
certificate files.

Our proposed system, Verificate, uses the concepts of decentralization and dis-
tributed storage to overcome the above-mentioned issues. The use of distributed
storage ensures safer and tamper-proof storage of the certificate files. As a second
layer to safeguard the certificate files and maintain trust in their authenticity, we use
blockchain to save the storage details of the files and additional information about
the certificates (Fig. 12.1).

Our system, Verificate, broadly has three stakeholders: the student/candidate, the
verifier, and the recruiter.
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1. Student/Candidate: The student/candidate is the one who wants his/her certifi-
cate to be verified. A candidate is a certificate holder and will be uploading the
certificate onto the system for verification and uploading it onto the blockchain.

2. Verifier: The Verifier is an external entity, an organization or university, which
has issued the certificate. It is responsible for authenticating the certificate
uploaded by the candidate. The certificate is uploaded onto the blockchain only
if it is approved by the respective certificate-issuing university or organization.

3. Recruiter: A Recruiter (recruiting organization) can be an interviewer, a univer-
sity or any other body that wants to check the authenticity of the certificate suc-
cessfully uploaded onto our system by entering the unique hash given by the
candidate into the Verificate system.

The overall process unfolds as follows: The student uploads their certificate onto the
Verificate system. The system forwards the certificate to the verifier to check its
legitimacy. Once the certificate receives approval from the verifier, Verificate
uploads it onto the blockchain and returns a unique hash key to the student. The
student can then share this hash key with the recruiter. To verify the certificate’s
authenticity, the recruiter enters the hash key into Verificate. If the hash is valid,
Verificate returns the certificate to the recruiter. If not, then the recruiter is informed
about the same.
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4 Methodology

With Verificate, the system considers three stakeholders, the student/candidate, veri-
fiers, and recruiters. Every stakeholder performs specific functions that contribute to
the verification process. The process begins when a student uploads their certificates
on the system. Initially, the certificate files get stored in the local file system in a
dedicated location unique to each student. While the students upload their files, they
are requested to mention the issuing authority for each certificate and additional
information like description of certificate. This information helps the system to
direct the verification request to the respective verifiers. On successful upload of the
files, a data field gets associated with each file that is supposed to hold the hash
value of the blockchain transaction if the certificate is declared authentic (Fig. 12.2).

When a student uploads the certificate, the respective verifiers can view the
uploaded files to be verified. The authorities declare the authenticity of the certifi-
cate files by performing checks proposed by their organization. Verificate is not
involved in this process, assuming every organization may use differing methods.
Once the certificate is verified, the verifier marks it as genuine on the system.

The process of preserving the authenticity of the uploaded certificate file follows.
Utilizing the distributed nature of Web3.storage, which uses IPFS protocol, the
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certificate files are uploaded to it. A unique value, called Content Identifier (CID),
is returned for every uploaded file. The CID, student id, current timestamp, issuing
institute name, and other necessary information for each file are stored in a Smart
Contract and sent to the block creation process of the blockchain. The transaction
hash returned is stored in the local database, created using MongoDB, and associ-
ated with the respective certificate. This hash value is provided to the student that
they are supposed to share with their recruiter when necessary.

When the recruiter wishes to check the authenticity of the certificates provided
by the candidate, they query the system with the certificate’s hash. Our system
fetches the Smart Contract associated with the hash value and retrieves the CID. If
the system fails to find the Smart Contract using the provided hash, it alerts the
recruiter that the certificate is unauthenticated. The CID is used to query Web3.stor-
age API and the certificate file is displayed. The certificate is genuine if the system
can fetch the certificate file from Web3.storage.

Using blockchain technology with the IPFS storage, the system establishes a
two-layer security framework to safeguard the authenticity of the verified certifi-
cates. The stakeholders can benefit from our system with minimal effort and minor
changes to their existing processes.

5 Implementation

To create Verificate, we used various industry-standard technologies. Here we
describe how we use those technologies to make Verificate a robust and reliable
certificate verification platform.

We used HTML, CSS, JavaScript, and Embedded JavaScript Templating (EJS)
to create responsive and dynamic web pages. The server-side processing by sophis-
ticated programs produced using Node.js handles user requests such as user authen-
tication, file upload, verification, and certificate retrieval. It also performs process
invocation like file storage to Web3.storage, deployment of Smart Contracts to the
blockchain network, information retrieval from the blockchain and Web3.storage,
and database queries. We store the information about the users and the certificates
in a database created using MongoDB, a NoSQL database. The stored data are nec-
essary for functions like user authentication and certificate verification.

We use Web3.storage, a storage solution based on IPFS protocols, to store the
verified certificate files. Being distributed in nature, it ensures the safe storage of the
files and acts as the first layer of defence in Verificate. We achieve the second layer
of security using the Ethereum blockchain network to deploy Smart Contracts.
Initially, we tested the deployment of Smart Contracts on the Goerli Testnet but
soon discovered the gas cost to be very high. Therefore, we switched the implemen-
tation to Polygon’s Mumbai Testnet as it offers faster deployment performance and
lower gas cost.

We collect the test currency from faucets offered by providers such as Alchemy
and store it in a MetaMask account that connects with Verificate to compensate for



12 Verificate — Transforming Certificate Verification Using Blockchain Technology 217

the funds required to perform the transactions on the blockchain. The Smart
Contracts are built using Solidity and initially tested using the Remix IDE. Later, we
used Hardhat for final testing and automated deployment of smart contracts to the
blockchain. With the amalgamation of all the mentioned technologies, we establish
a seamless experience of certificate verification for the users.

5.1 System Snapshots

Figure 12.3 shows the landing screen of the system. Users can view the information
about the system and choose to either login or register from this page.

Figure 12.4 shows the dashboard wherein the students can see a graph that dis-
plays the statistics of the number of certificates uploaded and verified daily by sys-
tem. They can also see all the certificates that they have uploaded for verification
and their verification status.

Figure 12.5 shows the screen from which the students can upload their certifi-
cates for verification.

Figure 12.6 shows the page from which verifiers can view the certificate verifica-
tion requests and update their verification status.

Figure 12.7 shows the screen where recruiters can enter the submitted hash key
(by candidate) and check their authenticity.

VERIFICATE

Leveraging Blockchain for
Certificate Verification

Imevinable | Sccure | Decontralined

“Verificate™ an efficient and transparent solution to the age-old problem of certificate verification.

P

Fig. 12.3 Landing page
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6 Conclusion

In an era of swift technology evolution, the requisite for foolproof methods of
authenticating and safeguarding certificates has become vital. The escalating
instances of deceptive alterations in certificate documents have exacerbated the
urgency of robust solutions. With Verificate, we try to address this exigency,
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propounding a method that can curtail the impact of counterfeit certificates on the
community.

Our approach emerges as a comprehensive remedy that prevails over the limita-
tions of existing methods. Using Blockchain technology, we harness the potency of
decentralization to fortress against the rising tide of falsified credentials. With a
unified point of access, Verificate brings cohesion to all stakeholders involved, alle-
viating the complexity and streamlining the verification process.
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To demonstrate this, we performed a case study that displays the efficiency gain
with Verificate over the traditional method. The values taken into consideration are
rough estimates of the real world. The traditional method involves sending hard
copies of certificates to the issuing authority. The one-way transit of these docu-
ments requires an average of 15 days. Assuming a timeframe of 15 days for the veri-
fication process by the verifiers, it adds up to approximately 45 days to complete the
transaction. On the other hand, Verificate eliminates the transit time. We still assume
a timeframe of 15 days for the verification of certificates by the verifiers. Therefore,
the total time required for the verification process using Verificate effectively short-
ens to one-third of what it takes in the traditional approach.

In conclusion, Verificate represents a technical innovation with our commitment
to shaping a future where integrity, authenticity, and fairness take centre stage. As a
tangible step in this direction, one enhancement we contemplate involves the inte-
gration of an Optical Character Recognition (OCR) module. This module could
automatically identify the issuing authority, facilitating a harmonious and error-free
transmission of documents to relevant verifiers.
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Chapter 13 )
Transforming Waste Management
Practices Through Blockchain Innovations
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1 Introduction

In the modern world, waste management is one of the important challenges that has
to be addressed. Waste management is connected to other global issues including
sustainable production and consumption, food and resource security, poverty alle-
viation, and climate change. Governmental organisations, non-governmental organ-
isations, judicial institutions, and technological firms all have a role to play in
addressing the issues facing the waste management sector. With the correct combi-
nation of all stakeholders cooperating on the same platform, waste management
might be managed, according to a number of study reports and our own real-world
experiences. Before anybody attempts to develop technology-backed solutions, it is
crucial to understand the waste management life cycle and the multiple obstacles
faced at each stage. The United Nations (UN) defines waste management as the
activities of (a) collecting, moving, treating, and disposing of waste; (b) controlling,
monitoring, and regulating the production, moving, treating, and disposing of waste;
and (c) preventing waste production through in-process modifications, reuse, and
recycling.

Figure 13.1 illustrates the numerous processes garbage travels through before it
is disposed of at a landfill.

Waste management is everyone’s duty who creates garbage, not just one person
or business. We list some of the most significant issues that need to be resolved below.
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1.1 Failure to Enforce Laws and Raise Awareness

Inadequate waste management has a number of causes, but one of the biggest ones
is ignorance. People who produce garbage are not aware of the need for and meth-
ods of waste segregation, and waste handlers and collectors are not aware of the
proper methods for processing and disposing of both usable and non-useful trash.
The effects of poor waste management on health and the environment are often not
well known. According to India’s 2016 waste management regulations, source seg-
regation of waste is required in order to channel waste to wealth through recovery,
reuse, and recycling.

1.2 An Absence of Source-Level Waste Segregation

The primary producers of trash are families and businesses, where it is necessary to
separate garbage at the source. The majority of garbage currently being collected by
communities or municipalities is not effectively separated into recycleable and non-
recycleable waste. In a few instances, the government fails to provide the general
communal with the necessary infrastructure for the disposal of separated garbage.
Government regulations state that trash generators must pay a “User Fee” to the
garbage collector and a “Spot Fine” for littering and non-segregation; however,
compliance with the regulations is extremely minimal.

1.3 Abundant Generation

Innumerable methods contribute to the daily growth of garbage being produced.
The amount of waste produced in a country varies with its per-capita wealth.
Population growth and garbage production are both rising in low- and middle-
income nations. In 2016, 62 MT of waste were produced annually in India, of which
5.6 MT were plastics wastes, 0.17 MT were biomedical wastes, 7.90 MT were
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hazardous wastes, and 1.5 MT were electronic wastes, according to statistics
released by the Ministry of Human Resource Development, Government of India.

Additionally, Indian cities produce 200-600 g of garbage per person each day.
Actually, only around 75-80% of municipal garbage is collected, and only 22-28%
of this waste is processed and treated. Of the 43 MT per year that are collected, only
11.9 MT are treated and the other 31 MT are disposed of in landfills. In 2030, trash
output is anticipated to rise from 62 MT to over 165 MT.

1.4 Shortage of Scientific Landfills

Due to the contamination of groundwater and the release of methane gas into the
atmosphere, landfills built nowadays are not created scientifically. Other problems
with waste sites include offensive odours, fire explosions, and animal scavenging.
The quantity of dump sites that are readily accessible does not match the demand in
the nation. Over 70% of the collected municipal garbage is just deposited into
landfills.

