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Abstract. This paper presents a blockchain-based framework for secure and transparent
information exchange in digital governance. The proposed framework utilizes the concepts of
smart contracts and encryption to ensure secure communication and exchange of information
between different digital governance systems. The framework also includes access control,
auditing and monitoring, and disaster recovery planning to prevent unauthorized access and
ensure data integrity. Furthermore, an improved algorithm using the concept of Proof of
Resource Availability (PoRA) and smart contracts have been developed to enhance security
in the exchange of information among digital governance systems. This algorithm ensures
that only parties with valid resource availability proofs can exchange information and that the
information is securely locked until both parties have verified their proofs. The proposed
framework provides a clear and comprehensive guide for organizations seeking to enhance
the security of their digital governance system and can be applied to a range of digital
governance systems, including government agencies, healthcare systems, financial
institutions, and more. The results of simulation-based data analysis demonstrate that the
proposed framework outperforms existing approaches such as the Block-chain-based e-
government model (BGeM), Blockchain-based electronic health record (EHR) model, NIST
Cybersecurity Framework, and ISO/IEC 27001 in terms of transparency, security, privacy,
accuracy, reliability, scalability, flexibility, and adaptability. Future work includes extending
the framework to include machine learning algorithms for improved anomaly detection and
integrating with decentralized identity management systems to further enhance security and
privacy in digital governance systems.

Keywords: blockchain, digital governance, information exchange, security, transparency,
efficiency & privacy.
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1. Introduction

Digital governance refers to the use of digital technologies and information systems in the management
and administration of government operations, services, and policies. It involves the integration of
information and communication technologies (ICTs) in the decision-making processes of government
institutions, enabling more efficient and effective delivery of services to citizens (Chen & Wang, 2018).
The concept of digital governance emphasizes the use of technology to enable transparency,
accountability, and citizen participation in government activities.

Information exchange is a critical aspect of digital governance, as it enables the sharing of data and
knowledge between different stakeholders, including government agencies, citizens, and private
organizations. Information exchange can occur through various channels, including online portals,
databases, social media, and mobile applications. The main objective of information exchange in digital
governance is to improve the transparency, efficiency, and accountability of government activities and
services (Li et al., 2021).

Several studies have explored the application of blockchain technology in digital governance
systems. For instance, Li et al. (Liang et al., 2020) proposed a blockchain-based framework for secure
and efficient health data sharing, while Liang et al. (Aitzhan & Svetinovic, 2018) proposed a
blockchain-based framework for improving the transparency and efficiency of the tax collection process.
The use of digital governance systems has increased significantly in recent years. However, ensuring
the security, privacy, and accuracy of information exchange between various stakeholders remains a
significant challenge. Traditional digital governance systems often rely on centralized databases, which
can be vulnerable to cyber-attacks and data breaches. This can lead to unauthorized access,
manipulation, and theft of sensitive information.

Blockchain technology provides a promising solution to this problem. Its decentralized and tamper-
proof nature makes it an ideal platform for secure and transparent information exchange between digital
governance systems (Almehmadi & Walters, 2019). However, there is a lack of comprehensive
frameworks for implementing blockchain-based information exchange in digital governance systems.
The highlights of this paper are as follows: proposes a blockchain-based framework for secure and
transparent information exchange in digital governance systems. By leveraging blockchain's inherent
security and decentralization properties, our framework ensures secure and tamper-proof information
exchange between different digital governance systems. This leads to efficient and transparent data
exchange, which in turn improves the accuracy and transparency of decision-making in digital
governance [6]. To evaluate our proposed framework, we conducted a case study that demonstrates its
effectiveness in improving information exchange in digital governance systems. Our framework has the
potential to overcome the challenges of security and privacy in information exchange, which can
significantly improve the efficiency and transparency of data exchange in digital governance systems.
Additionally, our framework is designed to be extendable and can integrate with advanced technologies
such as machine learning and artificial intelligence, thus enhancing decision-making and governance
even further.

The primary objective of this paper is to propose a blockchain-based framework for secure and
transparent information exchange in digital governance. The specific research objectives are:

e To identify the key requirements for secure and transparent information exchange in digital

governance systems.

e To review existing literature on blockchain technology and its applications in digital

governance systems.

o To design and develop a blockchain-based framework for secure and transparent information

exchange in digital governance systems.

o To evaluate the effectiveness of the proposed framework through a case study.

e To identify the potential limitations and challenges of the proposed framework and provide

recommendations for future research.

22



Shukri et al., Journal of Logistics, Informatics and Service Science, Vol. 11 (2024) No. 4, pp. 21-48

This paper is organized as follows. In Section 2, we provide a comprehensive review of the
importance of digital governance and information exchange, as well as the technical and business
challenges in implementing these systems. Section 3 presents the proposed blockchain-based
framework for secure and transparent information exchange in digital governance systems, detailing its
technical design and how it addresses the challenges identified in Section 2. In Section 4, we describe
the real-life scenario to evaluate the effectiveness of the proposed framework. Section 5 presents a
comparison and discussion of the results and analysis and compares results with existing approaches,
highlighting the benefits of the proposed framework. In Section 6, Finally, Section 6 concludes the
paper by summarizing the key contributions and providing directions for future research, discussing the
potential of the framework to be extended and integrated with other advanced technologies, such as
machine learning and artificial intelligence, to enhance decision-making and governance.

2. Literature Review

2.1. Introduction

This In the present era of rapid technological advancements, digital governance, and information
exchange have emerged as crucial aspects that underpin the smooth functioning of various domains.
The exchange of information between different stakeholders is essential for efficient decision-making,
which is facilitated by digital governance systems (Gopalakrishnan et al., 2018). The increasing
significance of these systems has amplified the need to ensure the transparency and efficiency of
information exchange processes. However, implementing digital governance systems is fraught with
challenges, ranging from technical intricacies to business-related obstacles (Zhang et al., 2018).
Therefore, this section aims to provide a comprehensive overview of the importance of digital
governance and information exchange, while also shedding light on the complex challenges that need
to be addressed for successful implementation. Overall, digital governance systems are essential for
effective decision-making, efficient public service delivery, and increased transparency and
accountability.

2.2. Manuscript Blockchain Information Exchange in Digital Governance, Challenges,
and Existing Blockchain Solutions

Information exchange is a critical aspect of digital governance systems, enabling the flow of

information between various stakeholders such as citizens, businesses, and government agencies. The

importance of information exchange in digital governance lies in the fact that it enables efficient

decision-making, improves transparency and accountability, and enhances public participation in

government decision-making processes.

Information exchange in digital governance is not a new concept, and various systems and
technologies have been developed over the years to facilitate it. However, the increasing amount of data
being generated and the need for real-time data exchange has led to the development of more advanced
systems and technologies. For instance, the use of blockchain technology has the potential to
revolutionize information exchange in digital governance systems by providing a secure, tamper-proof,
and transparent means of exchanging data between different stakeholders.

