
1  

 

 

CONTEMPORARY JOURNAL OF SOCIAL SCIENCE REVIEW 

 

Vol.03 No.03 (2025) 

CYBER SOVEREIGNTY CHALLENGES: A STRATEGIC FRAMEWORK FOR NATIONAL 

DATA PROTECTION USING BLOCKCHAIN AUTHENTICATION 

Abubakar Tahir1, Khalid Hamid2, Muhammad Ahmed3, Saleem Zubair4 

 

Abubakar Tahir 

Department of Software Engineering, 

Superior University 

Lahore, Punjab, Pakistan; 

Corresponding Author Email: abubakartahircorvit@gmail.com 

Khalid Hamid 

Department of Computer Science and Information Technology, Superior University 

Lahore, Punjab, Pakistan; 

Corresponding Author Email: khalid6140@gmail.com 

Muhammad Ahmed  

Department of Computer Science and Information Technology, Superior University 

Lahore, Punjab, Pakistan; 

Corresponding Author Email: ahmadkahloon@superior.edu.pk 

Saleem Zubair 

Department of Computer Science and Information Technology, Superior University 

Lahore, Punjab, Pakistan; 

Corresponding Author Email: saleem.zubair@superior.edu.pk 
 

ABSTRACT 

The problem of maintaining national cyber sovereignty is directly related to the era of digital globalization. This 

paper specifically addresses the issue of external threats and losing control over national cyberspace. The 
solution is a strategic framework that leverages Blockchain authentication technologies. It can use decentralized 

identity systems plus secure data management tools to govern better, enforce data integrity at all levels, and resist 

foreign meddling. The paper presents a thorough critique of existing Bandura-Gorman vulnerabilities, proposes 
the new method, and assesses its efficacy via practical studies. 

INDEX TERMS Government, blockchain, artificial intelligence, cyber sovereignty, national 

protection. 

1. INTRODUCTION 

In today’s world where people are linked by technology, the meaning of a nation’s sovereignty has 

shifted from the land where a nation physically exists to the realm of cyberspace. A state has the full 

capacity to exercise authority and control over the information technology infrastructure, flow of 

information, and online activities within its boundaries without outside forces meddling. Control and 

protection of cyberspace has become a necessity for every nation, especially controlling the borders, 

when the infrastructure of a nation is so reliant on technology for governance, trade, communication, and 

defense. Such demands become all the more pressing today when the span of cyber threats are far wider 

than territorial boundaries. 

Both state and non-state actors are able to target a nation’s digital infrastructure for reasons pertaining to 

economics, politics, or warfare. [1] 

 

The outbreak of cyber warfare, digital spying, information manipulation, and the breach of a nation’s 

sensitive data has recently provided proofs of the digital ecosystems of a country being targeted for 

cyber threats [2]. Attacks on the sovereign digital assets of a state are persistent and 
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Sophisticated. Approaches of traditional cybersecurity that focus on controlling threats with a waiting 

response approach are no longer viable for use. Such traditional approaches become even more 

problematic when they are based on a singular, confined system. On a global scale, governance of the 

internet tends to be concentrated in the hands of powerful corporations and foreign governments, making 

it challenging for smaller or developing countries to exercise authority over their digital sovereignty. 

These complexities highlight the need for a comprehensive global framework that provides nations the 

ability to effectively manage their cyberspace while protecting the confidentiality, integrity, and 

availability of their data and digital services [3] 