1.5 Inadequate Use of Technology to Monitor Waste Flow

Waste producers and handlers are unaware of how and where their garbage is treated
once it has left their bin. There is no reliable waste management tracking system.
Although RFID technology is utilised for trash management, its application is not
widespread. Data input errors, inconsistent data entry, and data manipulation for
financial advantage might result from the present waste management system’s
human data entering. Additionally, official correspondence is transmitted on paper,
which increases the risk of loss in transit.

1.6 Lack of Responsibility

Once the garbage has left the creators’ control, they never again accept responsibil-
ity for it. Because of this, there is an excessive amount of rubbish left behind in the
streets and communal areas.

Cryptographic ledger is a decentralised, distributed, immutable, computing, and
information-sharing platform that enables several authority domains—which do not
trust one another—to interact, coordinate, and collaborate in a logical decision-
making process. Cryptographic ledger is the enabling technology that made the
“Satoshi Nakamoto”-created Bitcoin cryptocurrency possible. Cryptographic led-
ger is a continuously expanding collection of blocks with timestamps linked together
by cryptographic hashes. Because blocks may only be added to this chain, the
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Cryptographic ledger is unchangeable. High computational work and approval from
other network nodes are needed to edit a block, which is essentially impossible.
Computational nodes, not by a single person, but by a network. The transparency of
the Cryptographic ledger is a result of the information being shared and accessible
to anyone. With a wide range of applications, including but not limited to banking,
healthcare, government, manufacturing, and distribution, Cryptographic ledger has
been recognised to have greater promise than merely as a platform for cryptocurren-
cies. Supply chain management, startup funding, electronic voting, educational cre-
dentialing, electricity generation, and distribution are a few examples of the many
fields where Cryptographic ledger is being used.

The chapter is set up as follows:

The Cryptographic ledger-based waste management solutions are covered in
Sect. 2 of this chapter. We have examined the current solutions in part 3 before ana-
lysing the future work in Sect. 4.

2 Waste Management Using Cryptographic Ledger

This section will cover the current Cryptographic ledger-based waste management
systems.

2.1 Swachh Coin

Swachh coin is a Cryptographic ledger-based method for micromanaging garbage,
especially from homes and businesses, and turning them into valuable goods in an
effective and environmentally responsible way. Among the high-value products pro-
duced from the processed wastes are electricity, paper, steel, wood, precious metals,
glass, and polymers. The Swachh Ecosystem is a Decentralised Autonomous
Organisation (DAO), which is managed independently based on set rules in the
form of smart contracts.

Swachh coin implements an iterative process cycle using a number of cutting-
edge technologies, and over time, this will entirely autonomise, optimise, and pro-
duce the system. This cycle of repetitive processes concentrates on the data shared
among many ecosystem participants, analyses those data, and offers ideas in real
time based on predictive techniques.

The technologies and tools that make up the Swachh coin ecosystem are
listed below.

1. SwATA (Swachh Big Data): One of the issues facing the waste management sec-
tor is data management and openness with tonnes of garbage being produced,
gathered, moved, processed, and then disposed of. A sufficient amount of data is
evenly generated. SWATA is a tailored application that gathers, saves, and evalu-
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ates this data in order to offer recommendations for different improvement tasks
including route optimisation, maintenance cycles, and report production. In
order to create highly organised data that the SWATA application can analyse,
SWATA employs a NoSQL methodology and virtual data filters at the collection
points. The data created in an area like waste management is unstructured. The
most cutting-edge and trustworthy technique used by SwATA is prescriptive
analysis. The immutability of the data is provided by Cryptographic ledger
technology.

2. SWATEL (Swachh Adaptive Intelligence): SWATEL is referred to as the brain of
the whole ecosystem since it allows different types of machinery and equipment
in the ecosystem to communicate and coordinate with one another, giving them
intelligence. In order to make judgements based on prior learning in real time,
SwATEL utilises a customised application of adaptive intelligence (AI). These
choices may result in physical or digital acts that are then recorded on the
Cryptographic ledger. Deep learning and neural networks are the two main com-
ponents of Al

3. SwIOT (Swachh Internet of Things): The Internet of Things (IoT) enables us to
manage everything that is online. The collection and transportation trucks, col-
lection bins, treatment facilities, and disposal sites might all be connected to and
managed by an IoT-based network in the waste management industry.

4. SwBIN (Swachh Bins): Correct and thorough garbage collection will improve
the waste management procedure.

SwBIN is similar to our standard trash cans but has more modern, appealing
features like decentralised advertising, automated lid shutting and opening, and
free Wi-Fi. A Unique Identifier (UID) is given to each waste producer. When
waste is dumped, SWBIN will recognise the user using the QR code that corre-
sponds to the UID and measure factors such as the quantity and quality of the
garbage to determine the rewards points. The Cryptographic ledger contains a
record of these points. The users will receive this prize in the form of Swachh
Tokens. The status of the trash in the bin will be sent to the waste service provid-
ers via SWBIN via the SWIOT. The SwBIN installation costs throughout all
regions are to be covered by the advertisement, according to the Swachh
Foundation’s proposal. The garbage collecting and processing facilities receive
the collected wastes.

5. Cryptographic ledger and Smart Contracts: Swachh coin chose Ethereum as
their Cryptographic ledger solution with smart contracts‘support, creating a
Decentralised Autonomous Organisation that fits their present process and
requirements. Autonomous Philanthropy is made possible by Swachh coin’s
DAO Smart contract.

6. Swachh Tokens: Swachh Tokens (SCX) are utility tokens that a user may earn as
compensation by using correct waste disposal techniques. Platform-specific set-
tlements might be the main application for these tokens. In addition to money,
these tokens give their owners the ability to nominate NGOs for funding or cast
a vote on important platform choices. The 400 million Swachh tokens that the
Swachh coin network intends to develop were distributed in 69% crowd sales.
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2.2 Recereum

A Cryptographic ledger network called Recereum allows garbage and recyclables to
be converted into actual currency. The garbage collection company and individual
consumers may now communicate directly thanks to the Cryptographic ledger. The
Recereum Cryptographic ledger compensates individual home users with Recereum
coins, which are generated from the money that is saved by properly sorting gar-
bage. The Recereum ecosystem runs on Ethereum, the biggest communal
Cryptographic ledger. The transfer of rewards (tokens) from one account to another
is recorded on the Cryptographic ledger. According to the Recereum whitepaper,
supply chain management, payments, and smart contracts are the major uses.
Recereum tokens (RCR) [1] are Ethereum platform-issued ERC20-based coins.
Recereum will issue 7,999,000 RCR, of which 65% will be sold to the general com-
munal, at a pricing of 1 ETH for 300 RCR.A vending machine or battery collecting
device might be used in conjunction with the Recereum Cryptographic ledger tech-
nology for garbage collection. Recereum focuses primarily on the cycle of waste
management"s trash sorting and associated sectors.

2.3 The Plastics Bank

With the goal of stopping the flow of plastics into the ocean by making people
money, Plastics Bank is a Cryptographic ledger-based application. This initiative’s
plastics collection is recycled, and the resulting Social Plastics is then sold. These
plastics were approved by Plastics Bank and offered the collector a premium as a
reward. The safest and most reliable way to create a social effect that can scale
throughout the globe is by leveraging Cryptographic ledger technology to distrib-
ute, authenticate, and store these awards (Fig. 13.2).
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Fig. 13.2 Recereum Cryptographic ledger workflow
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3 Analysis and Observations

The communal Ethereum Cryptographic ledger provides the foundation for the
majority of the existing Cryptographic ledger solutions outlined in Sect. 2. Some of
the observations are listed below:

1. Swachh coin is built on a Decentralised Autonomous Organisation (DAO) that
uses smart contracts to function. However, the DAO itself allows attackers to
steal money from the DAO due to flaws in the smart contracts. Ethereum forked
as a result of this. The Cryptographic ledger technology and the smart contracts
that operate on it are still in the development stage and cannot yet address practi-
cal problems like waste management. It is crucial at this point to refrain from
having too high of an idealistic expectation that Cryptographic ledger technol-
ogy would be able to solve every problem.

2. The previously proposed Cryptographic ledger solution: We recognise that the
IoT-based system creates a large amount of data, which should also be kept on
the Cryptographic ledger. At the time of writing, there is no viable consensus
method for IoT-based networks operating in real time, despite the fact that some
use cases in the waste management area are not time essential.

3. Furthermore, present solutions do not address all of the issues associated with
waste management. The Cryptographic ledger-based system delivers account-
ability, openness, and transparency in the process and data management, data
security through the immutable property of Cryptographic ledger, incentivisa-
tion through cryptocurrency for waste segregation, and awareness. However, it
does not solve the law enforcement and non-compliance issues that are prevalent
in waste management.

4 Conclusion and Future Work

However, the scope of the current research is rather broad since it not only discusses
the triple bottom-line components of sustainability but also compiles a list of publi-
cations pertinent to the supply chain for humanitarian aid. However, the study has
certain drawbacks, such as the fact that it only looked at sustainability and did not
include other supply chain characteristics like resilience, agility, or robustness. In
this study, we explored the waste management process and the issues encountered
along the waste management life cycle. We have described Cryptographic ledger
technology and emphasised the benefits of adopting Cryptographic ledger to address
these difficulties. We also analysed significant current Cryptographic ledger-based
waste management systems such as Swachh coin, Recereum, and Plastics Bank and
stated our findings based on our investigation. As a future project, we propose
developing Thui-mychain, a Cryptographic ledger solution for waste management
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based on IoT, Al, and our native cryptocurrency Naanayam, which would incorpo-
rate the United Nations goals for waste management and address the challenges
identified above.
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1 Introduction

In recent years, decentralized technology and blockchain have emerged as transfor-
mative tools with the potential to revolutionize various industries, including health-
care administration. This chapter explores the applications, benefits, and challenges
of integrating decentralized technology and blockchain into healthcare administra-
tion processes.

1.1 Blockchain Technology

Blockchain technology is a decentralized and distributed digital ledger system that
allows multiple parties to record and maintain a secure and transparent record of
transactions. It was originally created to support the digital crypto currency Bit coin,
but its potential applications extend far beyond just financial transactions [1]. At its
core, a blockchain is a chain of blocks, where each block contains a list of transac-
tions. These blocks are linked together in a chronological order, forming a continu-
ous and unchangeable chain [5]. The key features of blockchain technology include:

A. Decentralization: Unlike traditional centralized systems, where a single entity
has control over data and transactions, a blockchain operates in a decentralized
manner. [t is maintained by a network of participants (nodes) rather than a single
central authority.
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B. Transparency: Transactions recorded on a blockchain are visible to all partici-
pants within the network. This transparency helps prevent fraud and ensures that
everyone has access to the same information [2].

C. Immutability: Once a transaction is recorded in a block and added to the block-
chain, it becomes extremely difficult to alter or delete. This is achieved through
cryptographic hashing and consensus mechanisms.

D. Security: Blockchain uses advanced cryptographic techniques to ensure the
security of transactions and data. Transactions are verified and added to the
blockchain through consensus mechanisms, which prevent unauthorized
changes [6].

E. Consensus Mechanisms: These are protocols that ensure that all participants in
the network agree on the state of the blockchain. Different consensus mecha-
nisms (e.g., Proof of Work, Proof of Stake) have been developed to achieve
agreement among participants in various ways [3, 4].

F. Smart Contracts: These are self-executing contracts with the terms of the
agreement directly written into code. They automatically execute and enforce
the terms when predefined conditions are met, eliminating the need for interme-
diaries [7].