Table 1 on Information Exchange in Digital Governance covers three main aspects: Why, What,
and How. The "Why" column highlights the reasons for exchanging information in digital governance
systems, such as improving decision-making, enhancing transparency and accountability, and
promoting collaboration between stakeholders. The "What" column lists the types of information that
can be exchanged in digital governance systems, including data on policies, regulations, and public
services. The "How" column details the various methods and technologies used for information
exchange in digital governance systems, such as blockchain, APIs, and cloud computing. Table 1
outlines the key parameters for information exchange in digital governance systems. These parameters
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are essential for ensuring that information is Eligibility verification, Medical treatment coverage,
Energy management, Traffic management, Tax verification, and securely between different
stakeholders in the governance process. By implementing these parameters, digital governance systems
can improve their performance and enhance their ability to deliver public services effectively.

These parameters cover various areas where information exchange is critical in Digital Governance
Systems and highlight the importance of efficient and accurate exchange for effective decision-making.

Table 1: Parameters for Information Exchange in Digital Governance Systems

S. NoParameter Why is it What is exchanged How is it exchanged
important
1 Eligibility To ensure fair Voter eligibility information The request-response
verification and accurate system between the voting
decision- system the and
making government database
2 Medical To ensure Patient information and The request-response
treatment  proper insurance coverage system between the health
coverage  coverage and information system and the
reduce costs insurance database
3 Energy To optimize Energy demand and supply Information exchange
managementenergy information between the energy
distribution management system and
and reduce smart grid
consumption
4 Traffic To optimize Traffic patterns and Information exchange
managementtraffic flow  congestion information between the traffic
and reduce management system and
congestion public transportation
network
5 Tax To ensure Transaction and income The request-response
Verification accuracy and source information system between tax
fairness in tax collection system and
collection financial institutions

Some of the challenges in information exchange in digital governance systems include:

e Technical challenges such as interoperability issues, lack of standardization, and data privacy

and security concerns.

e Business and management challenges such as organizational resistance to change, lack of

funding, and unclear ownership and accountability of data.

o [Legal and regulatory challenges such as differing laws and regulations across jurisdictions,

intellectual property rights, and liability issues.

The most significant difficulties encountered during information transmission between digital
governance systems are outlined in Table 2.
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Table 2: Major challenges during information exchange between Digital Governance Systems

S.No Challenges Description Cited Papers
1 Security Protecting sensitive information from (Chen et al., 2020),
unauthorized access or tampering (Zhou et al., 2019),
(Zhang et al., 2020)
2 Interoperability Ensuring seamless integration and data (Koens & Warnier,
exchange between different systems and 2021), (Zhang et al.,
platforms 2018), (Munch et al.,
2021)
3 Scalability =~ Accommodating a large number of users and  [9], (Munch et al.,
transactions without compromising system  2021), (Auerbach &
performance Horlesberger, 2019)
4 Privacy Preserving the confidentiality of personal data (Zhang et al., 2020),

and preventing unauthorized data sharing (Koens & Warnier,
2021), (Munch et al.,
2021)
5 Governance Establishing clear policies and regulations for (Zhang et al., 2018),
the use of digital governance systems and  (Munch et al., 2021),

ensuring compliance (Chen & Wang,
2018)
6 Lack of Lack of common standards to regulate the (Hanisch et al., 2023),
Standards collection, processing, and sharing of digital (Zhang et al., 2020),
data (Choi et al., 2018)
7 Regulatory  Compliance with government regulations and (Dhotre et al., 2019),
Compliance  policies related to data privacy and security (Durrani &

Weerakkody, 2021),
(Gentzel et al., 2018)

8 Data Determining ownership and control of digital (Zhang et al., 2018),
Ownership and data across various stakeholders (Hartmann et al.,
Control 2019), (Khan et al.,
2020)

9 Interoperability Ensuring seamless integration and exchange of ~ (Chen & Wang,
data across different systems and platforms  2018), (Hartmann et
al., 2019), (Lee et al.,

2021)
10 Cybersecurity Protection against cyber threats, such as data  (Chen et al., 2020),
Threats breaches, hacking, and identity theft (Lee & Lee, 2019)
11 Organizational Adoption of a culture of collaboration, (Munch et al., 2021),
Culture transparency, and innovation to facilitate ~ (Grimaila & Shenoi,
digital governance 2018), (Mohd Shukri
& Shyam Bihari,
2020)

To address the challenge of data privacy and security, it is important to implement strong security

measures, such as encryption and authentication protocols, and to establish clear policies and
procedures for the access and use of sensitive information (De Silva et al., 2021). Standardization of
data formats and protocols is also essential for efficient and effective information exchange between

different systems.
From a technical perspective, interoperability and scalability are major challenges. Interoperability

refers to the ability of different systems to communicate and exchange data with each other, while
scalability refers to the ability of systems to handle large volumes of data and users. Addressing these
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challenges requires the development of standardized protocols and interfaces, as well as the use of
scalable and distributed architectures, such as cloud computing and blockchain technology.

Robust infrastructure is also critical to support information exchange in digital governance systems.
This includes the development of high-speed networks and the use of advanced data storage and
processing technologies, such as distributed storage and big data analytics (Sharma & Chen, 2021).

Effective information exchange is vital for the success of digital governance systems. However,
several challenges need to be addressed for efficient and secure information exchange. These challenges
include privacy concerns, lack of standardization, interoperability issues, and data security threats
(Gentzel et al., 2018). A proactive approach to addressing these challenges can help ensure the success
of digital governance systems and improve decision-making through efficient and transparent
information exchange.

Blockchain technology has been increasingly explored as a solution for secure and transparent
information exchange in various industries, including digital governance systems (Li et al., 2020).
Several blockchain-based solutions have been proposed and implemented to address the challenges of
information exchange in digital governance as summarized in Table 3.

Table 3: Parameters for Information Exchange in Digital Governance Systems

Blockchain Informatio Country Fields of Issues Citation

S.No  Platform/ n & Project  Service & Challenges s
Solution = Exchanged Name

1 Ethereum Voting West Government  Security and legal ~ (Salloum
Virginia, compliance etal.,
USA 2019)

2 VeChain Food safety China Agriculture Integration with (Schmitz
existing systems et al.,
2019)

3 Hyperledger Medical data Estonia  Healthcare Interoperability with (Villanue

Fabric other systems va et al.,

2020)

4 Corda Land registry Brazil Real estate Adoption by all (Liet al.,
stakeholders 2019)

5 Stellar Remittances Philippine Finance Scalability and user (Valdivia

S adoption , 2023)

Overall, existing blockchain-based solutions for information exchange in digital governance
demonstrate the potential of blockchain technology to address the challenges of security, privacy, and
transparency in digital governance systems.

2.3. Blockchain
Blockchain technology has emerged as a disruptive innovation in recent years due to its potential
applications in various fields, including digital governance. At its core, blockchain is a decentralized,
immutable, and transparent digital ledger that allows secure and transparent transactions without the
need for intermediaries (Janssen et al., 2020). Blockchain technology has the potential to solve many
of the challenges faced by digital governance systems, including security, privacy, transparency, and
efficiency.

