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ABSTRACT
This paper analyses the emerging technology of the blockchain in the security of systems and the new developments made by
software engineers to strengthen the pro-security measures. This research is based on a case of Ethereum and Bitcoin block
transactions between 2015 and 2024; it evaluates the performance of these innovations in addressing crucial cybersecurity issues.
The analysis identifies a notable increase in blockchain transactions, with the average number of transactions rising significantly
from 6,808 in 2015 to 1,265,172 in 2021. Although there was a slight decline to an average of 1,119,292 in 2022 and 1,049,591
in 2023, the overall upward trend reflects growing adoption and utilization of blockchain technology.
Some of the key insights identified show that these improvements like new consensus algorithms and scalability solutions have
hugely improved the ability of the blockchain networks to handle moderate to high volumes of transactions without
compromising the security of the networks. Technique adopted in this study is the descriptive and inferential statistics that reveals
trends and patterns in the transaction data to analyse the effects of incorporating Blockchain technology in the modification and
protection of data, access to the unauthorized person and strengthening the system.
The study reveals a significant potential in the use of blockchain technology for deepening cyber security in its decentralized
methodology and cryptosystem. For the future work, computational solutions should be advanced and should incorporate
strategies that help increase scalability and enhance the roles of all the stakeholders involved in the process. Also, future research
should uncover the organizational benefits and the use patterns of blockchain technology and investigate its interactions with
other advanced technologies. From this study we appreciate the importance of blockchain in enhancing the cybersecurity and
the need to advance and invest more in research and partnership to harness its benefits.
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1. INTRODUCTION

The current generation is characterized by technological development that has changed the way data is created, managed and
transmitted. Thus, data is now considered valuable and an essential resource for organizations and individuals in the many fields.
However, the advancement of digital technology brings about more and more risks of cyber-attacks on the data which threatens its
confidentiality and accuracy. Cybercrimes such as hacking, theft of information and sabotage are almost in everyday occurrence
and they have put into question the reliability of the regular methods of security protection that involve the use of centralized
structures that are relatively easy to penetrate.

Embracing the challenge, blockchain technology has emerged as one of the most promising solutions to increase cybersecurity. As
a decentralized and distributed ledger, blockchain has several built-in benefits such as, including the resilience to alteration,
transparency, and tight encryption, which can aid to mitigate cyber threats. Blockchain technology has proven as the best tool to
improving cybersecurity given the rising cases of cyber threats. The distributed and completely unalterable database of a block chain
brings the best safety against unauthorized access and the manipulation of data (Raasetti, 2024). It can be significantly useful in
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enhancing data credibility and protection because a data entry in the blockchain records cannot be edited in any format if consensus
is not obtained and everyone can access a specific transaction.

Although the world has developed more sophisticated methods to protect information technology infrastructure from attacks,
unauthorized access and data breaches persist. Most of the conventional security systems have been developed based on a central
control structure and, therefore, are prone to a single failure point. The flaw arises with centralized systems because the information
getting input into the database gets altered, tampered with or hacked through cyber criminals leveraging on the centralized control
of the data. This has resulted in the emergence of the need for newer methods that can guard data in more efficient and secure way.
Blockchain can also be employed in the domain of cybersecurity to decentralised identity solutions, secure storage and sharing and
smart contract safeguarding (Singh et al., 2023). It is imperative to have more profound insights into the application of the blockchain
in cybersecurity frameworks and the ways that software engineers are experimenting with the technology to enhance data security.
It is required to comprehend how experts in cybersecurity are applying blockchain into cybersecurity frameworks and how software
engineers are experimenting with this technology to enhance data security and integrity.

1.3 Objective of the Study

This study seeks to establish how blockchain can be incorporated into cybersecurity by finding how software engineers are
innovating to improve data integrity. The research uses the open-source systems to examine the organiser’s ability of these
innovations to address cyber threats. Such approach will allow the research to offer an evidence-based analysis of the blockchain
benefits concerning crucial cybersecurity issues, including data alteration, unauthorized access, and system vulnerabilities.

2. LITERATURE REVIEW

2.1 Blockchain Technology and Cybersecurity

Blockchain has been identified as a potential solution for implementing improved cybersecurity measures in different sectors. The
blockchain transparency and distributed nature, combined with cryptographic security measures, provide significant resistance to
unauthorized access and data modification (Raasetti, 2024). As highlighted by Kumar et al, block chain is made up of blocks that
contain the encrypted version of the previous block, time, and related transaction data which come one after the other and this makes
the system secure against alteration.