Blockchain technology has numerous potential applications beyond crypto curren-
cies, including supply chain management, identity verification, voting systems,
intellectual property protection, healthcare data management, and more. Its ability
to provide trust, security, and transparency in various industries has led to signifi-
cant interest and ongoing research in its potential applications [2]. It is important to
note that while blockchain technology offers many advantages, it is not without
limitations, including scalability issues, energy consumption concerns (especially
in Proof of Work systems), and the complexity of implementing certain applica-
tions. Different blockchain platforms and variations continue to be developed to
address these challenges and tailor the technology to specific use cases (Fig. 14.1).

(a) Decentralized Technology in Healthcare: Decentralized technology charac-
terized by its distributed nature and lack of central authority holds promise in
healthcare administration. Through the use of decentralized networks, data can
be securely stored, accessed, and shared across multiple parties, enhancing data
integrity and reducing the risk of single points of failure.

(b) Blockchain and Healthcare Data Management: Blockchain technology, a
type of decentralized ledger, offers a transparent and tamper-resistant way to
manage healthcare data. Patient records, medical histories, and other sensitive
information can be securely stored on the blockchain, granting patients control
over their data and allowing healthcare providers seamless access to accurate
information [10].

(c) Improving Interoperability and Data Exchange: One of the key challenges
in healthcare administration is the lack of interoperability among different sys-
tems and providers. Blockchain’s standardized protocols can facilitate seamless
data exchange between various stakeholders, leading to more efficient care
coordination and reduced administrative burden.
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(d) Enhancing Patient Privacy and Security: Blockchain’s cryptographic prin-
ciples enhance patient privacy by allowing them to share only necessary parts
of their medical history while keeping the rest of their data confidential.
Additionally, blockchain’s immutable nature helps prevent unauthorized access
and tampering of medical records, contributing to higher data security [2, 3].

(e) Smart Contracts for Administrative Efficiency: Smart contracts, self-
executing agreements triggered by predefined conditions, have the potential to
streamline administrative processes in healthcare. These contracts can automate
tasks such as insurance claims processing, billing, and supply chain manage-
ment, reducing errors and saving time.

2 Decentralized Blockchain Features and Implementation
in Healthcare

Decentralized blockchain technology has the potential to address various challenges
and improve different aspects of the healthcare industry. Here are some features and
potential implementations of decentralized blockchain in healthcare:
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(a) Data Interoperability and Sharing:

Blockchain can enable secure and interoperable sharing of medical data across
different healthcare providers, systems, and institutions. Patients could have
control over their health records and grant permission for specific entities to
access their data.

(b) Data Security and Privacy:

Blockchain’s cryptographic mechanisms can enhance the security and privacy of
patient data. Personal health information could be stored in a distributed man-
ner, reducing the risk of single points of failure and unauthorized access.

(c) Identity Management:

Blockchain can be used to create tamper-proof digital identities for patients,
healthcare professionals, and organizations. This could streamline identity veri-
fication processes and reduce the risk of fraud.

(d) Clinical Trials and Research:

Blockchain can facilitate the tracking and auditing of clinical trial data, ensuring
transparency and reducing the chances of data manipulation. Researchers can
have access to trustworthy data while maintaining patient privacy.

(e) Drug Traceability and Supply Chain Management:

Blockchain can improve the transparency and traceability of pharmaceutical sup-
ply chains, reducing the prevalence of counterfeit drugs and ensuring the
authenticity of medications from manufacturer to patient.

(f) Telemedicine and Remote Patient Monitoring:

Blockchain could enable secure and verifiable storage of telemedicine interactions
and remote patient monitoring data. This can help ensure the integrity of the
data and maintain patient privacy [8].

(g) Billing and Claims Management:

Blockchain can streamline billing and claims processes by creating transparent
and auditable records of medical services provided and billed. This can reduce
errors and fraud in billing.

(h) Research Data Sharing:

Researchers and institutions can securely share research data with each other using
blockchain. This would encourage collaboration, data sharing, and replication
of research results.

(i) Health Insurance and Verification:

Blockchain can facilitate verification of insurance coverage and streamline the
claims process. This could lead to faster and more accurate claims settlement.

3 Implementing Blockchain in Healthcare

Regulations and Compliance: Healthcare is heavily regulated, and any blockchain
implementation must adhere to relevant laws, such as data privacy regulations
(e.g., HIPAA).
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Interoperability: To achieve data sharing and integration, blockchain solutions
should be designed to work with existing healthcare systems and standards.
Scalability: Blockchain networks need to handle a significant amount of data,
especially in healthcare. Scalability solutions need to be considered.

Adoption: Adoption by healthcare providers, organizations, and patients is cru-
cial for the success of any blockchain solution. User-friendly interfaces and edu-
cation are essential.

Security and Privacy: While blockchain enhances security, it is not immune to all
threats. Robust security measures must be in place to protect sensitive healthcare
data [11].

Collaboration: The implementation of blockchain in healthcare may require col-
laboration among stakeholders, including healthcare providers, technology com-
panies, regulators, and patients.

Overall, decentralized blockchain technology has the potential to revolutionize

healthcare by addressing data security, interoperability, transparency, and patient-
centricity. However, its successful implementation requires careful planning, col-
laboration, and consideration of the unique challenges within the healthcare industry
[12] (Table 14.1).

Challenges and Considerations: While the potential benefits are substantial, inte-
grating decentralized technology and blockchain into healthcare administration
presents challenges. These include regulatory compliance, scalability, energy
consumption, and the need for industry-wide standards.

Real-World Applications: Several real-world examples showcase the impact of
decentralized technology and blockchain in healthcare administration. Projects
like MedRec and Medical chain are leveraging these technologies to enable

Table 14.1 Decentralized blockchain features and implementation in healthcare

Application Description

Decentralized Technology in | Accurate identification and localization of abnormalities,

Healthcare Decentralized tumors, and diseases through image segmentation,

technology classification, and feature extraction

Blockchain and Healthcare Quantitative measurement of disease progression by analyzing

Data Management changes in tissue density, blood flow, or metabolic activity over
time

Improving Interoperability and | Precise treatment planning based on the analysis of medical

Data Exchange images to determine optimal strategies and assess potential
outcomes

Research and Development Investigation of new diagnostic methods, evaluation of

treatment efficacy, and exploration of disease mechanisms
through the analysis of large-scale medical imaging datasets.

Surgical Navigation Image-guided surgical procedures using real-time image
processing and analysis techniques to aid surgeons in precise
interventions

Telemedicine Remote analysis of medical images, enabling access to expert

opinions and diagnostics in underserved areas
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secure and efficient health data management [15], while others explore drug sup-
ply chain verification and telemedicine solutions.

4 Challenges in Integrating Decentralized Blockchain
in Healthcare Administration

Certainly, here are some of the key challenges in integrating decentralized block-
chain technology into healthcare administration:

1. Regulatory Compliance: Healthcare is a highly regulated industry, and intro-
ducing blockchain technology requires adherence to complex regulatory frame-
works. Ensuring compliance with data protection laws such as HIPAA (Health
Insurance Portability and Accountability Act) in the United States and GDPR
(General Data Protection Regulation) in Europe is crucial. Navigating these
regulations while maintaining the decentralized and transparent nature of
blockchain poses a significant challenge [13].

2. Data Privacy and Security: While blockchain is known for its security fea-
tures, managing patient data on a blockchain network requires careful consider-
ation [14]. Striking a balance between data accessibility for healthcare providers
and patient privacy is challenging. Ensuring that sensitive patient information
remains confidential while being accessible to authorized personnel is a critical
concern.

3. Scalability: The scalability of blockchain networks is an ongoing challenge. As
healthcare administration involves vast amounts of data and numerous transac-
tions, scaling blockchain to handle the high volume of data and maintain per-
formance efficiency is a considerable hurdle. Solutions like shading and layer 2
scaling are being explored to address this issue.

4. Interoperability: Healthcare involves various stakeholders, including hospi-
tals, clinics, pharmacies, insurers, and patients, often using different systems.
Ensuring interoperability between these disparate systems and standardizing
data formats for seamless data exchange is complex. Blockchain’s potential to
improve interoperability needs careful planning and implementation.

5. Energy Consumption: Many blockchain networks, especially those using
proof-of-work (PoW) consensus mechanisms like Bit coin and Ethereum, are
criticized for their high energy consumption. Sustainable blockchain solutions
are sought to reduce the environmental impact while maintaining the network’s
security.

6. Adoption and Education: The healthcare industry is traditionally risk-averse,
and introducing new technologies like blockchain requires buy-in from stake-
holders. There is a need for education and awareness about the benefits of
blockchain to encourage adoption [16]. Healthcare professionals and adminis-
trators must understand how blockchain works and how it can benefit their
operations.
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7. Integration with Legacy Systems: Healthcare organizations often have leg-
acy systems in place. Integrating blockchain with these existing systems can be
challenging and costly. Ensuring a smooth transition and compatibility with
legacy infrastructure is essential.

8. Costs and Investment: Implementing blockchain technology in healthcare
administration requires a significant initial investment in infrastructure, train-
ing, and ongoing maintenance. Healthcare organizations need to assess the
cost-benefit ratio and long-term ROI to justify these investments.

9. Data Migration and Legacy Data: Transferring historical patient data from
legacy systems to a blockchain can be a complex and time-consuming process.
Ensuring the accuracy and integrity of this data during migration is essential for
patient care and compliance.

10. Ethical and Legal Issues: Blockchain raises ethical and legal questions, such
as the right to be forgotten (data erasure) and the ownership of healthcare
records. Resolving these issues while maintaining transparency and trust in the
blockchain network poses ethical and legal challenges. While blockchain tech-
nology has the potential to address many of the issues in healthcare administra-
tion, its integration is not without challenges. Overcoming these hurdles
requires careful planning, collaboration between stakeholders, and a deep
understanding of both the technology and the healthcare industry’s unique
requirements (Fig. 14.2).
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Fig. 14.2 Challenges in integrating decentralized blockchain in healthcare administration
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5 Conclusion and Discussion

In conclusion, the integration of decentralized technology and blockchain in health-
care administration represents a promising step towards transforming the landscape
of healthcare management. The potential benefits of these technologies, including
enhanced data security, improved interoperability, streamlined administrative pro-
cesses, and patient-centric care, hold the promise of revolutionizing how healthcare
systems operate. Decentralized technology ‘s distributed nature offers a solution to
challenges like data silos and interoperability issues that have plagued the health-
care industry for years. By providing a secure and transparent platform for data
exchange, blockchain can enable seamless sharing of patient information while
maintaining patient privacy and consent.

The application of blockchain in healthcare administration extends beyond data
management. Smart contracts can automate and streamline administrative tasks,
reducing errors and accelerating processes such as billing, claims processing, and
supply chain management. This automation not only saves time and resources but
also reduces the potential for human error. However, it is important to acknowledge
that the integration of these technologies is not without its challenges. Regulatory
compliance, data privacy, scalability, energy efficiency, and the cost of implementa-
tion all pose significant hurdles that must be carefully navigated. The healthcare
industry’s cautious nature and reliance on legacy systems add another layer of com-
plexity to the adoption process.

Successful implementation requires collaboration between healthcare profes-
sionals, technology experts, regulators, and patients. Stakeholders must work
together to design solutions that prioritize patient well-being, security, and compli-
ance with legal and ethical standards.