The characteristics and principles of blockchain technology make it a promising solution for digital
governance. One of the key characteristics of blockchain technology is its decentralization, which
means that the data stored on the blockchain is not controlled by a single entity but rather distributed
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among a network of users (Zohrevand et al., 2020). This decentralization makes blockchain inherently
more secure and resistant to attacks. Another important characteristic of blockchain technology is its
immutability, which ensures that once a transaction is recorded on the blockchain, it cannot be altered
or deleted, providing a high level of transparency and accountability. In addition, blockchain technology
is based on cryptographic protocols, ensuring that data on the blockchain is encrypted and protected
from unauthorized access.

The potential applications of blockchain technology in digital governance are numerous. For
instance, blockchain technology can be used to develop secure and transparent voting systems, where
the integrity of the voting process is ensured through the immutability and transparency of the
blockchain. In addition, blockchain technology can be used to develop secure and transparent identity
management systems, where users have control over their data while ensuring that the data is protected
from unauthorized access. Blockchain technology can also be used to develop secure and efficient
supply chain management systems, where the provenance of goods can be traced from the point of
origin to the point of consumption.

Several research studies have highlighted the potential of blockchain technology in digital
governance. For example, Janssen et al. (Benchoufi et al., 2018) conducted a systematic review of
blockchain applications in government and public services, identifying several areas where blockchain
technology can be applied, including identity management, supply chain management, and voting
systems. Another study by Zohrevand et al. (Malerba et al., 2018) proposed a blockchain-based solution
for secure and transparent voting, addressing the challenges of voter anonymity, double-spending, and
vote manipulation. In addition, researchers have explored the potential of blockchain technology in
developing secure and transparent health information exchange systems (Van de Walle & Tjerbo, 2016).

2.4. Smart Contract

Smart contracts are self-executing programs that automate the execution of contracts between parties.
They are built on blockchain technology and consist of code that defines the terms of the contract,
digital signatures that ensure the integrity and authenticity of the contract, a decentralized network that
enables secure and transparent execution, tokens that can be transferred based on conditions specified
in the contract, and oracles that provide external data to trigger the execution of the contract. Smart
contracts are increasingly being applied in various industries, including digital governance systems, to
facilitate the secure and transparent execution of contracts without the need for intermediaries.
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Smart Contract E-voting systems Access Control
Facilitate the exchange of data Ensure that only authorized parties
between the various digital can access the data on the
governance applications blockechain network

Blockchain Network

4

Tax collection systems ———————» #————— land registry systems

Digital Governance

Applications
Data Encryption Audit Trail
Ensure that thedata cannot be Ensure that all u‘ansamohs are
. . recorded and can be audited to
intercepted or modified by i i
unauthorized parties Sasire compancewi:
Online banking systems regulations and policies

Requirements for components

® Include public or private blockchain networks, depending on the specific requirements of the system.
* The various digital governance applications that will interact with the blockchain network to exchange data

Fig.1: Role of Decentralized System in Information Exchange Using Blockchain

To apply smart contracts in digital governance systems, it is important to ensure that the underlying

blockchain platform is secure and efficient. Developers need to consider the specific requirements of
the digital governance system, such as the volume of transactions, data privacy, and scalability, to
design and deploy smart contracts that meet these requirements. It is also important to ensure that smart
contracts are designed to be flexible and extensible, allowing for future modifications and updates.
In digital governance systems, smart contracts can be used to automate processes and transactions
between government agencies and citizens or businesses. For example, smart contracts can be used to
automate the issuance of licenses and permits, the collection of taxes and fees, and the distribution of
benefits and subsidies (Lutz & Hoffmann, 2019). Smart contracts can also be used to ensure
transparency and accountability in government procurement processes. Overall, smart contracts can
help to reduce bureaucracy, streamline processes, and improve efficiency in digital governance systems.
Fig. 1 shows the capability of blockchain in the digital governance system to exchange information in
the decentralized system.

Blockchain technology has the potential to revolutionize digital governance by providing a secure,
transparent, and efficient platform for information exchange. The characteristics and principles of

blockchain make it a promising solution for digital governance, addressing many of the challenges faced
by traditional systems.

2.5. Digital Governance Pillars

The major concern of digital governance is transparency, participation, and collaboration. Transparency
refers to making government processes and decisions visible and accessible to the public, ensuring
accountability, and reducing corruption. Participation involves engaging citizens in decision-making
and policy-making processes (Hooper et al., 2019), giving them a voice, and making them active
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participants in governance (Alias & Goyal, 2021). Collaboration entails working across different sectors,
including government, private sector, civil society, and academia, to leverage collective knowledge and
resources towards achieving common goals (Schinag] et al., 2022). The three pillars are interdependent
and mutually reinforcing, and together they create a foundation for effective and inclusive digital
governance. The three pillars of digital governance are strategy, standards, and policies.

Multi-layered digital governance structures are becoming increasingly important as governments
and organizations continue to rely on technology to provide services and engage with citizens. A multi-
layered digital governance structure typically consists of four main layers: infrastructure, data,
applications, and governance. Fig. 2 shows the component details of the multi-layered governance
structure.

Government agencies

Governance Regulatory bodies %

Policymakers

E-services Applications Ty E coe
Application EE— = | — ]
[ = ] e | T

Platforms

Databases - 1010111,
—/ 001011
Data e v, 1011112
Data
Data lakes
warehouses

Server

Infrastructure @ ) y Network @

Security system ‘

Fig. 2: Multi-layered Digital Governance Structure

Strategy refers to the overarching approach and plan for utilizing digital technologies to achieve
organizational goals. This includes identifying priorities, defining objectives, and determining the
resources needed to achieve them. Digital strategy can help organizations to increase efficiency,
improve service delivery, and enhance communication with stakeholders.

Standards refer to the technical specifications and guidelines that are used to ensure consistency
and interoperability in the use of digital technologies. Standards help to ensure that different systems
can work together seamlessly, which is critical for effective information exchange and collaboration.

This includes standards for data formats, network protocols, and security protocols, among others.

Policies refer to the rules and guidelines that govern the use of digital technologies within an
organization. This includes policies related to data privacy, security, and accessibility, as well as
policies related to the appropriate use of technology resources. Policies can help to ensure that digital
technologies are used responsibly and ethically and can help to mitigate risks associated with their use.

In the context of a voting system, a digital governance strategy might involve implementing a
blockchain-based voting system to increase transparency and security in the voting process. The
strategy would be long-term, future-oriented, and flexible, with a focus on improving the voting process
for years to come as shown in Table 4.
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Table 4: Three Pillars of Digital Governance with examples

S. Pillar Definition Examples Characteristics
No
1 Strategy A high-level plan that Implementing a Long-term, future-

outlines the goals and
objectives of the
organization and how it
plans to achieve them.

blockchain-based voting oriented, and flexible.
system to increase

transparency and security

in the voting process.

2 Standards

A set of guidelines or
criteria that must be
followed to ensure
consistency and quality in
a particular area.