Blockchain technology has been reckoned to have many positive implications for a range of sectors, especially in the field of
increasing the robustness of data. Basically, blockchain works as a distributed ledger that maintains a record of transactions through
multiple nodes with high levels of transparency and data integrity. Nakamoto, S. (2008) originally established it as an architectural
feature for Bitcoin, a decentralized digital currency with the objective of allowing two parties to transfer value without a middleman.
Since then, the applications and uses of block chain are not only limited to virtual currencies but has far reaching impact to the world
of computer security.

One of the major features of the blockchain is decentralised, that is why it is very hard to get it altered. It also gives out data unlike
centralized systems where data is stored in one place only it distributes data across nodes. Therefore, to modify information placed
in one block necessitates the change of every other block following it on the chain and this is a process that becomes increasingly
difficult with the length of the chain. This characteristic is called immutability which means that data entered in the blockchain
cannot be easily altered or deleted which increases the data credibility and protection (Zheng et al., 2018).

Blockchain also employs other intricate cryptographic methods including hashing and public-private key encryption to operate
transactions and expel intruders. These cryptographic methods also assist in enhancing the security of the data through ensuring that
only given personnel can access the data or make changes to it. According to Yuan and Wang (2016), the characteristics inherent to
the use of cryptography make blockchain the optimal solution for the preservation of confidential information, especially in the
financial and medical spheres.
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Fig 1: Blockchain structure (Source: Nist.gov)

2.2 Blockchain-Based Cybersecurity Solutions

The role of blockchain in increasing cybersecurity has therefore become an interesting area that is being discussed in recent
literature. One such area of application is in Identity Management Systems using the blockchain technology. Conventional
approaches to identity and access management involve the use of centralized control structures, which are vulnerable to hacking
and other mishaps. More so, and unlike centralized digital identity management, decentralized ones are heavily based on the
blockchain technology, so that the customers are the only ones who control their data. For example, Taylor et al. (2020) described
that the freedom of blockchain and decentralization in their respect make this technology appropriate in various sectors, including
cybersecurity. Indeed, different types of blockchain technologies have the ability to underlie a kind of decentralised applicationthat
constitutes many other applications in the world at present including the new Internet security structure.

Taylor et al. (2020) stressed that more than half of Cyber Security blockchain applications are associated with 10T devices. This
study was perhaps one of a few that solely dedicated to the discussion of cyber security and acknowledged the versatility of
Blockchain technology while asserting that is not just a decentralized, trust less system needed to address all the issues that may
exist in the realm of cyber security. Owing to the gradual rise in the number of cybercrimes, there have been several solutions
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recommended. However, the blockchain is regarded as the most promising information infrastructure technology that is likely to be
applied in various cybersecurity ones (Parizi et al., 2020).

Zyskind et al. (2015) presented the concept of a personal data management system with the help of blockchain that safeguards the
privacy and ownership of the data with full control from the user end. Another creation of the blockchain technology is smart
contacts, which have also been used in cybersecurity. A smart contract is a digital contract that automatically executes when the
contract terms are coded and embedded into the software. Such contracts are self-executing and as soon as one provisions is fulfilled,
a set of operations is performed without the involvement of third parties. Kosba et al., (2016) stated that application of smart contract
in security can be used to effected security securing process like the access control for permitting only authorized person to access
certain resource as a result of configured standards. This also minimizes human interferences in security processes which may be
either through negligence or unlawful intentions.

Apart from identity and smart contracts, blockchain has also been relevant in improvement of the secure sharing of data. While one
can find numerous examples of sharing data through conventional approaches the latter may contain possible weaknesses as they
require using third parties. Finally, through employing block-chain the information sharing can go on in a secure and transparent
manor without the interference of the middlemen. For instance, Liang et al. (2017) proposed a blockchain-based data sharing
architecture for healthcare data; it ensured the patients’ data confidentiality and integrity, and allowed only the authorized personnel
to access the data

2.3 Software Engineering Innovations in Blockchain Cybersecurity

The role of software engineers in the development of blockchain-based cybersecurity solutions cannot be underestimated. They
have made tremendous contributions enhancing the design and adoption of efficient blockchain systems for enhanced data
assurance. For instance, consensus mechanisms in the application of engineering expertise to make improvements on the security
and efficiency of blockchain systems. The Proof of Work consensus algorithm originally employed by Bitcoin entails the nodes to
solve complicated mathematical problems with the view of validating the transactions with the intention of safeguarding the
underlying blockchain (Garay et al., 2015). Nonetheless, PoW is highly resource consuming and may be time consuming as well.
For this reason, software engineers have come up with other types of consensus algorithms including the Proof of Stake (PoS) and
Practical Byzantine Fault Tolerance (PBFT) that can process transactions at a faster rate and consume less energy while at the same
time being secure (Vukoli¢, 2015).