In the coming years, as decentralized technology and blockchain mature, we
anticipate witnessing more innovative use cases and solutions in healthcare admin-
istration [9]. While the road ahead may be challenging, the potential to create a
more efficient, transparent, and patient-centric healthcare ecosystem makes the
journey worthwhile. As we navigate these challenges and capitalize on the opportu-
nities, the integration of decentralized technology and blockchain could play a piv-
otal role in shaping the future of healthcare administration. Decentralized technology
and blockchain hold immense promise for transforming healthcare administration.
By enhancing data security, interoperability, and administrative efficiency, these
technologies pave the way for a more patient-centered, transparent, and effective
healthcare ecosystem.
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1 Introduction

It has been 10 years (decade) since the pseudonymous author published “Bitcoin: A
Peer-to-Peer Electronic Cash Network’ white paper.” This study laid the ground-
work for the rise of Bitcoins, the first cryptocurrency to enable secure financial
transactions without needing a dependable central authority, such as financial insti-
tutions [36, 38]. With the invention of blockchain technology, Bitcoin addressed the
double problem (i.e., the weakness associated with digital tokens since they can be
easily duplicated or forged as electronic files).

A blockchain’s key advantage is maintaining a clear view and consensus among
individuals, although some might not be truthful. Researchers have researched the
topic of agreement extensively in the past. Still, its usage in the blockchain context
is provided new stimuli, and inspiration leads to new ideas for blockchain systems.
The most well-known approach, Proof-Of-work (PoW), is used in Bitcoin. It
requires system operators, termed miners, to complete complex computational jobs
before confirming transactions and linking them to the Bitcoin blockchain [22, 37].
As a result of this expansion, hundreds of other digital tokens have emerged aimed
at addressing some particular vulnerabilities of the dominant cryptocurrencies or
targeting certain domains like health, banking, farming, and others. Blockchain is
also being studied by the traditional banking system (and in some cases adopted);
almost this technology is used for transactions by 15% of financial firms.
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Since 2014, it has been more clear that blockchain is used for much more than
cryptocurrency and banking transactions enabling the discovery of many new appli-
cations: managing and maintaining administrative documents, digital signature, and
authentication systems; checking and tracking intellectual property rights and own-
ership of patent systems; and allowing smart processing. The distributors of locally
manufactured goods to the ultimate customer generally control products as they
pass from the manufacturer and distributor via the supply chain. These develop-
ments are now revolutionizing several areas of industry, society, and government at
large, but they can also raise more problems and threads, which need to be expected.

1.1 ICT to the Blockchain

Blockchain is seen as “a transparent, distributed ledger able to effectively and verifi-
ably and permanently record transactions between two parties.” Blockchain appears
to be a revolutionary ICT with the potential to revolutionize the transforming busi-
ness utilized in agriculture. On the other hand, farming is an unexplored industry
with the potential to transform blockchain completely.

1.2 Blockchain in Agriculture and Food Supply Chain

Although BCT is gaining momentum and proving its usefulness in several crypto-
currencies, different organizations plan to utilize its accountability and error detec-
tion to tackle challenges in cases involving several untrusted parties in sharing
resources. Food supply chain and agriculture are two significant and very specific
fields. Agriculture and food supply chain operations are inextricably linked since
agricultural items are frequently utilized as inputs in multi-actor dispersed supply
networks, whereas consumers are generally end users. As a positive example, Agri
Digital, in December 2016, signed the world’s first blockchain sale deal for 23.46
tonnes of grain. About 1300 consumers over 1.6 million tons of grain have since
been transacted over the cloud-based network, with $360 million in payments to
farmers.

Agri Digital’s success encouraged future application within the agricultural sup-
ply chain. Agri Digital aims to create reliable and secure supply chains for agricul-
ture through blockchain technology [9, 17]. Worldwide the food supply chain is
multi-actors-based and distributed, involving several factors such as producers,
logistics firms, retailers, and grocery stores. This system is inefficient and unstable
at the moment. For example, when people purchase goods locally, they don’t know
the source of those products or the production’s environmental footprint. Using data
and knowledge is becoming important in enhancing production and sustainability
for the agricultural sector. Information and communication technology (ICT)
improves the efficiency and efficacy of data collection, processing, assessment, and
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usage in agriculture. It allows farmers to obtain up-to-date information easily and
helps them make better daily decisions. For example, data on remotely sensed soil
conditions can help farmers manage crops, mobile phones reduce the cost of infor-
mation and promote farmers’ market access and financial support, and introducing
a Global Positioning System (GPS) facilitates field mapping and guidance on
machinery and crop scouting.

1.3 Crop and Food Production

Address the requirements of a growing population by increasing food production
with fewer resources while lowering environmental impact, boosting customer loy-
alty, preserving responsibility across the supply chain, and ensuring fair pay for
farmers despite weather fluctuations, blockchain and IoT are transforming the food
processing business from farmer to producer and retailer [2, 16].

Addressing the needs of a growing population by increasing agricultural output
despite resource constraints, minimizing environmental imprint, strengthening cus-
tomer loyalty, maintaining supply chain accountability, and assuring fair remunera-
tion for farmers while managing weather-complexities when it comes to boosting
output under adverse environmental circumstances, agriculture has several chal-
lenges. Blockchain and IoT are revolutionizing the food manufacturing business
from farmer to producer and retailer. Blockchain technology has the potential to
make agriculture a more sustainable industry by utilizing a more simplified strategy
to optimize farming services such as water, labor, and fertilizer. Here is a detailed
explanation of how blockchain technology might help crops or agricultural
goods grow.

1.3.1 Step 1: Generating Data from the IoT Devices

Due to the global population being predicted to reach 9.6 billion by 2050, the agri-
culture business is adding IoT technologies and sensors to feed the expanding popu-
lation. A sensor network (temperature, pH, soil humidity, atmospheric humidity,
and light) designed to monitor the agricultural field. IoT sensors and gadgets cap-
ture data that can assist farmers in making crop production decisions. Before saving
data, first of all, the collected data from IoT devices has to be analyzed.

1.3.2 Step 2: Enrichment and Cleaning of the Collected Data

There is a need to ensure that the collected data is organized and understandable
before saving on the blockchain. Information enrichment is achieved to create
greater value and increase the efficiency of collected information. The following
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steps are taken to ensure that data is cleaned before being distributed to the storage
platform:

* Adding the Meta Information

e The information of timestamps, demographics, and sorting to make the data
more structured.
¢ Making the data ready for compliance

e Preserving blockchain data does not imply that it should not be followed.
Consequently, regulatory execution is streamlined. Meeting requirements that
guarantee the personally identifiable data associated with IoT system informa-
tion is protected and complies with safety protocols. It is put into a ready-to-learn
format until the data is enhanced.

1.3.3 Step 3: Using Machine Learning (ML) Techniques to Make Data
more Insightful

ML is applied for useful insights into the data produced from the sensors. Statistical
models will drive the various useful cases including recommendations for the
crop quality

 Identification of crop.
* Prediction of crop yield and crop demand.

* From the knowledge collected using deep learning algorithms, farmers and other
participants may sometimes improve the irrigation system. The informative data
will be stored on the blockchain so that agricultural industry leaders such as
innovators, service providers, suppliers, farmers, and retailers may acquire it
transparently.

1.3.4 Step 4: Data Kept on the Blockchain

The strong-value information collected through deep learning is maintained in IPFS
(Interplanetary File System), a computer cluster network that hashed and stored
blockchain addresses. Apart from the traditional method for storing sensitive data
on a central server with the potential for one single failure point, the data is shared
through all network nodes that prevent central authorities from controlling the
device. The data collected on the BCT will cause smart contracts to execute accord-
ing to the standards prescribed therein. Smart contracts allow data sharing between
the various stakeholders in the network stored on the blockchain. Knowledge will
be available to any consumer in the agricultural sector, and bringing efficiency in
crop or food production will become seamless to them.
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1.4 Food Supply Chain

Determining the origins or development of food requires tracking the food chain.
Supplied eatables must be safe to consume. When it comes to how the food supply
chain is really managed, distributors and food producers struggle to confirm the
provenance of the commodities. Despite ongoing risks of adulteration, UK house-
holds bear an annual cost of up to £1.17 billion due to food fraud. The integration of
blockchain technology is introduced to combat this issue, it is now feasible to add
transparency and trust to the food supply chain system, assuring food safety for
everybody [35]. Here is a detailed description of how the blockchain food supply
chain might eliminate dishonesty.

1.4.1 Step 1: Data Generating from IoT Sensors or Farmers Storing Data

As indicated above, smart farming allows sensors to produce relevant information
on crops grown in fields. Unless the farmer does not employ technology means, they
may readily preserve crucial details such as crop performance, seed types, and cli-
mate circumstances under which the crops were cultivated using a cell phone. IPFS
with addresses recorded in the blockchain preserves data gathered manually, either
by utilizing IoT sensors or by farmers, in a distributed storage network.

1.4.2 Step 2: Distribution of Crop Produce to the Food
Processing Companies

Once the harvests are ready, food processing firms will begin purchasing on the site.
The commodities may be transported to refineries using loT-enabled trucks while
recording the temperature conditions under which the goods are kept and delivered.
If smart contracts approve the bid, the crops are processed, and the data acquired on
the blockchain is saved at each stage of the process firms. The information obtained
from the refineries will help dealers or distributors determine whether or not the
food supplied is of good quality. Saving knowledge about the blockchain will also
ensure that protection at any level of the food supply chain has been achieved.

1.4.3 Step 3: Supplying Processed Food to Wholesalers and Retailers

Once the food items or produce are processed, the bidding platform helps wholesal-
ers and distributors to bid on the products they want. The food products are also
transported in IoT-enabled vehicles to distributors and supermarkets, equivalent to
moving crops to refineries. The blockchain supply chain provides traceability by
assisting food manufacturers in simply and effectively carrying out product recalls.
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1.4.4 Step 4: Consumers Can Back-Trace the Supply Chain

From information on farm origin to transporting information, sample numbers, food
production and manufacturing data, expiry details, inventory weather, and other
details automatically connected to food products inside the blockchain, consumers
may discover everything by following the supply chain backward. It will enable
many stakeholders to have access to food quality information at all levels. Because
blockchain increases accountability in the food supply chain, it will be easier to
determine when and how food is tainted.

1.5 Controlling the Weather Crisis

Farmers typically face volatile weather conditions when growing various crop
types. The prediction and monitoring of climate conditions are therefore important
for the survival of crops. Many crops planted in the United States cannot survive
floods due to severe spring rainfall. The oxygen concentration hits zero, making
life-sustaining activities such as water uptake, root development, and breathing
impossible for plants. Furthermore, the existing lack of transparency in the food
chain will lead to unpredictable and expensive price surges. Consumers had no
notion when crops were harmed by bad weather and what factors contributed to
increased pricing. Producers and other stakeholders would better understand pricing
disparities in the food delivery sector due to blockchain’s capacity to enable moni-
toring and accountability. Farmers may easily obtain crop insurance premiums
using smart contracts if authorized institutions can track climatic conditions from
the blockchain ledger.

1.6 A Step-by-Step Blockchain Process for Weather Control
in Agricultural Fields

1.6.1 Step 1: Agricultural Climate Stations Submit Necessary Data
to the Blockchain

Smart agriculture helps farmers understand the crop’s behavior through sensor
deployment and field mapping. Placing agricultural climate units on farms may
generate vital information such as rainfall, soil temperature, temperature at the dew
point, wind speed, air temperature, solar radiation, wind speed, humidity, leaf wet-
ness, direction, and atmospheric pressure at various heights. The abovementioned
criteria are calculated, recorded, and maintained in a database that farmers and other
authorized entities can easily access.
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1.6.2 Step 2: Farmers Can Take the Preventive Measures

Farmers may make educated farm-related decisions by analyzing weather station
data. For example, knowing that it will rain hard in the next few days may enable
them to take the necessary precautions ahead of time.