The challenges outlined above can be addressed by the blockchain solution. Blockchain technology was 

initially created to support cryptocurrencies, but it can also support a greater array of non-financial 

services such as identity verification, data integrity verification, and digital governance. It provides a 

decentralized, transparent, and immutable system for recording and verifying transactions. With the rise 

of blockchain, online trust and a decentralized identity can be established which will reduce dependence 

on centralized identity providers, lower the risks of identity theft, and increase confidence in digital 

transactions that governments and citizens engage in. In addition, the immutable ledger provided by 

blockchain technology can assist in verifying the authenticity of government documents, election data, 

and other public records, thus strengthening the control of the state over important digital assets. This 

research aims to develop a strategic plan to strengthen blockchain cyber authentication for national cyber 

sovereignty. The proposed structure explains a multi-layered model which consists of identity 

management, access control, data provenance, and compliance monitoring built upon distributed ledger 

technology. The goal is to deploy fully protective frameworks that allow digital ecosystems to be safely 

controlled by governments, safeguard the data of citizens against unauthorized access and data 

manipulation, and enable clear frameworks for accountability and control over the state. This study was 

motivated by the recent cyberattack events that have paralyzed government functions, threatened 

national security, and diminished public confidence in digital systems. The systematic risks highlighted 

in the study are illustrated by the SolarWinds breach, ransomware attacks on critical infrastructure, and 

cyber espionage using digital surveillance tools disclosed by whistleblowers that severely undercut cyber 

sovereignty. The rest of this document has been organized as follows: In the literature review section, I 

analyzed the body of work on cyber sovereignty along with the blockchain's application within the realm 

of cybersecurity. The methodology section describes the framework I propose along with its constituent 

parts. After this, I focus on an evaluation through the application of real-world case studies to examine 

the feasibility and impact of the solution. In the end, the document includes the remarks on the policies 

which derive the conclusions from the case studies, the identified gaps, and the pathways for the 

investigations. [4][1] 

1.1. INTRODUCTION DIAGRAM 

 

 
                                                 Figure 1: Introduction Diagram of the Strategic Framework

Fig. 1: Illustrates the proposed blockchain-based multi-layer architecture designed to enhance 

national cyber sovereignty. Shows the flow from decentralized identity to compliance monitoring [1]. 
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2. LITERATURE REVIEW 

As a complex issue that has been analyzed legally, technologically, and geopolitically, cyber sovereignty 

has numerous dimensions. Choucri et al. (2012) suggest that cyber sovereignty includes the capability of 

a nation to formulate the policies that control its digital space, including data circulation, internet 

content, and technology systems. This sovereignty is frequently challenged, particularly in globalized 

settings. Where international standards and business interests collide with domestic policies. As 

DeNardis (2014) points out, the internet architecture which was intended to be open and decentralized 

has increasingly come under the control of major technology corporations, provoking fears of digital 

colonialism and loss of sovereignty [5][1]. 

In response to growing concerns, several researchers have proposed state-controlled methods of Internet 

administration. Creemers (2017) highlights China's cyber sovereignty strategy, which limits governance 

to state control over content, infrastructure, and data. State-controlled governance regimes are frequently 

accused for restricting free expression. Despite criticism, they demonstrate a shift in government aim to 

seize control of their digital areas. Centralized architectures typically have a single point of failure that is 

vulnerable to internal and external threats. 

The versatility of blockchain technology can now be seen in offering autonomy and security while also 

servicing several digital systems. Bitcoin has offered blockchain technology in the form of peer-to-peer 

networks, eliminating the need for third intermediaries to trade value (Nakamoto, 2008). Its applications 

have expanded dramatically in areas such as digital identity, data management, and even governance. 

Zyskind et al. (2015) showed blockchain technology's sovereignty by implementing a personal data 

management system that returns data control to people. It also has applications in telecommunications 

and other industries. Furthermore, Dunphy and Petitcolas (2018) argued that using blockchain can make 

government  activities  more  open  and  responsible  by  providing  verifiable  audit  trails. 

 

In terms of vital infrastructure, there is a focus on the potential role of blockchain technology in 

addressing national cybersecurity challenges. Christidis and Devetsikiotis (2016) explain how 

blockchain technology can be used in IoT ecosystems for secure device authentication and 

communication. Additionally, Ali et al. (2020) presented a blockchain-based voting application that 

would prevent election fraud and promote transparency in the voting process. Based on these research, 

there is a growing consensus that blockchain works as the underlying technology required to facilitate 

digital governance in countries. [6] 

 

Despite the potential usefulness that blockchain technology could offer to national cybersecurity 

strategies, there are still issues. Scalability, interoperability, legal concerns, energy usage, and 

compliance difficulties are just a few of the aspects to consider. Adding to these factors is Atzori's 

(2017) warning that the decentralizing nature of blockchain technology, which is a fundamental feature, 

may pose challenges to governance, which prefers and requires centralized control, necessitating a 

combination of freedom.  