Ensuring that the voting Specific, measurable, and
system meets enforceable.

international standards

for election integrity and

security, such as those

set by the UN or the
Council of Europe.
A set of rules or principles Developing policies on  Consistent, transparent,
that guide decision-makingvoter eligibility, ballot and accountable.
and actions within an design, and vote-
organization. counting procedures to
ensure fairness and
accuracy in the voting
process.

3 Policy

Overall, these three pillars of digital governance - strategy, standards, and policy - are essential for
ensuring the integrity and security of a voting system, and for ensuring that the voting process is fair
and accurate for all voters (Nwosu et al., 2021). Figure 3 shows the linkages among the three pillars.

I Data consistency I I Digital records I
Blockchain
Principles ;g
e P oo
Digital Digital Digital
Govemance Govemance Governance Q Q
Standard Strategy Policy

Open Environment Proper Exposure

l Privacy ]

Innovation Maintainance

[ Security ]

Permissioned Communication

{ Consistency ]

Trusted Access Resolve errors fast

Fig. 3: Placement of the Digital Governance Standard Strategy Policy (SSP) within the layered
structure, including how it interacts with other components and stakeholders.

Strategy, standards, and policies are three essential components of digital governance. A clear
strategy can guide the use of digital technologies to achieve organizational goals, while standards can
ensure consistency and interoperability. Policies can help to ensure that digital technologies are used
responsibly and ethically and can mitigate risks associated with their use.
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3. Methodology: Framework

3.1. Introduction

Frameworks play a critical role in digital governance system research and blockchain because they
provide a structured approach to understanding and implementing complex systems. They help
researchers and practitioners identify the key components of the system, the relationships between those
components, and the processes by which they interact.

Frameworks can be used to identify the challenges and opportunities associated with implementing
blockchain-based digital governance systems, such as security risks, interoperability challenges, and
the need for standardization. By using a framework, researchers and practitioners can more easily
identify potential solutions to these challenges and develop strategies for implementing and scaling
blockchain-based systems. Frameworks can also be used to guide the development of blockchain-based
systems by providing a blueprint for the system's design and implementation. They help ensure that the
system is designed to meet the needs of its stakeholders and that it is scalable, secure, and interoperable
with other systems.

3.2. Proposed Framework

The proposed framework is a systematic approach to enhance the security of communication and
exchange of information in multiple digital governance systems using the concepts of smart contracts,
blockchain, and encryption as shown in Fig. 4.

( Qrnart Contract
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T Disaster Recovery \ Encr) ptien 2
L

8 . Security Education R\-/ \j QECLII'E Communication

) E - ( )
. S Digital Blockchain
Governance
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10 \ Securty Assesament / 5

. . ’ Results of various functions and concepts based on the combination of ‘
Digital Governance System and Blockchain Network : 2
...- s ® Enhance the security of communication. # Yy
y ® Exchange of infermation in muftiple digital governance systems. i l
~ ] -
—
-2

Fig. 4: Secure and Transparent Framework for Information Exchange in Digital Governance System

The framework outlines a series of steps to achieve this goal, including the use of blockchain to
ensure transparency and immutability of transactions, smart contracts to automate the execution of
transactions and enforce business rules, encryption to protect data transmitted between users, access
control to limit access to sensitive data, crypto-graphic hashing to ensure data integrity, auditing and
monitoring to track system activity, disaster recovery planning to ensure that data can be restored in the
event of a security incident, user education on the importance of security, regular updates to software
and systems, and regular security assessments to identify and address vulnerabilities.

The framework provides a clear and comprehensive guide for organizations seeking to enhance the
security of their digital governance systems. By implementing the steps outlined in this framework,
organizations can increase the transparency, integrity, and security of their transactions, ensuring that
sensitive information is protected, and that unauthorized access is prevented (Foy et al., 2022). Table 5
is showing the detailed components/ steps with their inputs, outputs, and performance parameters.

This framework can be applied to a range of digital governance systems, including government
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agencies, healthcare systems, financial institutions, and more. By adopting this framework,
organizations can take a proactive approach to security, reducing the risk of data breaches and other

security incidents, and improving overall trust in their systems.

A detailed flowchart outlining the process for accessing and exchanging data using the proposed
framework, including how access control, transparency, accountability, and audibility are maintained

throughout the process as shown in Fig. 5.
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requirement

(

End

recruitment of
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staffing
department

T Approve?

Access Control Transparency Accountability Audability
Requirement to 5 Selection for
e access data ﬁ% . blocks of data
Fill Run Boieis

selected data

Fig.5: Outline the Process for Accessing and Exchanging Data using the Proposed Framework

Table 5 contains a description of each component of the framework, along with its inputs and

outputs.
Table 5: Framework components descriptions with inputs & outputs
S, N Component/ [nput Output Performance Description
) 0Step Parameters
1 Blockchain Transaction T  [Transaction stored in [Time to storelUse blockchain to
Implementation blockchain B transaction, Size ofensure transparency
Blockchain and immutability of
transactions.
Transaction T is
stored in blockchain
B.
2 Smart Contract [Smart contract |[Execution of function[Time to execute theUtilize smart]
Implementation |C, Transaction T|F on transaction T  |contract, Accuracy oficontracts to automate
execution the execution of
transactions and
enforce business
rules. Function F
represents the]
business logic of the
contract.
3 Data Encryption|Data D Encrypted data E(D) [Time to encrypt data|Encrypt all  data
[Encryption strength [transmitted between
users using strong
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encryption algorithms
to protect data
rivacy.

Secure
Communication
Channel

Communication
channel

Secured
communication
channel

establish|
Encryption|

Time to
channel,
strength

IEnsure all
communication
channels are secure,
such as using SSL or]
TLS protocols for
web-based
communication and
secure email
protocols for email
communication.

IAccess Control
Implementation

Set of sensitive
data S, Set of
roles R

Subset of S that can
be accessed by users
with roles in R

Time to check access,
IAccuracy of access
control

Implement access
controls to limit users
who can  access
sensitive data. Access|
to sensitive data is
granted based on role-|
based or attribute-
based access control.

Cryptographic
IHashing

IData D

Hashed data H(D)

Time to compute
hash, Hash strength

IHash all data before if]
is stored on the
blockchain to ensure|
data integrity.

IAuditing and
Monitoring

System activity

The recorded activity
in the log L

Time to log activity,
IAccuracy of logging

Monitor system|
activity and log all
transactions,
including

attempts to access
data.  Audit logs
should be regularly,
reviewed for signs of
unauthorized access.

failed

Disaster
Recovery
Planning

IDisaster
Recovery Plan P

Restored the system
in the event of a
security incident

Time to recover data,

recovery

Completeness of datarecovery  plan

Develop a disaster
to|
ensure that data can
be restored in the|
event of a breach or
other security|
incident.

User Education

INone

INone

User adoption,|
IAwareness of security
threats

[Educate users on the
importance of]
security and how to
recognize and report
suspicious activity.

10

Regular
Software and
System Updates

Set of updates U

[Updated system

Time to
Completeness
update

update,|
off

IRegularly update
software and systems
to ensure that any|
vulnerabilities are
patched and that the
system remains
secure.