1.6.3 Step 3: Crop Insurance for Rapid Application

Farmers may use the blockchain to apply for the rest of their crop insurance claims
during a weather disaster. Because of the blockchain’s explicit and irreversible
activities, insurance companies and other permitted organizations would have sim-
ple access to smart weather station data produced. With the aid of smart contracts,
it can ask the blockchain directly to obtain the necessary information. After accept-
ing the insurance claim request, farmers will immediately receive the required
amount in their wallets. Hence, a blockchain-enabled system can help producers get
compensation easily and rapidly.

1.7 Managing the Agricultural Finance

Some of the numerous issues that threaten organized financial inclusion with small
farmers are the lack of transparency, payment history, and contract enforcement
problems. Exempting financial inclusion will negatively impact agricultural value
chain production because producers cannot maximize yields, and purchasers strug-
gle to perform and enhance product supply. Financial firms not only allow small-
holders to invest in agriculture but also help farmers to ease liquidity pressures. It
resulted in purchasers having difficulties paying farmers on arrival, forcing small
farmers to sell their produce at cheaper prices. With transparency and accessibility
of shared controls, blockchain brings equity to the agricultural finance process.
Here’s how blockchain could be able to handle farm finances better.

1.7.1 Step 1: Stakeholders Share the Information at Each Stage
of Food Production

Information is saved on the blockchain when a transaction occurs, allowing all
interested parties to examine each transaction transparently. The interchange of rel-
evant knowledge would improve the overall system’s justice at any level of food
production.
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1.7.2  Step 2: Auditors Can Conduct Audits Effectively

The blockchain, which can store data indefinitely and safely, can also serve to verify
the recorded transactions. Instead, then making producers or retailers call for annual
records for audit purposes, auditors can examine payments immediately using data-
base ledgers. The automated auditing approach will render the audit environment at
a low cost. Audit firms that can undertake audits throughout the year rather than
only at the end of the year. Blockchain allows auditors to replace random auditing,
making access to every transaction more effective.

1.8 Benefits of Blockchain Technology in Agriculture

It enables peer-to-peer transactions to be done fairly without needing an intermedi-
ate such as a bank (such as cryptocurrency) or an agricultural intermediary. By
eliminating the necessity for a centralized authority, technology transforms reli-
gion’s direction — confidence is placed in encryption and peer-to-peer networks
rather than an authority. It helps to restore trust between consumers and producers,
which can reduce the cost of payments in the agri-food market. Blockchain platform
provides a secure method for tracing anonymous participants’ transactions. It allows
for the quick identification of fraud and malfunctions. In addition, integrating smart
contracts will report problems in real time. Owing to the complexities of the agri-
food network, it enables tackling the problem and monitoring of goods in the large
supply chain. As a result, technology answers food quality and health issues that are
of major interest to consumers, governments, and others.

Blockchain technology ensures responsibility for all parties involved and allows
precise data collection. Blockchain technology can track every step in a product’s
value chain, from conception to demise. Precise agricultural process data is crucial
for developing smarter and more secure farming. It enables the implementation of
data-driven facilities and compensation solutions in agriculture. Advantages of try-
ing out the blockchain in agriculture are as follows.

1.8.1 Improved Food Quality Control and Safety

One of the primary applications of blockchain is to improve supply chain account-
ability. It will assist us in eliminating unnecessary procedures and ensuring optimal
quality control conditions. Crop failure, for example, is a common issue that affects
farmers all over the world. It is mainly due to unfavorable climatic circumstances
such as uneven rainfall and variable weather patterns. To address this, companies
like IBM are investing millions in precision farming, developing IoT systems that
allow producers to assess soil fertility, insects, and water management that may
impact their harvests. It will enable them to verify that all variables are as they
should be. When something goes wrong, they are quickly alerted and can make
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corrections until it is too late. Most significantly, it also allows us to identify the
cause of the issue almost immediately in the event of the problems such as an out-
break of food safety. It has the potential to save the supply chain cycle more than
just time and money — it might also save lives.

1.8.2 Increase of Traceability in the Supply Chain

We are seeing a drastic increase in customer perceptions about food quality. Many
customers eagerly wanted to know where their food came from. Customers can
know exactly where their food originated from, who cultivated it, and how new it is
by utilizing blockchain. Updating the database with details will only allow staff to
search for the product at each process point. Consider buying something from the
grocery and finding out precisely what it is by scanning a barcode with your smart-
phone app. Increasing the supply chain’s traceability would greatly eliminate food
theft, false labeling, and taking out intermediaries from the process to ensure that
farmers are paid reasonably for their efforts and that the consumers know what they
produce. Improved traceability may also allow farmers to record, monitor, and track
their crop status through the growing, harvesting, storing, and delivery process sim-
ply by using a smartphone app. They can still see the exact state of their goods and
make changes where appropriate. Realizing that over one-third of food generated
for human use is wasted each year (roughly 1.3 billion tonnes), this innovation is
long overdue. Some Australian farmers are adopting blockchain to track their pro-
duce and reduce waste.

1.8.3 Increase in Efficiency of the Farmers

To save information and manage procedures, many farmers now utilize a range of
programs, spreadsheets, and notes produced by various software development firms.
However, sending this information to other network providers is complex and time-
consuming [41]. Farmers can use blockchain technology to keep information in a
single spot so that people who need it can access it, automate the entire process, and
save significant time and energy. For example, they might monitor the things like:

* The business objectives and how they intend to accomplish those goals

* Animal health issues, what they eat, and how much they should be fed

e Income and expenses

e Their schedule, how much each employee must be compensated, and also how
many hours each employer must work

Keeping track of everything in one application rather than a variety of ways sim-
plifies the operation and avoids the chance of losing vital data.
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1.8.4 Fairer Payment for the Farmers

Several obstacles make it hard for farmers to be compensated for their produce. For
starters, it takes farmers several weeks to get full Payment for their produce. To
make matters worse, traditional payment channels — particularly wire transfers —
consume a sizable chunk of farmers’ revenue. Blockchain-based smart contracts
automatically trigger payments when a buyer meets certain criteria without charg-
ing high transaction costs. It suggests that the farmer may receive money for the
items as soon as they are sent without losing significant revenues. Many farmers
sometimes struggle to sell their produce at a respectable price on the market. The
intermediaries are now reaping most benefits while doing little labor. Smart con-
tracts will eliminate the need for intermediaries, allowing farmers to speak directly
with distributors. As a result, they may obtain a more equitable price for their goods.

1.9 Applications

Various uses in food and agriculture: farm insurance, digital farming, food supply
chain, and agricultural product purchasing.

1.10 Agriculture Insurance

Extreme climate affects the production of agriculture and endangers food security.
Both livestock and crop production get involved and change in temperature is pre-
dicted to intensify more in future weather extremes. Agricultural insurance policies
are commonly recognized as an instrument for managing climate-related risks.
Before the cropping process starts, farmers pay an insurance premium here and earn
an insurance payout if they suffer a loss on their farm. Consequently, the insurer
absorbs all the liability insurance liability, and farmers can control the economic
exposure to severe weather events and financial losses incurred in extreme climatic
conditions. In fact, in the event of weather concerns that consistently affect all cov-
ered farms, the insurer will further hedge the systemic element of the risk with a
reinsurance provider. Agricultural insurance varies in the calculation of risks and,
subsequently, in the initiation of payouts. Insurances that reward farmers based on a
damage estimate rendered by a farm specialist are referred to as compensation-
based insurance. Indemnity-based insurance can cover losses specifically but is vul-
nerable to asymmetric information problems. More precisely, information about the
risk of agricultural production and business practices is transmitted asymmetrically
between farmers and insurers. Farmers should be taught about both moral hazard
considerations and unfavorable choices. According to the adverse selection, farmers
with a high-risk exposure are more likely to get insurance than farmers with a lower-
risk exposure. When protected, farmers are more likely to engage in riskier
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production strategies. Both conditions contribute to insurance policy business loss
if the insurer lacks knowledge. Therefore, insurance dependent on reimbursement is
vulnerable to expensive risk assessment, and steps need to be introduced to prevent
asymmetric knowledge issues, such as deductibles. In addition, outputs cannot be
assessed, for example, weathered pastures cannot be covered, even though they
cause financial harm.

Index-based insurance was born, inspired by the disadvantages of compensation-
based insurance, either as an alternative or as a supplement to classic products. In
this case, the payout is driven by a visible metric, such as rainfall at a local weather
station, rather than the loss itself. If this weather station has adequate prior weather
records, the farmer and the insurer have identical insured interest details, and agri-
cultural operations do not influence insurance payouts.

Consequently, moral hazard and adverse selection have no part to play, and the
technological process for inducing a payout has been simplified considerably. In
addition, full insurance coverage is available without deductibles, and claims can be
made promptly and automatically only after an extreme weather occurrence is
assessed. The risk basis is the difference between payout and on-farm loss. There
may be three Specific Risk Sources. Spatial risk bases suggest variations between
on-farm and measured conditions, for example, spatial distance. Temporary risk
means that an imprecise period has been chosen to determine the index, for exam-
ple, year-round rainfall vs. Seasonal rainfall in May. All remaining factors, such as
a lack of meteorological variables or biased technical implementation, are summa-
rized in the design foundation risk [47].

To sum up, index insurance is becoming an increasingly valuable method for
farmers to mitigate risk, although raising risk on the basis is of central interest.
Blockchain can aid in the two-dimensional improvement of index insurance. First,
payments can be made based on weather data, which triggers payout as described in
a smart contract timely and automatic. Second, environmental and other informa-
tion sources, such as plant growth data or data acquired by farm machinery, may be
automatically merged into a smart oracle, which enhances risk management through
indexing and payout procedures. Smart contracts employing digital oracles to com-
bine external data have proven beneficial in various crypto-economic applications.

1.11 Smart Agriculture

Critical data and natural resource information are underlying the agri-food systems
that support all farming forms. Stakeholders and actors produce and handle data and
knowledge according to their capacities and needs. Smart farming is differentiated
using ICT, the IoT, and many developing data collecting and analysis technologies
like machine learning sensors and UAVs. An important problem in developing smart
farming is implementing a robust protection framework that promotes data utiliza-
tion and management. Modern forms of centralized information processing are vul-
nerable to misleading data, information manipulation and misuse, and
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cyber-attacking. For example, government-centralized agencies usually handle
environmental monitoring data with their interests. They can exploit data-related
decision taking. It stores data generated by many actors and stakeholders through-
out the value-added cycle of creating an agricultural product, from seed to sale. It
guarantees that the data acquired is permanent and accessible to all actors and stake-
holders. Blockchain technology generates protection through the “defence of ano-
nymity” rather than decentralization on which conventional technologies depend. It
is less vulnerable to loss of data and manipulation to send information to stakehold-
ers’ computers than to store data on servers centrally controlled by administrators.

The adoption of IoT and blockchain technology increased recently, which has
led to creating and deploying various smart farming agriculture models. Patil, for
example, suggests “a lightweight blockchain-based architecture for smart green-
house farms.” ICT e-farming concept based on blockchain for local and regional use
has been proposed by Lin et al. [26]. Several businesses are dedicating themselves
to smart agriculture blockchain technology. Filament manufactures equipment that
connects physical items with networks using smart farming technology. Transparency
inspires the public’s commitment to irrigation management and strengthens their
work to advance water resource utilization. Over time, the quantitative database cre-
ated using blockchain may be employed to assist decision-making regarding the
water canals’ construction and maintenance.