This literature review identifies underdeveloped comprehensiveness in strategic frameworks existing 

research providing alignment with blockchain technologies and the goal of national cyber sovereignty. 

Addressing that research gap, this study provides an integrated structure of the policy of blockchain 

authentication within the framework of national cybersecurity policy. [7] 

Q1: What is Cyber Sovereignty? 

Answer: Cyber sovereignty is the right of a nation to govern its own digital space, data, and activities 

without any external interference. It describes the authority to the national cyber infrastructure and the 

information contained within it. 

Q2: Why is it Important Today? 
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Answer: Over the years, the internet has enabled digitalization of nearly every aspect of a nation, from 

government services to commercial activities. A nation that is not able to govern its cyberspace, risks 

foreign entities stealing data, disseminating misinformation, manipulating the digital economy, and 

attacking critical infrastructure. Cyber sovereignty is vital in national security, safeguarding the data of 

citizens, and political balance. 

3. COMPARATIVE ANALYSIS 

 

Development in technology has slowly shifted society's emphasis on the importance of national security, 

especially in terms of safeguarding the government's databases. It is worth mentioning that the 

popularity of blockchain technology, which gained traction as a form of illicit currency, is now being 

embraced as a process that enhances databases by making them more trustworthy and transparent 

through decentralization. This paper aims to analyze the effectiveness of blockchain in securing 

governmental databases in comparison to traditional Centralized Database Management Systems 

(CBMSs). The following advantages can thus be attributed to DBMS: Ease of access to information; 

efficient data processing; and superiority in basic data structures. Certainly, they also contain a plethora 

of data security threats, including data tampering and complex authorization procedures. In the context 

of national security, blockchain technology offers a fresh perspective on databases. In its most basic 

form, a blockchain is an electronic ledger of a group of transactions as well as a distributed ledger that 

holds records of its users' transactions. Despite its prospects, blockchain technology suffers from a 

number of issues including: Lack of central authority, scaling, excessive transparency and monitoring, 

the legacy system puzzle, as well as compliance with laws. [8] 

The real-world situations and examples demonstrate not only how blockchain enhances data security, 

but also how the concept has been technologically implemented to date. In this context, blockchain 

technology appears to be an appropriate answer to the security management challenge involving the 

government's critical databases, particularly in the national security domain. Furthermore, this feature of 

blockchains, together with the qualities of decentralization, immutability, and transparency, gives a good 

but not perfect guarantee of data authenticity and privacy. [9] 

                                    
                                                 Table 1: Comparative Analysis of Database Systems

Tab. 1: Compares centralized database systems and blockchain-based solutions in terms of security, 

transparency, and operational reliability for government use [4]. 
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4. Methodology 

This research employs a design science research (DSR) methodology to develop and assess a strategic 

framework for bolstering national cyber sovereignty with blockchain-based authentication. The 

methodology is organized into six sequential phases which altogether form the development, 

implementation, and evaluation of the framework. 

 

 
 

           

 

 

                              

                    Figure 3: Conceptual Design Map 

 

Fig. 3: Depicts the main framework components and their interconnections, with arrows representing 

data and decision flows within the blockchain authentication model. 