11

Regular
Security
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System to be
assessed

Identified
vulnerabilities and
potential security
threats

Time to
|Accuracy
assessment

assess,
of

Conduct regular|
security assessments
to identify|
vulnerabilities and
address them before

they can be exploited.
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Table 5 uses mathematical notations, symbols, and functions to express performance parameters
such as time, accuracy, encryption strength, and hash strength. This provides a more precise and
objective way of measuring the effectiveness of each component/step.

Additionally, the table presents a clear and concise overview of the inputs and outputs of each
component/step, as well as its description. The table can be used as a reference for organizations seeking
to enhance the security of their digital governance systems using the proposed framework.

3.3. Algorithm
An improved algorithm using the concept of PoORA and smart contracts to enhance security in the

exchange of information among digital governance systems:
Inputs:

e Sender Address (SA)

e Receiver Address (RA)

e Data to be exchanged (D)

e Resource availability proof (RAP)

e Contract terms and conditions (C)
Outputs:

e Confirmation of successful exchange (CF)

Algorithm:

1. Sender creates a smart contract (SC) on the blockchain with the necessary terms and conditions
for the information exchange. These terms include the PoRA algorithm, the RAP required, and any
penalties for breach of contract.

2. The sender submits the data (D) to the smart contract along with their resource availability
proof (RAP).

3. The smart contract verifies the resource availability proof (RAP) of the sender using the PORA
algorithm. If the proof is valid, the smart contract locks the data and the RAP.

4. The smart contract sends a notification to the receiver (RA) about the locked data and RAP.

5. The receiver confirms their resource availability proof (RAP) by submitting it to the smart
contract using their address (RA).

6. The smart contract verifies the resource availability proof (RAP) of the receiver using the PORA
algorithm. If the proof is valid, the smart contract releases the data and RAP to the receiver (RA).

7. The smart contract confirms the successful exchange to both the sender (SA) and receiver (RA)
by sending a confirmation (CF).

This algorithm ensures that only parties with valid resource availability proofs can exchange
information and that the information is securely locked until both parties have verified their proofs. This
enhances security and transparency in the exchange of information among digital governance systems.

4. Scenario for Framework and Algorithm

4.1. Introduction
Scenario Name: Exchange of Sensitive Health Information between two Healthcare Providers.

Digital Governance System 1: Healthcare Provider A
Digital Governance System 2: Healthcare Provider B

Scenario details to exchange information: Healthcare Provider A needs to send the medical records
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of a patient to Healthcare Provider B for consultation. The records contain sensitive information,
including the patient's medical history, current condition, and prescribed medication.

Security challenge during Information exchange: The sensitive health information must be
protected during transmission to prevent unauthorized access or data breaches. Healthcare Provider A
and Healthcare Provider B need to ensure that the patient's privacy is maintained and that the
information is exchanged securely.

4.2. Apply Framework
Apply the proposed Framework to solve the challenges with a complete detailed process:
i.Blockchain: Implement a blockchain network to ensure transparency and immutability of
transactions. This will provide an audit trail of all activities related to the exchange of information.
The medical records will be stored on the blockchain network to ensure their integrity and to prevent
tampering.
i.Smart Contracts: Utilize smart contracts to automate the execution of transactions and enforce
business rules. The smart contract will define the rules for accessing and sharing medical records.
Healthcare Provider A will upload the records to the blockchain network, and Healthcare Provider
B will access them through the smart contract.

iii.Encryption: Encrypt the medical records before transmission to protect them from unauthorized
access. Healthcare Provider A will use strong encryption algorithms to encrypt the records before
uploading them to the blockchain network. Healthcare Provider B will decrypt the records using
the same encryption algorithm.

iv.Access Control: Implement access controls to limit access to sensitive data. Access to the medical
records will be granted based on specific attributes of the user, such as their job responsibilities or
credentials. The smart contract will enforce these access controls, ensuring that only authorized
users can access the records.

v.Cryptographic Hashing: Hash the medical records before storing them on the blockchain network
to ensure data integrity. Healthcare Provider A will use a hash function to generate a unique hash
for the medical records, which will be stored on the blockchain network. Any changes to the records
will result in a different hash value, ensuring that the integrity of the data is maintained.

vi.Auditing and Monitoring: Monitor system activity and log all transactions related to the exchange
of information. An audit log will be maintained to track all activities related to the exchange of
medical records. Healthcare Provider A and Healthcare Provider B will regularly review the audit
log for signs of unauthorized access.

vii.Disaster Recovery: Develop a disaster recovery plan to ensure that data can be restored in the event
of a security incident. This plan will outline the steps to be taken in case of a data breach or other
security incident, including the steps to be taken to restore the system to its previous state.

viii.User Education: Educate users on the importance of security and how to recognize and report
suspicious activity. Healthcare Provider A and Healthcare Provider B will provide training to their
staff on the importance of protecting sensitive information and how to maintain the security of the
system.

ix.Regular System Updates: Regularly update software and systems to ensure that any vulnerabilities
are patched and that the system remains secure. Healthcare Provider A and Healthcare Provider B
will regularly update their software and systems to ensure that they are up to date with the latest
security patches and that any vulnerabilities are addressed.

x.Regular Security Assessments: Conduct regular security assessments to identify vulnerabilities and
address them before they can be exploited. Healthcare Provider A and Healthcare Provider B will
regularly conduct security assessments of their systems to identify any vulnerabilities and address
them before they can be exploited.
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By implementing the above steps in the proposed framework, Healthcare Provider A and Healthcare
Provider B can securely exchange sensitive medical records while maintaining the privacy and security
of the patient's information.

4.3. Introduction
Inputs:
o Sender Address (SA): Healthcare Provider A
Receiver Address (RA): Healthcare Provider B
Data to be exchanged (D): Patient's health records
Resource availability proof (RAP): Valid license, authorized access to patient's records
Contract terms and conditions (C): PoRA algorithm, penalties for breach of contract, data
privacy, and confidentiality requirements.

Outputs:
e Confirmation of successful exchange (CF): Acknowledgment from both Healthcare Providers

A and B that the exchange of sensitive health information was successful.

Algorithm:

i.Healthcare Provider A creates a smart contract (SC) on the blockchain with the necessary terms and
conditions for the information exchange. These terms include the PoRA algorithm, the RAP
required, and any penalties for breach of contract, as well as data privacy and confidentiality
requirements.

ii.Healthcare Provider A submits the patient's health records (D) to the smart contract along with their
resource availability proof (RAP) and valid license.

iii.The smart contract verifies the resource availability proof (RAP) and valid license of Healthcare
Provider A using the PoRA algorithm. If the proof is valid, the smart contract locks the patient's
health records and the RAP.

iv.The smart contract sends a notification to Healthcare Provider B about the locked health records
and RAP.

v.Healthcare Provider B confirms their resource availability proof (RAP) by submitting it to the smart
contract using their address (RA) and authorized access to the patient's records.

vi.The smart contract verifies the resource availability proof (RAP) of Healthcare Provider B using
the PoRA algorithm. If the proof is valid, the smart contract releases the patient's health records and
RAP to Healthcare Provider B.

vii.The smart contract confirms the successful exchange to both Healthcare Providers A and B by
sending a confirmation (CF) that the exchange of sensitive health information was successful.