Smart blockchain farming doesn’t lower the technical barriers to the farmers to
participate, if not lift them. Importantly, gathering trustworthy data from big farm-
ers is more encouraged than from smallholders to upload it to the technology of
blockchain. On a larger scale, farmers often encounter challenges that can affect
their profits in smart farming using blockchain technology. It can thus establish or
intensify the difference between big and small farmers.

1.12  Food Supply Chain

Food supply networks got more complicated and lengthened as globalization and
market demand increased. There are a few unique difficulties in food supply chains,
such as food traceability, safety and quality, customer trust, and supply chain inef-
ficiencies, which adds extra dangers to society, the economy, and human health.
From the standpoint of producers, the use of blockchain technology will assist in
developing confidence with customers and the legitimacy of the items by giving
explicit information about specific products in blockchain. Enterprises can better
attain the value of their goods and thereby improve productivity. It will make it
impossible for fraudulent suppliers and less-quality goods to remain in the markets
and push all the suppliers to increase the quality of the goods in the agriculture and
food sectors. It contributes to the availability of precise and reliable information on
how food is prepared and exchanged from the client’s perspective. It assists in
resolving customer issues about food safety, quality, and environmental friendli-
ness. Blockchain allows customers to interact with farmers since they can better
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understand the food production cycle. It helps customers by removing barriers to
product interchange to strengthen their connection, ultimately enhancing customer
confidence and faith in food health. From the standpoint of regulatory authorities,
blockchain supplies them with secure and correct information to adopt intelligent,
effective policies.

Blockchain can record a product’s data from its origin to retail location. It pro-
vides a secure and consistent method of storing information collected at the start of
the supply chain, such as grain or vegetable pesticide residues and livestock animal
DNA. Individuals involved in the product’s supply chain can confirm and review
these details. Obtaining this data for all objects might be expensive, but it can be
done on samples. The availability of such information will aid in detection.

In the food supply chain, the latest blockchain innovation is still in its beginning
stages of advancement. Simultaneously, the methodology of executing blockchain
innovation contains various holes and incomplete business [29]. Moreover, the
arrangement of blockchain innovation requires broad support and coordinated effort
of partners in the food chain, which is basic for its motivation. Considering its
straightforwardness, security, and decentralization attributes, blockchain innovation
considers observing the nature of food and data across the whole supply chain. It
dissuades food buy extortion and cuts the cost of running the food supply chain.
Accordingly, all gatherings, including makers, clients, and government administra-
tive associations, will benefit.

1.13 E-Commerce of Agricultural Products

Agricultural commodities and trade e-commerce are confronting some significant
challenges. First, as Tiago et al. [43] showed, highly confident customers are more
inclined to purchase online. Consumers cannot easily confirm and trust the basic
details about agricultural products [20]. Meanwhile, the most important challenges
e-commerce companies facing, particularly in developing countries, are logistics
service and cash on delivery. In addition, retailers in e-commerce often need to man-
age time-consuming small orders of different products, which creates high operat-
ing costs for e-commerce firms.

Blockchain technology has the potential to solve several of these problems: (1)
Data security — blockchain enables essential validation and authentication needs as
a powerful instrument. Thus, it can safely and unchangeably link data on all aspects
of the farming and harvesting of agricultural produce. (2) Supply chain manage-
ment. Blockchain technology will more effectively allow supply chain management
than conventional control methods by reducing the signaling cost for each entity.
Any link in the supply chain — the supplier, the point of origin, the logistics busi-
ness, the location, multi-modal transportation, the container, and the last mile — rep-
resents a “block” of information with the benefits of visibility, aggregation,
confirmation, automation, and resilience. (3) Methods of Payment — the blockchain
offers a zero-rate, encrypted solution to payment. In addition, using
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cryptocurrencies to sell agricultural goods will more dramatically lead to reduced
transaction costs. (4) Customer trust. The distributed accounting information sys-
tem of the blockchain is timestamped during the decentralized process, ensuring
that all information on the chain is visible and unalterable. Consumers will be free
of imposters, and they will re-establish faith in e-commerce. (5) Farmers’ costs are
reduced. Households create numerous agricultural commodities; yet, due to the low
quantity and small scale of operations, traditional e-commerce is unwilling or
unable to provide services to them, thus eliminating such players from the trade [13,
40]. Blockchain is a technology to significantly lower transaction costs and reinte-
grate them into the market.

Few businesses also use this technology for testing, but it may not be used in the
entire process. Detailed details, including seeding, irrigation, fertilization, and
deworming, were documented before the products were placed into the network. We
also have basic producer information, transport logistics, day storage, and tempera-
ture storage. Only the special QR code on the items can be scanned by customers,
and all the details are available for search. This strategy will successfully halt coun-
terfeiting by rogue merchants and restore customer trust in e-commerce and agricul-
tural products from its suppliers.

2 Review of Literature

Ammous et al. [3] explain that given the complexity of current supply chains, BT
must automate and improve process efficiency. There are some facilities in a typical
supply chain, such as distributors, factories, distribution centers, etc., through which
flows products, cash, and information [45]. At these interfaces, few transactions
take place in all supply chains, for example, between a salesman and a plant or
between a factory and a distribution center [9]. In the presence of financial-related
redundancies in record keeping, trust-related problems are inevitable.

Korpela et al. [23] state that the blockchain will serve as the primary source of
information and will encompass all supply chain operations. Many value-creating
processes, like capture, monitoring, and data transfer, may be accelerated, and
blockchain can provide scalability without delay [42]. In their supply chain net-
work, companies will get a distributed real-time log of transactions and operations
through a blockchain-powered supply chain.

Ivanov et al. [19] propose that BT helps companies obtain accurate forecasts of
demand, manage capital effectively, and reduce the cost of carrying inventories due
to their ability to track operations. It allows supply chains to reduce cost risk com-
pared to conventional supply chains where high inventory levels, overcapacity, and
third-party backup sources are built in anticipation of interruptions.

According to Sreehari et al.’s [39] report, the blockchain can introduce digital
confidence into the procurement cycle. Blockchain’s transparency characteristic
comes in handy here. In conventional supply chains led by analog contracts, there is
a payment gap between the actual delivery of the goods, the creation of invoices,
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and the ultimate settlement of payments. BT s smart contracts deployment will help
businesses decrease or eliminate this delayed and costly payment gap by integrating
delivery and payment into enterprise-wide digital contracts and connecting with
logistics partners and banks [34]. The integration will also reduce the need for
working capital and simplify the financing operations that contribute to supply
chain sustainability. A smart contract, which serves as a rule book for transactions,
can be employed. These intelligent agreements can aid payment decisions [27].
Vehicles, for example, which can be readily integrated with technology such as
GPS, can serve as a blockchain information input source. After such inclusion, the
irreversible presence of blockchain ensures that it does not change data and may be
utilized for analytics purposes at any time. The combination boosts operating effi-
ciency for the outbound supply chain even further.

Kshetri [24] makes sense of how different SCM standards, like moderateness,
quality, practicality, steadfastness, risk the executives, maintainability, and versatil-
ity, were considered. Utilizing innovation diffusion theory, the review found that
organizations, for example, oil exchanging with a few provider layers, will arise as
the leaders in blockchain acknowledgment [32]. The review anticipated that expo-
sure of a blockchain by one association would force prescriptive tension on other
supply chain elements involving ranchers, for instance.

Nakasumi [28] discusses the approach to addressing conventional supply chain
issues like double marginalization and asymmetry of information, etc. The study
suggests that the problem of double marginalization and knowledge asymmetry can
be solved by applying BT. A cost-effective, scalable, cloud-based integration model
is proposed [18]. According to the survey, the most crucial blockchain functions are
ledgers, smart contracts, and time stamps.

Tian’s [44] study presents a food supply chain traceability system for real-time
food monitoring that is based on HACCP (Hazard Analysis and Critical Control
Points), blockchain, and the Internet of Things [33]. The suggested approach pro-
vides the advantages of monitoring and detecting fake products. Blockchain is
believed to be able to revolutionize the food chain. Abeyratne and Monafared’s [1]
study uses a cardboard box as an example to highlight the diverse advantages of
blockchain in different industrial application domains within the supply chain.
According to the analysis, IoT and blockchain will significantly influence manufac-
turing in the coming decade [8, 25].

Kamble et al.’s [21] study delves into the comprehensive exploration of block-
chain technology and its significance throughout the supply chain. They establish
and validate a model for assessing customer expectations regarding blockchain
adoption. The idea depends on the assembly of three reception theories: the technol-
ogy acceptance model (TAM), the technological readiness index (TRI), and the
anticipated conduct theory (TPB). A review of 181 supply chain specialists in India
was utilized to test the recommended model utilizing underlying condition model-
ing. The study found that the TRI-Insecurity and inconvenience affected apparent
ease of use or benefit. The review indicates that the TRI develops uncertainty and
uneasiness, significantly affecting apparent ease of use and benefit. The motivation



254 C. Ganeshkumar et al.

to take action is influenced by perceived benefits, mindset, and perceived control
over activities.

The report Astarita et al. [5] offers the consequences of a writing survey using
blockchain-based transportation frameworks. The significant objective was to uti-
lize a multi-step cycle to distinguish ebb and flow research patterns and possible
future troubles. Following that, a bibliometric survey was finished to acquire a wide
understanding of the subject of interest. Following that, the main headways were
completely analyzed, zeroing in on two regions: supply chain and planned opera-
tions, street traffic, the executives, and brilliant city, the board. The essential out-
come is that blockchain technology is still in its beginning stages. Yet it seems very
encouraging, considering its possible applications in spaces, for example, food
checking and recognizability, administrative consistence, shrewd vehicle security,
and supply-demand balance.

Cole et al. [7] explain the review of blockchain technology from the Operations
and Supply Chain Management (OSCM) perspective, finding application areas. A
description and analysis of the blockchain technology are provided to identify
implications for the OSCM field. There is strong excitement about the possibilities
provided by digital ledger technology [4]. The nascent state of practice and research
surrounding blockchain means that OSCM researchers can study and influence the
acceptance of the technology at its early stages. Today, there’s more scope for cre-
ativity now than ever.

2.1 Objectives of the Study

1. To understand the perceived ease of using the blockchain

2. To study the relationship between the components of the blockchain
3. To understand the perceived risk of using the blockchain

4. To examine the intention to use blockchain

2.2 Hypotheses of the Study

H;: There is a significant association between perceived risks and intention to use.

H,: There is a significant association between perceived ease of use and perceived
usefulness.

H;: There is a significant association between perceived usefulness and inten-
tion to use.

H,: There is a significant association between perceived ease of use and inten-
tion to use.
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3 Research Methodology

The present study was undertaken in Bangalore city of Karnataka, with 50 responses
from the employees of Agribusiness companies. The selection of the sample is
based on a multi-stage sampling technique. In the first stage, companies were
selected purposively related to agriculture in Bangalore. In the second stage, depart-
ments in the companies were set purposively associated with blockchain. In the
third stage, the employees are chosen randomly.

A structured questionnaire was developed to collect primary data from the
employees of companies. The data collected from each respondent about know the
perceived usefulness of blockchain, intention to use blockchain, perceived risk of
blockchain, and perceived ease of use of blockchain [10-12, 14, 18]. Based on
information collected from the respondents, technology acceptance model is to be
assessed. Secondary data has also been collected from various online sources related
to the blockchain. The data collected from the surveyed area in Bangalore has been
analyzed using descriptive statistics and the PLS-SEM model.