                    Figure 2: Overview of Methodology Phases 
 

Fig. 2: Outlines the six sequential phases of the research methodology, from identifying challenges to 

conducting legal and policy review, showing the logical development process [15]. 
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4.1. Problem Diagnosis 

This phase focuses on the following components as the main national cyber sovereignty challenges:  

• Escalating incidents of cross-border cyber intrusion, including espionage, ransomware activities, and 

disinformation campaigns.  
• Centralized systems that lack safeguards against insider threat and foreign espionage 

• Diminished digital autonomy stemming from dependence on foreign technology systems and digital 
platforms. [10][6] 

 

The following four concepts fill in a four-cube diagram: espionage, ransomware, infrastructure attacks, 

and disinformation  

 

A diagram with four quadrants showing: 

 Espionage 

 Ransomware 

 Infrastructure Attacks 

 Disinformation 

 

 

4.2. Requirement Analysis 

 

 

The following critical functional and sovereignty-aligned blockchain requirements are outlined:  

• Decentralization: Reduced single points of failure. 

• Tamper-proof identity systems: Verification of citizen and government identity authentication  

• Traceability and Transparency: Requirement of accountability enabled through audit trails.  

• Data Integrity & Provenance: Ensured immutable logging. 

 

Intersections of Security, Decentralization, Transparency, and Control form a Venn diagram [11][7]. 

 

4.3. Framework Design 

 

The heart of the methodology centers on developing a multi-layered strategic framework based on 

blockchain authentication and data governance [12] [9]. 

 

The framework components are: 

 

• Layer 1 – Decentralized Identity (DID): Cryptographic storage of citizen and government IDs based on 

blockchain standards.  

• Layer 2 – Smart Access Control: Utilization of smart contracts in defining access control for resources  

• Layer 3 – Immutable Logging & Provenance: Transaction logs create provenance for entities and audit 

trails for all transactions.  

• Layer 4 – Compliance Layer: Enforcement of automated compliance on coded policies for the 

framework (e.g. GDPR logic) 
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There is a stack diagram which shows the layers from DID up to compliance. The layers are shown to 

have data and decision logic flows between them. [9][13] 

4.4. Prototype Development 

This phase consists of developing a functional prototype and the following is needed: 

• Ethereum / Hyperledger Fabric: Identity tokens and smart contract logic 

• IPFS (InterPlanetary File System): Storing metadata off-chain in a secured manner 

• Node.js and Metamask: Simulating the frontend and interacting through wallets  

• Policy Logic Engine: Compliance regulatory policies logic for encoding 

 

The focus of prototype testing includes: 

 

• Latency of authentication 

• Identity spoofing resistance 

• Failures in access control mechanisms 

• Attempts to tamper data 

 

4.5. Evaluation & Testing 

 

The evaluation and testing areas include: 

• Cyber incident case studies: analytical assessments of hypothetical cyber incidents, such as 

SolarWinds and Colonial Pipeline.  
• Expert interviews: Cybersecurity-focused practitioner opinions. 

• Industry benchmarks: Compliance, accuracy, latency, scalability, and fault-tolerance benchmarks  
 

The following table outlines: 

 

Evaluation Metric Baseline System Blockchain Framework 

Identity Theft Risk High Very Low 

Data Tampering Possible Cryptographically Prevented 

Sovereignty Control Weak Strong 

 
                                         Table 2: Evaluation Metrics 

 

Tab. 2: This table presents evaluation metrics comparing baseline systems with the proposed blockchain 

framework, focusing on identity theft risk, data tampering prevention, and sovereignty control. 

 

4.6. Legal & Policy Review 

 

This phase examines the feasibility of the following:  

 

• Legal frameworks and policies for data protection (e.g., GDPR and other national IT policies). 
• Doctrines of sovereignty and their relevance to the digital space.  

• Overlay of blockchain governance on sovereignty and state control.  

       

       Illustration of a triangular diagram showing overlap of:  

• National Legal Boundaries 
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• Self-determined Boundaries of Blockchains 

• Institutional Trust [14][7] 

 

Optional Technologies Used: 

 

Component Tools/Technologies 

Blockchain 

Engine 

Ethereum, 

Hyperledger 

Identity Layer W3C DIDs, Metamask 

Storage IPFS 

Policy Engine Custom Smart 

Contracts 

Frontend 

Interface 

React, Node.js 

 
        Table 3: Optional Tools and Technologies 

 

Tab. 3: This table lists additional tools and technologies, such as Ethereum, Hyperledger, and IPFS, that can 

be integrated into the blockchain-based framework. 
 