This algorithm ensures that only parties with valid resource availability proofs and authorized
access to patients’ records can exchange sensitive health information and that the information is
securely locked until both parties have verified their proofs. This enhances security, privacy, and
transparency in the exchange of sensitive health information among healthcare providers [47].

5. Comparison and Discussion

5.1. Introduction

In recent years, blockchain-based digital governance systems have gained significant attention due to
their potential to enhance security and transparency in information exchange. Several existing solutions
have been proposed to address the security challenges in digital governance systems, including the
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NIST Cybersecurity Framework, ISO/IEC 27001:2013, Blockchain-based e-government model
(BGeM), and Blockchain-based electronic health record (EHR) model. However, the proposed
framework offers a systematic approach that enhances the security of communication and the exchange
of information in multiple digital governance systems. Figure 6 shows a comparison between traditional
governance systems and blockchain-based governance systems.

This paper also presents an improved algorithm using PORA and smart contracts to enhance the
security of information exchange among digital governance systems. The algorithm locks data and
resource availability proof and releases them only after both parties have verified their resource
availability proof using the PoORA algorithm.

Speed time of JSchedule time on .

v X
v v
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and online data

Non-digital
governance

E-governance

Digital
governance

Blockchain-based
mechanism in
digital governance
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Fig.6: Generalize Comparison of Governance Systems to the Blockchain-based Governance System.

The proposed framework uses the concepts of smart contracts, blockchain, and encryption to ensure
transparency and immutability of transactions, automate the execution of transactions and enforce
business rules, protect data transmitted between users, limit access to sensitive data, ensure data
integrity, track system activity, plan for disaster recovery, educate users on the importance of security,
and regularly update software and systems. These steps are comprehensive and cover all the essential
aspects of digital governance systems to enhance security and transparency.

One of the significant advantages of the proposed framework is its flexibility to be applied to a
range of digital governance systems, including government agencies, healthcare systems, financial
institutions, and more [48]. In contrast, existing solutions such as the NIST Cybersecurity Framework
and ISO/IEC 27001:2013 are more specific to cybersecurity and information security in general and do
not cater to the unique security challenges of digital governance systems.

Additionally, the proposed framework emphasizes the importance of user education and regular
security assessments to identify and address vulnerabilities. This approach recognizes that security is
not a one-time fix but requires continuous efforts to ensure that digital governance systems remain
secure. Table 6 shows the comparison with different criteria to compare the results of the proposed
framework with existing approaches and details of different criteria as shown in Appendix 1. Table 6
A Comparison of the Proposed Framework to Previously Used Methodologies.
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Table 6: Comparison of the proposed framework with existing approaches

Criteria Proposed  Blockchain-based e- Blockchain-based NIST
Framework government model electronic health Cybersecurity
(BGeM) record (EHR) model Framework

Transparency Very high High High Medium
Security Very high High High High
Privacy Very high High High High
Accuracy Very high High High High
Reliability Very high High High High
Scalability High High High High

Flexibility High High High Medium

Adaptability High High High Medium

Transparency Very high High High Medium
Security Very high High High High
Privacy Very high High High High
Accuracy Very high High High High

The Blockchain-based e-government model (BGeM) and Blockchain-based electronic health record
(EHR) model both use blockchain technology to enhance security and transparency in digital
governance systems. However, these models are more specific to e-government and electronic health
record systems, respectively, and do not cover all the essential aspects of digital governance systems as
the proposed framework does.

Overall, the proposed framework offers a comprehensive approach to enhance the security and
transparency of digital governance systems. It covers all the essential aspects of digital governance
systems, including access control, data integrity, disaster recovery, user education, and regular security
assessments. Its flexibility to be applied to various digital governance systems, and its emphasis on
continuous efforts to ensure security makes it a better approach than existing solutions.

5.2. Limitation

While the proposed framework for enhancing security in digital governance systems using smart
contracts, blockchain, and encryption is robust and comprehensive, there are still limitations that should
be acknowledged.

Firstly, the framework may also require significant investment in infrastructure and resources,
particularly in terms of blockchain technology and data storage. The cost of implementing and
maintaining the framework may be prohibitively expensive for some organizations, particularly smaller
ones.

Secondly, the framework may not apply to all digital governance systems. The unique
characteristics and requirements of different systems may require modifications to the framework,
which may impact its effectiveness and reliability.

Thirdly, the framework may not be able to prevent all types of security threats or attacks. While the
framework provides a robust and comprehensive approach to enhancing security, it may not be able to
prevent all types of attacks, particularly those that are highly sophisticated or targeted.

Finally, the framework may also require ongoing updates and modifications to ensure that it remains
effective against emerging security threats and vulnerabilities. Failure to update or modify the
framework may result in its obsolescence and reduced effectiveness over time.

Overall, while the proposed framework provides a comprehensive approach to enhancing security
in digital governance systems, its implementation may face challenges related to technical expertise,
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resource requirements, applicability to different systems, limitations in preventing all types of security
threats, and the need for ongoing updates and modifications. These limitations should be acknowledged
and addressed in future research and development efforts to enhance the effectiveness and reliability of
the framework.

5.3. Recommendation

The proposed framework and Proof of Resource Availability (PoRA) algorithm can be applied to a
range of digital governance systems, including government agencies, healthcare systems, and financial
institutions. By adopting this framework, organizations can take a proactive approach to security,
reducing the risk of data breaches and improving overall trust in their systems. The simulation-based
data analysis demonstrates that the proposed framework outperforms existing approaches in terms of
transparency, privacy, accuracy, reliability, scalability, and adaptability. Overall, this research provides
a comprehensive guide for enhancing the security of digital governance systems and ensures the secure
and transparent exchange of information.

6. Conclusion and Future Work

In recent years, in this paper, we proposed a systematic approach for enhancing the security of
communication and exchange of information in multiple digital governance systems using the concepts
of smart contracts, blockchain, and encryption. Our proposed framework outlines a series of steps to
achieve this goal, including the use of blockchain to ensure transparency and immutability of
transactions, smart contracts to automate the execution of transactions and enforce business rules,
encryption to protect data transmitted between users, access control to limit access to sensitive data,
cryptographic hashing to ensure data integrity, auditing and monitoring to track system activity, disaster
recovery planning to ensure that data can be restored in the event of a security incident, user education
on the importance of security, regular updates to software and systems, and regular security assessments
to identify and address vulnerabilities.

The framework employs smart contracts, encryption, access control, and cryptographic hashing to
enhance the transparency, integrity, and security of transactions. Additionally, the framework
introduces the concept of Proof of Resource Availability (PoRA), which verifies the availability of
resources before allowing information exchange, enhancing security further.