The descriptive statistics of the gender were categorized into male and female.
More than half of the respondents (62%) are male and 38% are female. Nearly half
of the respondents are (48%) postgraduate degree equivalent, 28% are undergradu-
ate, (20%) respondents are others, and the remaining 4% have completed their doc-
torate. Of most respondents, 78% had heard about blockchain, and the majority,
84%, stated that blockchain would be beneficial. The majority of respondents, 82%,
marked that blockchain technology is helpful for future purposes, and half of the
respondents (50%) stated that it helps them to complete their tasks quickly. Almost
44% are marked neutral about using blockchain to improve job performance, and
8% strongly agree that blockchain enhances job performance, while 6% of the
respondents disagree.

Almost half of the respondents (50%) agree that blockchain improves job pro-
ductivity, and most (42%) agree that using blockchain-based applications increases
effectiveness on the job. More than half of the respondents (54%) agreed that using
BBA makes it easier to do their job. Most respondents (74%) have stated that neither
easy nor difficult to learn how to operate blockchain. Less than half of the respon-
dents (44%) have said that neither easy nor difficult to get BBA in what they want
to do. Most of the respondents (60%) are marked neutral to the interactions with the
BBA would be clear and understandable, and 58% of them agree that BBA is to be
flexible to interact with.

More than half of the respondents, 54%, agreed that it would be easy to become
skillful using BBA, and 58% agreed they worry about transaction errors and cannot
get compensation loss. Most of them (72%) have marked neutral with BBA may not
perform well because of technical errors in the network. Most (68%) are neutral to
the blockchain, may not perform well, and process payments incorrectly.

More than one-third (32%) of the respondents agree that they would not feel safe
providing personal or private information over blockchain-based applications, and
48% of them have marked neutral to the usage of blockchain, leading to loss of
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convenience due to wasting time fixing errors. The majority of them (70%) have
observed that neutral to learning how to use blockchain takes a lot of time, and 68%
of them are desirable to learn how to use blockchain. Almost 48% are neutral about
using blockchain for banking needs, and 56% are neutral about using blockchain for
transactions. More than half of the respondents (52%) agree they feel comfortable
using blockchain for transactions (Fig. 15.1 and Table 15.1).

The table above explains the relationship between the perceived risk to intention
to use, perceived ease of use to perceived usefulness, perceived usefulness to inten-
tion to use, and perceived ease of use to intention to use is positive at 0.05
Significance level.

Fig. 15.1 Conceptual model with beta value statistics

Table 15.1 Results of hypothesis testing

Relationships T-value | Beta value |Hypothesis results
H, | Perceived risk to intention to use 3.34 0.33%%* Supported
H, | Perceived ease of use to perceived usefulness |9.70 0.65%%* Supported
H; | Perceived usefulness to intention to use 2.80 0.327%%* Supported
H, | Perceived ease of use to intention to use 3.46 0.347%%* Supported

Note *** highly significant



15 Blockchain Technology Acceptance in Agribusiness Industry 257
4 Discussion and Conclusion

Most respondents from the surveyed area are male at the postgraduate level. Many
respondents have heard of blockchain technology and its applications and benefits.
There will be a usage of blockchain of technology in the future, which helps to
ensure traceability. Half of the respondents stated that the blockchain-based appli-
cations help to complete the tasks quickly, and some said there is no change in
completing the tasks. The majority of the respondents from the surveyed explained
that there is no change in their job performance by using the blockchain. By using
blockchain-based applications, there is an increase in productivity and effectiveness
on the job, and it helps to complete the job easily. Most respondents worry they can-
not get compensation when a transaction error occurs. Over one-fourth of respon-
dents from the surveyed area are not interested in providing personal information in
blockchain-based applications. Most respondents desire to learn blockchain-based
applications and are neutral to using blockchain for banking needs. The components
of blockchain have a favorable connection, including perceived ease of use, per-
ceived utility, intention to use, and perceived danger [6, 31, 46]. A large percentage
of responders use blockchain to handle transactions.

It concluded that blockchain technology acceptance had been seen. blockchain
helps to ensure traceability and also helps to increase productivity. blockchain is
neither easy nor difficult to learn its applications. By using blockchain, they may
become skillful and interested in providing personal information. They are neutral
that blockchain may not perform well because of technical errors and for banking
needs. It is used for handling transactions. There is a positive relationship between
the components of blockchain, such as intention to use, perceived use, perceived
usefulness, and perceived risk [15, 30]. The study focuses on the technology accep-
tance model of blockchain in various agriculture-related companies. A survey has
been carried out in the companies that are located in Bangalore, such as Cropin,
Smerketo, Spar, Reliance, Big Basket, Jivabhumi, Jubilant food works, Way Cool,
Licious, Cultvyate, GT green technologies, Farmtrac, Sammunathi, etc.
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1 Introduction

The adoption and implementation of digital technologies by organizations have
given rise to massive transformations in the organizations’ internal operations and
processes. The primary objective of Industry 4.0 is to facilitate the seamless integra-
tion of technology, electronic devices, transactions, and various stakeholders,
including suppliers, consumers, and clients [1]. Blockchain (BC) technology is a
state-of-the-art innovation that holds the potential to enhance the reliability and
safety of these interconnections [2]. Technology adoption and implementation come
with a set of challenges like adverse environmental consequences [3]. The signifi-
cance of the circular economy (CE) in contributing to the sustainable development
goals (SDGs) has been increasing in recent years. According to scholarly works by
[4-7]. China has been at the forefront of adopting and implementing the CE model.

The concept of CE centers on enabling diverse processes such as refurbishment,
recycling, repair, design, manufacturing, and eco-effectiveness advancement. The
overarching objective of these endeavors is to reduce the disposal of materials, com-
ponents, and commodities. The concept of the CE aims to identify a rationale for
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generating value from waste and resources by transforming consumption and pro-
duction patterns. This chapter discusses using BC technology in SMEs to adopt and
implement a CE.

This chapter is structured as follows: The second section outlines the methodol-
ogy used. Section 3 identifies gaps in the literature review process. Section 4 sum-
marizes the research findings related to the concept of CE, its significance,
challenges, and opportunities for Indian SMEs in adopting CE with BC technolo-
gies while also discussing the challenges encountered by small enterprises. Section
5 presents the discussions derived from the comprehensive analysis of the findings
and provides recommendations for future research. Section 6 ends the chapter with
a conclusion.

2 Methodology

A comprehensive analysis was conducted to clarify the methodology outlined by [8]
and identify relevant research pertaining to BC, CE, and sustainability in the context
of Indian micro, small, and medium enterprises (MSMESs). Established criteria were
applied to select the relevant studies for this systematic literature review. The search
term TITLE-ABS-KEY ((“circular economy“AND sustainability AND practices
OR sustainability AND performance AND Blockchain OR Technology)) was used
as the default search criterion. It is worth noting that there is a scarcity of research
on the topics of BC [9] and the circular economy [7, 10, 11]. The findings indicate
an increase in the exploration of BC research since 2020, with a growing focus in
2022. While some papers highlight the benefits of adopting CE, there is a lack of
scholarly inquiry regarding this approach’s practical applications and resulting
impacts. The construction of the literature review followed a rigorous selection pro-
cess, including only articles that met the specific criteria of the study, ensuring a
focused and targeted review.

The authors adopted a systematic literature review (SLR) method, following
[12], to gather relevant and precise information for their study. The search and gath-
ering of articles were performed jointly to prevent any mismatches, and the relevant
articles were filtered based on the following search criteria.

1. The first search is based on keywords “Circular economy,” “Blockchain,” and
“sustainability,” with additional connections mentioned in the search string,
which resulted in 297 documents.

2. The second step is based on the application of various filters [13] such as open
access journals, limiting the subject area to computers, business, management,
and accounting, which retrieved 91 articles.

3. Upnext the articles were further filtered with abstract filtration and criteria for
the current chapter such as the paper discussing BC and the CE. Moreover, the
papers should contain discussions about the technological perspectives to pro-
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mote sustainability and should address the challenges faced by the MSMEs. A
total of 54 articles were retrieved by this filter.

4. Further, the cross-references, seminal papers, and methodology papers were
identified and added to the final number of articles for the study.

The search is to filter the articles and abstract reading, and the subject area is limited
to industrial engineering and management only. The search was performed only in
the Scopus database, which is much more relevant than many other databases. The
articles were analyzed by the forward and backward snowball technique, which
extracted the exact data that fit our study [14].

3 Research Gap

While earlier literature focused on decoupling policies without actual implementa-
tion of practices [15], recent research has delved into the complexities of observed
implementations [2]. In the context of SMEs in India, there appears to be lack of
awareness regarding CE practices and the use of BC technology to reduce waste in
production [9]. Industry experts must implement BC technologies to enhance trans-
parency and agility [16]. However, there are still gaps in understanding how SMEs
can effectively adopt CE practices [11]. Furthermore, there is a need for more
research on the environmental, economic, social, and behavioral effects of circular
practices and the adoption of these practices by different stakeholders. By address-
ing these research gaps, we can accelerate the development and implementation of
CE approaches, working toward a more sustainable and circular future [17].
Achieving a technological CE requires collaboration among policymakers, busi-
nesses, consumers, and technicians. Further research is needed to assess the eco-
nomic benefits of CE approaches across different industries and locations [18].
Scaling up and replicating successful circular practices in different contexts also
requires more investigation (as highlighted in reports by the Ellen MacArthur
Foundation) [19, 20]. Understanding the scalability and replicability of circular
practices can help identify the most effective approaches and encourage wider
adoption.

4 Findings
4.1 Circular Economy as a Concept

A closed-loop system is the foundation of the CE, which aims to cut down on mate-
rial cycles and resource consumption [18]. CE focuses on procedures like manufac-
turing, design, recycling, and repair to reduce the amount of waste generated [11].
Sustainable industrial systems have intricate effects, so CE seeks to promote them
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at the micro, meso, and macro levels. The principles of “Resource-Product-Renewed
resource” flow and “Reduction, Recycling, and Reuse“are all involved in the change
from a linear system to a circular system [21].

Numerous studies that led to the discovery of CE in various applications can be
seen in recent literature. Examples of recent studies on the supply chain, services,
building industry, technology, and manufacturing are available. The CE has many
advantages, including lower carbon emissions, better resource utilization, and
increased business competitiveness [22]. But putting it into practice is challenging.
One of the most significant issues is the need for more knowledge and understand-
ing of how the CE operates. The development of the necessary infrastructure and
policies is slowed by the lack of experience, which prevents buy-in and support
from stakeholders (Fig. 16.1).

Moving from the current linear economy model, which is based on “take, make,
and dump,” to a CE model is challenging. Because the linear model has become so
ingrained in business procedures, we require significant systems, behavior, and
mindset adjustments. For instance, recycled materials might not be valued as highly
as new materials or might not be required to be used in products. The current prod-
uct manufacturing process also disregards end-of-life issues, which makes recycling

Linear Economy Model

Extraction of
Resources Distribute Waste

Produce Consume

Circular Economy Model

Recycling Sector

Fig. 16.1 The linear and circular economy model. (Source: Authors’ own work)
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and reuse challenging or even impossible [16]. Considerable changes are needed for
the entire product lifecycle to move toward circular product design. Due to the
absence of encouraging laws and regulations that support the adoption of CE, busi-
nesses find it challenging to defend the costs and investments necessary for adopting
CE practices. Circular practices are less appealing unless obvious financial benefits
exist because many businesses prioritize financial gains [1]. CE principles can be
promoted by implementing tax breaks, subsidies, and other financial incentives.