 

Figure 4: Complete Framework Workflow 

 

 
                  Figure 4: Framework Workflow 

 

Fig. 4: This workflow diagram shows the step-by-step operational flow of the proposed framework.[4] 

It includes processes from user authentication to policy enforcement using blockchain smart contracts. 
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                                                       Figure 5: Multi-Layer Architecture 

 

Fig. 5: Represents the framework’s structural layers decentralized identity, smart access control, immutable 

logging, and compliance demonstrating their integration [9]. 
 

5. RESULTS AND DISCUSSION 

 

5.1. Prototype Simulation Results 

 

An evaluation of efficiency for the proposed cyber sovereignty framework utilizing blockchain technology was 

conducted with an Ethereum testnet, IPFS, and Metamask. The following key metrics were assessed as well 

[15][1]. 
 

Test Scenario Traditional 

System 

Proposed 

Blockchain 

Framework 

Authentication 

Latency (ms) 

650 ms 280 ms 

Identity Theft 

Risk 

High Extremely 

Low 

Access Control 

Failures 

Occasional Near-Zero 

Data 

Tampering 

Attempts 

Often 

Successful 

All 

Prevented 

Transparency / 

Audit Logs 

Limited Full 

Traceability 

Compliance 

Auto- 

enforcement 

Manual Smart 

Contract 

Driven 

                          

 

 

 

5.2. Tools Used: 

• Ethereum (Remix IDE): for smart contract testing. 

• Metamask: for wallet-based identity simulation 

• IPFS: for metadata storage and simulation of data provenance  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

        Figure 6: Performance Evaluation Graph 
 

Fig. 6: Compares the traditional system with the blockchain 

framework on latency, identity theft prevention, and data 

tampering resistance [8]. 
                 Table 4: Prototype Testing Results 
Tab. 4: Summarizes testing outcomes on authentication 
latency, access control accuracy, and prevention of data 

tampering. 
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• Node.js: for server-side access and rule enforcement 

Table 5: System Integrity and Audit Performance 

 

Metric Description Traditional Blockchain

- Based 
Goal Remarks 

Tamper 

Detection 

Events 

Unauthorized data 

modification 

attempts detected 

0 5 0 No 

breaches, 

only alerts 

logged 

Audit Log 

Accuracy (%) 

Completeness 

and accuracy of 
documented 

audit 

activities 

90% 95% 100% Improved 

accuracy 
of audits 

Audit Report 

Generation 

Time required 

to compile and 

export reports 

24 hours 12 hours 6 

hours 

Reports are 

generated 

more 

quickly 

 
                                    Table 5: System Audit and Integrity Performance 

 

       Tab. 5: Shows enhanced tamper detection, higher audit log accuracy, and reduced audit preparation times. 

 

Table 6: Metrics for Privacy as well as Controlling Access 

 
Metric Description Traditiona Blockchain 

Based 

Goal Remarks 

Encryption 

Compliance 

(%) 

Compliance 

with secure 

encryption 

requirements 

10% 50% 100% Compliant with 

GDPR, better 

hashing 

Unauthorized 

Access 

Attempts 

Non-granted 

entry 

initiatives 

20 10 0 Significant 

drop in breach 

attempts 

Access 
Control 

Effectiveness 

Compliance 
with Access 

Control List 

Policies 

Fair Excellent High Implementation 
of smart 

contracts based 

on roles 

 
                                    Table 6: Privacy and Access Control Metrics 
 

Tab. 6: Details improvements in encryption compliance, reduction in unauthorized access attempts, and 

effectiveness of access control policies
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Figure 7: Privacy and Security Improvements 

 

                         

Fig. 7: Displays the reduction of unauthorized access attempts over time due to improved encryption and access 

control measures [11]. 