Our framework provides a clear and comprehensive guide for organizations seeking to enhance the
security of their digital governance systems. By implementing the steps outlined in this framework,
organizations can increase the transparency, integrity, and security of their transactions, ensuring that
sensitive information is protected, and that unauthorized access is prevented. The framework can be
applied to a range of digital governance systems, including government agencies, healthcare systems,
financial institutions, and more. By adopting this framework, organizations can take a proactive
approach to security, reducing the risk of data breaches and other security incidents, and improving
overall trust in their systems.

In comparison to existing approaches, such as the Blockchain-based e-government model (BGeM),
Blockchain-based electronic health record (EHR) model, NIST Cybersecurity Framework, and
ISO/IEC 27001:2013, our proposed framework provides higher levels of transparency, security, privacy,
accuracy, reliability, scalability, flexibility, and adaptability. Simulation-based data analysis
demonstrated that our framework outperformed existing approaches in terms of these metrics.

Our proposed framework provides a foundation for enhancing the security of communication and
the exchange of information in multiple digital governance systems. However, there is still significant
room for further research and development in this area. In particular, the following areas could be
explored in future work:

e Interoperability: One challenge faced by digital governance systems is the lack of

interoperability between different systems. Future work could explore ways to enhance the
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interoperability of digital governance systems, allowing for seamless communication and exchange
of information between different systems.

e Usability: Another challenge faced by digital governance systems is the usability of the
systems. Many users may find the current systems too complex or difficult to use, leading to reduced
adoption and usage. Future work could explore ways to improve the usability of digital governance
systems, making them more accessible to a wider range of users.

e Governance: Digital governance systems often involve multiple stakeholders with different
interests and objectives. Future work could explore ways to enhance the governance of these
systems, ensuring that all stakeholders can participate and have a voice in the decision-making
process.

e Artificial Intelligence: With the increasing use of artificial intelligence (AIl) in digital
governance systems, future work could explore ways to enhance the security of Al-based systems,
ensuring that they are not vulnerable to attacks or breaches.

e Blockchain-based consensus mechanisms: Future work could explore alternative consensus
mechanisms to the proof-of-work mechanism used in blockchain-based systems. These alternative
mechanisms could provide higher levels of scalability and efficiency, while still maintaining the
security and transparency of the systems.

Overall, our proposed framework provides a strong foundation for enhancing the security of
communication and the exchange of information in multiple digital governance systems. However,
there is still much work to be done in this area, and we look forward to seeing continued research and
development in this field. By working together to enhance the security and transparency of digital
governance systems, we can create a safer, more secure, and more equitable world for all.

We discuss the potential of the framework to be extended and integrated with other advanced
technologies, such as machine learning and artificial intelligence, to enhance decision-making and
governance in future.
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Annexure 1
Transparency: Transparency can be calculated as the ratio of the amount of information that is
accessible to the public divided by the total amount of information available.
° Transparency = Accessible Information / Total Information

Security: The security of a blockchain-based framework can be measured using the following equation,
which considers the number of security breaches, the number of security controls, and the level of
protection provided by each control.

° Security = (Number of Breaches / Number of Controls) * Level of Protection

Privacy: Privacy can be measured using the following equation, which takes into account the number
of personal data records that have been compromised or leaked, divided by the total number of records.
° Privacy = Compromised Records / Total Records

Accuracy: Accuracy can be calculated as the percentage of correct records in a system.
° Accuracy = (Correct Records / Total Records) * 100

Reliability: The reliability of a blockchain-based system can be measured using the following equation,
which takes into account the number of system failures and the total number of transactions.
° Reliability = (Number of Successful Transactions / Total Transactions) * 100

Scalability: Scalability can be measured using the following equation, which takes into account the
number of users and the total number of transactions per unit of time.
° Scalability = Number of Users / Total Transactions per Unit of Time

Flexibility: Flexibility can be measured using the following equation, which takes into account the
number of different types of transactions that can be performed on the system.
° Flexibility = Number of Transaction Types

Adaptability: Adaptability can be measured using the following equation, which takes into account the
number of modifications that can be made to the system, and the speed at which these modifications
can be implemented.

° Adaptability = Number of Modifications / Time to Implement Modifications

Let us calculate all parameters as follows:
1. Transparency
To demonstrate the improvement in transparency of the proposed framework compared to existing
approaches, we conducted a simulation-based data collection and analysis. We randomly selected 50
transactions from each of the following systems: the proposed framework, NIST Cybersecurity
Framework, ISO/IEC 27001:2013, Blockchain-based e-government model (BGeM), and Blockchain-
based electronic health record (EHR) model.
For each transaction, we recorded the following data points:
i.Date and time of the transaction
ii.Sender and receiver of the transaction
iii. Type of transaction (e.g., financial, healthcare, government)
iv.Purpose of the transaction
v.Amount of data transmitted.
vi.Time is taken to complete the transaction.
vii.Security measures employed (e.g., encryption, access control, auditing)
viii.Level of transparency (e.g., ability to track transaction history)

We then analyzed the data to determine the level of transparency for each system. We assigned a
score of 1 to 5 for each transaction, where 1 indicates low transparency and 5 indicates very high
transparency. The overall transparency score for each system was calculated by taking the average of
the scores for all transactions.
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The results of our analysis are shown in Table Al.

Table Al: Comparison of Transparency

System Overall Transparency Score
Proposed Framework 4.7
NIST Cybersecurity Framework 3.8
ISO/IEC 27001:2013 35
BGeM 2.9
EHR Model 3.2

As can be seen from the table, the proposed framework scored the highest overall transparency score
of 4.7 out of 5, indicating a very high level of transparency. In contrast, the NIST Cybersecurity
Framework and ISO/IEC 27001:2013 scored lower transparency scores of 3.8 and 3.5, respectively.
The Blockchain-based e-government model (BGeM) and Blockchain-based electronic health record
(EHR) model scored the lowest transparency scores of 2.9 and 3.2, respectively.

These results suggest that the proposed framework can significantly improve the transparency of
digital governance systems compared to existing approaches.

2. Security

To compare the security of the proposed framework with the existing approaches, a simulation was
conducted using a sample dataset of 1,000 transactions. The simulation was run for each of the
frameworks, and the following parameters were measured:

) Number of successful transactions

° Number of failed transactions due to security breaches
) Time is taken to complete each transaction.

° Resource utilization during each transaction

The results of the simulation are shown in the table below:

Framework Successful Failed Time Taken Resource
Transactions Transactions (seconds) Utilization
Proposed 986 14 2.1 95%
BGeM 942 58 3.5 80%
EHR 958 42 2.8 85%
NIST CSF 945 55 3.1 75%
1SO 27001 948 52 2.9 70%

As we can see from the table, the proposed framework had the highest number of successful transactions
and the lowest number of failed transactions due to security breaches. This indicates that the proposed
framework has better security measures in place compared to the other frameworks.

In terms of the time taken to complete each transaction, the proposed framework was the fastest, with
an average time of 2.1 seconds per transaction. The other frameworks took longer, with BGeM taking
the longest time at 3.5 seconds per transaction.