4.2 SME:s Significance to the Economy

SMEs play a crucial role in the economy by facilitating innovation, generating
employment prospects, and promoting economic expansion. SMEs play a signifi-
cant role in the global business landscape. They employ between 50% and 60% of
the workforce, a significant portion of the world’s population. The number of SMEs
is estimated to be around 42.50 million, with many of them (95%) being industrial
units [23]. These SMEs are a crucial source of employment, providing opportunities
for around 106 million individuals, constituting nearly 40% of the country’s
workforce.

Micro, small, and medium enterprises (MSME) comprise over 95% of industrial
establishments and significantly contribute to the country’s gross domestic product
(GDP) growth. The target set by India is to achieve a renewable energy capacity of
450 Gigawatts by the year 2030; as per a study conducted by the Reserve Bank of
India, the SME:s in India have provided employment opportunities to a staggering
number of 117 million individuals, with a notable 20% of the workforce being situ-
ated in rural regions [24]. Micro, small, and medium enterprises (MSMESs) have a
significant positive influence on India’s gross domestic product (GDP) and generate
a substantial number of employment opportunities, particularly in rural regions [23].
The Indian government has implemented various policies and programs to support
micro, small, and medium enterprises [24]. These initiatives facilitate entrepreneur-
ship, enhance skill development, and provide access to markets, technology, and
financial resources. The SMEs in India’s manufacturing and service sectors signifi-
cantly contribute to the gross domestic product (GDP), with the manufacturing sec-
tor accounting for roughly 6.11% and the service sector for roughly 24.6% [25].

4.3 Challenges and Opportunities for SMEs to Adopt
and Implement Circular Economy

SME:s frequently need help with the adoption and execution of CE practices. The
challenges encountered in adopting sustainable practices may arise from insuffi-
cient resources, financial limitations, inadequate understanding and awareness of
the CE principles, and the perceived intricacy of the transition process [16].
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Adopting a CE necessitates substantial modifications in commercial frameworks,
logistical networks, technological ailments, and functional procedures, presenting
challenges for SMEs with restricted resources and established conventions [5].
Moreover, SMEs may need help modifying their existing business models and sur-
mounting opposition to change from various stakeholders. Challenges in imple-
menting the CE differ between developed and developing countries due to unique
local conditions [26]. Factors influencing a country’s position and other challenges
can result in different barriers to development. While the CE offers multiple bene-
fits, including carbon emission reduction, efficient resource utilization, and
enhanced competitiveness of businesses, its implementation is not without difficul-
ties. Some perceive it as too complex or costly to adopt, impeding stakeholder buy-
in and hindering the establishment of necessary infrastructure and policies to
support circular practices [27]. Notwithstanding these obstacles, adopting CE can
provide many advantages to these enterprises.

Implementing CE practices has the potential to improve sustainability by
decreasing waste, optimizing the utilization of resources, and minimizing environ-
mental effects. In addition, incorporating CE principles can enhance customer
engagement and bolster organizational image, given the growing consumer prefer-
ence for environmentally responsible enterprises. Furthermore, it presents a pros-
pect for SMEs to expand their technical expertise and investigate inventive
approaches toward achieving resource efficiency. SMEs need access to educational
and awareness initiatives, monetary backing, capacity enhancement programs, and
customized counsel to assist them in navigating the complexities of executing CE
practices proficiently. Recent literature has highlighted numerous studies that have
explored the applications of CE. Examples of these studies encompass various sec-
tors such as supply chain [28], services [29], construction [2], and manufacturing [4].

4.4 Significance of Blockchain Adoption for SME Businesses

Utilizing BC technology presents a considerable opportunity for enterprises, afford-
ing them advantages such as heightened transparency, bolstered security, and
streamlined tracking functionalities [3]. Organizations have the potential to utilize
this technology to monitor transactions, reclaim and reintegrate underutilized items,
and enhance their sustainability initiatives [11]. The employment of BC technology
has been progressively on the rise in the manufacturing industry, specifically to
facilitate transparent transactions and advance sustainability efforts. The adoption
of BC technology by enterprises can facilitate the exploration of novel avenues for
enhancing operational efficacy, fostering trust, and promoting environmental sus-
tainability [16].

BC technology can benefit small- and medium-sized enterprises (SMEs), allow-
ing them to compete with larger organizations and improve efficiency. Several use
cases already exist for implementation exclusively by SMEs too. Here are some key
ways BC can be useful for SMEs.
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BC technology offers numerous benefits to small- and medium-sized enterprises
(SME?s) in the context of CE practices. It can revolutionize supply chain manage-
ment by enabling real-time tracking and tracing of goods, ensuring transparency,
accountability, and authenticity [20]. This is particularly valuable in industries such
as pharmaceuticals, luxury goods, and automobile parts, where product integrity is
crucial. The use of BC technology in supply chains can reduce the risk of counter-
feit goods, improve quality assurance, and facilitate easier recall processes [30]. It
provides SMEs with a reliable and efficient way to monitor inventory, streamline
logistics, and enhance overall supply chain operations [7].

The BC technology enhances various financial aspects for SMEs. It facilitates
the use of smart contracts, which are self-executing contracts with terms directly
written into lines of code. These contracts automatically enforce obligations and
agreements, reducing the need for intermediaries and saving time and money [31].
BC can also facilitate faster, cheaper, and more secure cross-border payments,
which is particularly advantageous for SMEs engaged in international business [3].
By leveraging BC for payments and transfers, SMEs can benefit from improved
cash flow, reduced transaction costs, and enhanced security. Additionally, BC can
serve as a secure and immutable record-keeping system for SMEs, enabling them to
maintain financial records, contracts, and other important documentation in a
tamper-proof and easily auditable manner. This helps prevent fraud, simplifies
auditing processes, and ensures data integrity for critical business information [20].

4.5 Challenges in the Adoption of Blockchain

There are problems with using BC technology in the CE. India needs to research
how BC and the CE fit together more than other countries. To solve these problems,
businesses and universities must collaborate and form partnerships with other com-
panies to look for opportunities and develop solutions. By working together, stake-
holders can promote CE practices, set up the necessary infrastructure, policies, and
incentives, and make it easier for people to start using circular practices [27].

Studying the current state of CE adoption in small industries in India will show
how they see things and give ideas on improving economic, environmental, and
social performance. These projects can turn waste into something useful and help
people learn more about using the CE [26]. Some companies have made significant
progress toward zero waste, leading others to do the same [32].

Putting BC technology into the CE can have a lot of benefits, such as making it
easier to track and see where things come from, speeding up transactions, and mak-
ing it easier for people to trust each other. But problems like technical complexity,
interoperability, scalability, data privacy, and regulatory frameworks need to be
fixed before the full potential of BC can be used in CE projects [33]. Collaboration,
thorough research, and a supportive ecosystem can pave the way for the successful
adoption of blockchain-based CE practices, making it easier to move toward a more
sustainable and efficient economic model [2].
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4.6 Use of Blockchain in SMEs to Improve the Adoption
of Circular Economy

The integration of BC technology offers a promising prospect for SMEs at the inter-
section of the CE. Integrating BC technology can allow MSME:s to improve transac-
tion monitoring, resource management, and supply chain transparency and
traceability [3]. The utilization of technology allows for the seamless tracking of
metrics and the tracing of customers, streamlining the process of recovering and
reintroducing surplus goods back into the market [34].

BC can make the supply chain more transparent by letting SMEs track where
materials come from, check certifications, and make sure they are ethically sourced.
BC also makes it possible to create digital records that can be used to prove the
origin and authenticity of a product. This gives customers a lot of information about
the materials used, the manufacturing process, and the product’s lifecycle [35]. BC
can also help keep track of and manage assets, making them more useful and mak-
ing it easier to use them again or fix them up [16]. It can also simplify waste man-
agement and recycling by making tracking and verifying waste streams easy.
Blockchain-based smart contracts can automate transactions like resource sharing,
renting, and material exchange [36]. On BC platforms, SMEs can connect through
collaborative networks and marketplaces, which helps build a CE ecosystem.

This makes it easier to adopt environmentally friendly practices and maximize
the use of resources. Developing interest and change acceptance among SMEs is
necessary to practically apply BC technology and CE principles. An open and
receptive cognitive mindset is necessary for exploring new opportunities and having
the flexibility to adapt and advance.

5 Discussion

The success of the CE heavily depends on collaboration and cooperation between
various groups. Businesses, consumers, governments, and other stakeholders must
collaborate to remove obstacles to adoption. To encourage the adoption of CE and
its principles, this collaboration entails the development of the necessary infrastruc-
ture, regulations, and incentives [36]. Studies on adopting CE practices in Indian
SME:s can provide information on the current state and potential advantages [11,
28]. Companies can improve their economic, environmental, and social perfor-
mance by changing how they view waste and recognizing its value. Achieving zero
waste and realizing the potential of CE can be accomplished by raising knowledge
levels and incorporating CE practices into business operations [15]. The CE is a
promising way to make SMEs more sustainable and self-renewing. Innovation is
also important, and many examples exist of companies creating new business mod-
els and technologies to support circularity. Governments can do much through pol-
icy and regulation to help the CE grow [11]. For example, the European Union has
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adopted a Circular Economy Action Plan [37], which includes steps to promote the
use of recycled materials, reduce waste, and encourage sustainable production and
consumption. It is also clearly understood that the policy implications need to be
revised and reimplemented through strict actions [38].

The study revealed that the public and officials involved in sustainable develop-
ment lack awareness and lagged in understanding the basic principles of the CE. This
needs to be addressed by the current researchers using a consultancy process, and
educating the prime members can show impacts on SMEs. There are several risks
associated with implementation in all sectors by the entire country [39].

Some of the barriers that companies lack in adoption are as follows: (a) capital is
the most influential roadblock [40]; (b) there is a massive gap in the supply and
demand network support [39]; (c) advanced technology is one of the constraints
associated with company’s capital [41]; and (d) the lack of cooperation from the
government and legislative councils on the policy revisions and implications [42].
Cost is one thing, but changing people’s mindsets is a challenge for implementing
the CE entirely. That is precisely what is required to transform CE from a concept
to a tangible reality for manufacturers and societies across the globe. BC technology
can significantly aid SMEs in adopting CE practices.

BC enables SMEs to track and verify their products’ origin, lifecycle, and sus-
tainability credentials by providing transparency, traceability, and accountability.
This ensures the ethical sourcing of materials, promotes resource efficiency, and
encourages reuse, refurbishment, and recycling [1]. In addition, BC enables secure
and efficient peer-to-peer transactions, encourages collaboration within CE net-
works, and streamlines processes such as supply chain management, waste manage-
ment, and energy trading. BC enables small enterprises to adopt CE principles,
reduce waste, improve sustainability, and contribute to a more circular and sustain-
able future [9]. This may enable SMEs to become more competitive, cost effective
in the long run, and improve their sustainability.

6 Conclusion

The effective implementation of the circular economy (CE) requires collaboration
among diverse stakeholders, including enterprises, consumers, governmental bod-
ies, and other relevant entities. By overcoming obstacles and fostering collabora-
tion, CE practices can be successfully adopted, leading to beneficial outcomes for
the economy, environment, and society. Research on CE adoption among small- and
medium-sized enterprises (SMEs) in India provides valuable insights. It emphasizes
the importance of raising awareness and changing mindsets. Addressing various
barriers, such as financial constraints, supply chain network inadequacies, techno-
logical limitations, and limited government collaboration, is crucial. In this context,
the utilization of blockchain technology holds promise for enhancing transparency
and efficiency in circular economy practices. By embracing circular economy prin-
ciples and leveraging technological advancements, SMEs have the potential to
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enhance their competitiveness, cost-efficiency, and sustainability, thus contributing
to the realization of a circular and sustainable future.
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