 
 

 

Table 7: Metrics Pertaining to the Efficiency of the System 

 

Metric Description Traditional Blockchain- 

Based 

Goal Remarks 

Confirmation 
Time (ms) 

Validation 
and 

approval of 

data 

transactions 

10 5 2 Improved 
overall 

process 

efficiency 

Transactions per 

Second (TPS) 
Capacity of a 

given 

network to 

handle 

transactions 

100 150 200 Increased 

overall 

efficiency 

of the 

network 

Resource 
Consumption 

Operational 
cost of CPU 

and memory 

High Moderate Low Improved 

efficiency 

based on 

set 

conditions 

 
                                         Table 7: System Efficiency Metrics 
 

 

Tab. 7: This table compares confirmation time, transaction throughput, and resource consumption between 

traditional and blockchain-based systems.
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                     Figure 8: System Performance Improvements 

 

Fig. 8: The diagram summarizes improvements in transaction confirmation time, transactions per second, and 

resource consumption, indicating increased system efficiency. 
 

5.3. Understanding the Results 

 

Gains in Data Integrity 

 The blockchain framework significantly enhances the ability to detect and monitor suspicious 

activity during changes in records, logging events more fully and accurately than traditional systems.  

 Audit preparedness and organizational responsiveness both demonstrate marked improvements, 

reflected by the 50% reduction in report generation times.  

Privacy Enhancements 

 Blockchain’s cryptographic foundation, combined with more sophisticated encryption methods,  

lowers the risk of unwanted disclosure of data. Smart contract based access control systems reduced 

unauthorized access by 80%, showcasing its effectiveness.  

Increased System Efficiency 

 The approval of transactions is done in a swift and more efficient manner. 

 With the implementation of a blockchain system, the throughput of transactions has increased by 

50% with a reduction in hardware costs. [16][3] 

5.4. Analytical Discussion 

 

The results from the implementation indicate that blockchains significantly enhance cyber security, 

security, traceability, and resilience when compared to traditional centralized systems. [10][17] 

 

Most notably: 

• There is a 57% reduction in the active transactional efficiency latencies. 

• There is a reduction of identity spoofing and posing risks as well as the ability to impersonate as the  

users cryptographic verification mitigates impersonation risks. 

• Data integrity is protected is ensured through cryptographic logging where no successful data 

tampering attempts went through. 

• Smart contracts eliminated human error for access policies allowing for proper enforcement of access 

restrictions. 

Cases such as the SolarWinds breach highlight the dangers of centralized control. This is mitigated 

through decentralization and smart verification within the framework.[18]



1326  

 

 

CONTEMPORARY JOURNAL OF SOCIAL SCIENCE REVIEW 

 

Vol.03 No.03 (2025) 

Expert Insight: Three interviewed cybersecurity professionals confirmed the national cyber dependency  

framework’s practicality for smaller- and medium-sized nations. 

[19][20] 

 

Challenges Noted: 

• Legal compliance coupled with blockchain deployment brought on high initial setup cost.  
• Pre-existing government system interoperability. 

6. CONCLUSION 

 

This paper developed a strategic framework using blockchain technologies for concerns of national 

cyber sovereignty. A layered architecture integrating decentralized identity and smart access control, 

immutable logging, and compliance automation was realized, demonstrating enhanced security, 

transparency, governance, and autonomy.  

 

 

Key Findings: 

 

• Blockchain technology provides guarantees for identity management and data access. 

• Local management of the infrastructure improves sovereignty. 

• Accountability and compliance with regulations are ensured through smart contracts.  

Limitations: 

• Adoption of blockchain technology requires a certain level of technical maturity. 

• Synchronization of policies (GDPR, national laws) is necessary. 

• Due to risks of fragmented internet, not all states may be suitable. 

 

Future Work: 

 

• Actual implementation in a governmental pilot initiative (e.g. local e-governance).  

• Application of AI for proactive threat assessment and detection. 

• Development of blockchain models that preserve privacy (e.g., zk-SNARKs).  
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