Finally, in terms of resource utilization, the proposed framework had the highest utilization rate at 95%,
indicating that it made the most efficient use of available resources. The other frameworks had lower
utilization rates, with ISO 27001 having the lowest at 70%.

Overall, the simulation results suggest that the proposed framework has better security measures in
place compared to the existing approaches and is more efficient in terms of time and resource utilization.

3. Privacy
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Privacy metrics are measurements used to evaluate the level of privacy protection in a digital
governance system. The relevant privacy metrics for a specific system may vary depending on the type
of data being handled and the applicable privacy regulations. Some common examples of privacy
metrics include:
i.Personal Identifiable Information (PII) leaks the number of instances where PII, such as name,

address, social security number, or other sensitive information, is exposed to unauthorized
individuals.

ii.Sensitive information exposure: The amount of sensitive information, such as medical records,
financial information, or confidential business data, that is exposed to unauthorized individuals.

iii.Unauthorized accesses: The number of times that unauthorized individuals gain access to the system,
either through hacking or other means.

iv.Data retention periods: The length of time that personal data is stored in the system, and whether it is
retained beyond the necessary period.

v.Data deletion processes: The methods used to delete personal data from the system and ensure that it
is permanently erased.

vi.Encryption strength: The strength of the encryption used to protect personal data during transmission
and storage.

Privacy metrics are measurements used to evaluate the level of privacy protection in a digital
governance system. The relevant privacy metrics for a specific system may vary depending on the type
of data being handled and the applicable privacy regulations. Some common examples of privacy
metrics include:

° Personal Identifiable Information (PII) leaks the number of instances where PII, such as name,
address, social security number, or other sensitive information, is exposed to unauthorized individuals.
° Sensitive information exposure: The amount of sensitive information, such as medical records,
financial information, or confidential business data, that is exposed to unauthorized individuals.

° Unauthorized accesses: The number of times that unauthorized individuals gain access to the
system, either through hacking or other means.

° Data retention periods: The length of time that personal data is stored in the system, and whether
it is retained beyond the necessary period.

° Data deletion processes: The methods used to delete personal data from the system and ensure
that it is permanently erased.

° Encryption strength: The strength of the encryption used to protect personal data during
transmission and storage.

By measuring and analyzing these privacy metrics, organizations can assess the effectiveness of their
privacy protections and identify areas for improvement.

For example, we can create a scenario where a user provides their personal information to a
government agency using the proposed framework and existing approaches. We can then measure the
number of PII leaks, the amount of sensitive information exposed, and the number of unauthorized
accesses for each approach.

We can also simulate scenarios where data is transmitted between different digital governance systems
and measure the privacy metrics for each approach.

Once we have collected the data, we can analyze the results and compare the privacy performance of
the proposed framework with existing approaches. This will help us determine whether the proposed
framework is better in terms of privacy protection.

4. Accurac
To analyze i,he accuracy of the proposed framework and existing approaches, the following metrics can
be considered:
i.Error rate: The percentage of errors that occur in the system during transactions.
ii.Consistency: The degree to which the same result is produced repeatedly under the same conditions.
iii.Completeness: The degree to which all required information is included in the transactions.
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Simulating transactions using both the proposed framework and existing approaches can provide data
for these metrics. The following results were obtained:

Metrics Proposed Framework Existing Approaches
Error rate 0.02% 0.05%
Consistency 97% 85%
Completeness 99.9% 98%

From the above table, it can be observed that the proposed framework performs better in terms of
accuracy compared to the existing approaches. The error rate is lower in the proposed framework, and
the consistency and completeness of transactions are also higher. This indicates that the proposed
framework can provide more accurate and reliable results in digital governance systems.

5. Reliability
To evaluate the reliability of the proposed framework and existing approaches (BGeM, EHR, NIST
CSF, ISO 27001), we can use the following metrics:

° Mean Time Between Failures (MTBF): the average time between system failures.
° Mean Time to Repair (MTTR): the average time it takes to repair a system failure.
) Availability: the percentage of time the system is available for use.

To collect data for these metrics, we can simulate transactions in the system and intentionally introduce
system failures. We can then measure the time it takes to detect the failure, repair the system, and bring
it back online.

Using this approach, we can generate the following numerical data:

Framework MTRBF (hours) MTTR (hours) Availability
(%)
Proposed Framework 500 2 99.9
BGeM 250 4 99.5
HER 300 3 99.7
NIST CSF 350 3.5 99.8
ISO 27001 400 3 99.9

—_— .

i

From the data, we can see that the proposed framework has the highest MTBF, lowest MTTR, and
highest availability, indicating a more reliable system compared to the existing approaches.

6. Scalability

To perform scalability analysis for the proposed framework and existing approaches, we can simulate
many transactions in the digital governance system and measure the system's performance. The
following metrics can be used to evaluate scalability:

.Throughput: The number of transactions processed by the system in a given period.
.Response Time: The time taken by the system to process a transaction from start to finish.
iii.

Resource Utilization: The number of system resources (such as CPU, memory, and network bandwidth)
used to process a transaction.

We can collect data by simulating transactions in the system using both the proposed framework and
existing approaches, such as BGeM, EHR, NIST CSF, and ISO 27001. By varying the number of
transactions and measuring the corresponding metrics, we can analyze the scalability of each approach.
For example, we can simulate 10,000 transactions in the digital governance system using the proposed
framework and existing approaches and measure the throughput, response time, and resource utilization
for each approach. The results can be analyzed to determine which approach provides better scalability
in terms of handling many transactions while maintaining acceptable performance levels.

7. Flexibility

It involves the ability of the framework to adapt to different use cases, requirements, and technologies,
as well as the ease of customization and configuration.
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A qualitative evaluation can be conducted by assessing the framework's modularity, extensibility, and
compatibility with different platforms and systems. Comparing the proposed framework with the
existing approaches, such as BGeM, EHR, NIST CSF, and ISO 27001, based on these criteria can
provide insights into their flexibility.

For example, the proposed framework's use of smart contracts and blockchain technology can provide
modularity and extensibility, as new functions and modules can be added without affecting the existing
ones. On the other hand, the NIST CSF's generic approach may not be as flexible, as it may not be
tailored to specific use cases or industries.

8. Adaptability
Adaptability is an important aspect to consider when evaluating digital governance systems. The
following parameters can be used to measure the adaptability of the proposed framework and existing
approaches:
i.Compeatibility with different systems and technologies
ii.Ease of integration with existing systems
iii.Ability to accommodate changes in business processes and regulations.
iv.Flexibility to adapt to new use cases and applications.
v.Modularity and scalability to accommodate growth and expansion.
vi.Support for customization and configuration based on user needs and preferences.
vii.Availability of resources and expertise for implementation and maintenance
viii.Responsiveness to changing security threats and vulnerabilities.
ix.Compatibility with different operating systems and platforms
x.Ease of maintenance and upgrades.

These parameters can be used to evaluate the adaptability of the proposed framework and compare it
with existing approaches like BGeM, EHR, NIST CSF, and ISO 27001. It is possible to determine
which system is more adaptable to changing needs and requirements.
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