The usual approach that engineers has also taken and successfully managed to design elastic and efficient blockchain systems that
are capable of handling large volumes of data while continues to ensure security. For example, Sharding is a technique which divides
the blockchain into smaller sections known as “shards.” Each shard can perform and verify its transactions without affecting the
overall network which makes it efficient and scalable as stated by Zamani et al., (2018). These innovations address one of the key
challenges in blockchain adoption for cybersecurity: the possibility of a proper scaling as the amount of data increases turns into the
ability to do it securely.

The other area of innovation is in encryption protocols based on blockchain technology. Cryptography has been added to the
blockchain systems by engineers where one party can convincingly demonstrate that he knows a certain value for instance a
password without necessarily exposing the said value to the other party. This improves the privacy and security by allowing safe
authentication whereas no more sensitive data is disclosed (Ben-Sasson et al., 2014). Such cryptographic developments have
numerous implications to the society in the aspects of communication security, information exchange and authentication.

2.4 Challenges and Limitations in Blockchain Cybersecurity

There are several limitations facing the application of blockchain in cybersecurity as follows; One of the most apparent is scalability.
Although there are enhancements on developing new techniques and methods like sharding as well as the different consensus
algorithms that help in enhancing blockchain’s performance, implementing blockchain as the solution to cybersecurity at a large
scale is still quite a challenge due to issues like the rate of transactions and the efficiency of the network. Croman et al. (2016) stated
that the current implementation of blockchain could be insufficient to handle the level of transactions needed for it to be utilized in
cybersecurity when more people require these services, including in industries like finance and healthcare.

Another problem is that the blockchain networks can be attacked with hi-tech attacks. For instance, the so-called ‘51 percent attack’
is possible when one party gains control over over half of the hash power of the blockchain, thus becoming capable of changing not
only the existing transactions, but the history as well. While it is not easy to pull off such attacks, these are the weak links in
blockchains with low aggregate hashrate, or low decentralization (Conti et al., 2018).

Privacy issues are also a challenge to blockchain cybersecurity solutions that has been proposed in addressing such systems. Though
it is transparent and immutable, it may lead to leakage of sensitive information in case proper mean of security is not undertaken.
As Narayanan et al. (2016) demonstrated, the anonymity level provided by blockchain can sometimes be lame due to the possibility
to identify transaction patterns that could be linked to certain individuals. To eliminate such concerns, software engineers have
customized novel technologies like ZKPs and ring signatures, however, the technologies are still in their nascent stages and are not
immutable to vulnerabilities in all scenarios.

2.5 Future Directions in Blockchain and Cybersecurity

The integration of blockchain technology into cybersecurity is still in its infancy, but the future holds significant promise. Research
suggests that as blockchain technology matures, it will become increasingly integrated into cybersecurity frameworks across
industries. Future innovations may focus on improving blockchain scalability, security, and privacy, ensuring that it can handle the
demands of modern cybersecurity environments.

According to Christidis and Devetsikiotis (2016), blockchain could revolutionize industries such as finance, healthcare, and
government, offering decentralized, tamper-proof systems that ensure data integrity and security. Advances in consensus algorithms,
cryptographic protocols, and scalable architectures will likely play a central role in the widespread adoption of blockchain for
cybersecurity. Furthermore, the combination of blockchain with other emerging technologies, such as artificial intelligence and the
Internet of Things (10T), could lead to new cybersecurity paradigms that offer even greater protection against data breaches and
cyber-attacks.
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3. METHODOLOGY

This section outlines the research design, data collection methods, and data analysis procedures used in this study to investigate the
integration of blockchain technology in cybersecurity, focusing on innovations by software engineers that enhance data integrity
and security. A combination of qualitative and quantitative research approaches was adopted to provide a comprehensive
understanding of the subject.

3.1 Research Design

The study utilizes publicly available blockchain transaction data to identify trends related to data integrity, privacy, and security
enhancements. This publicly available blockchain transaction data was downloaded from the Ethereum blockchain and Bitcoin
ledger. The datasets covered transaction records from 2015 to 2024, including data on the number of transactions, block sizes,
transaction confirmation times, and occurrences of security incidents (e.g., double-spending attempts or malicious attacks). These
data sets were obtained from open-source platform known as Etherscan.

4. DATA ANALYSIS

The blockchain transaction data was analysed excel to identify trends and patterns. Descriptive statistics were used to summarize
the data, including the mean, median, and standard deviation of transaction confirmation times, transaction volumes, and security
incident occurrences. Inferential statistical methods, such as regression analysis, were applied to determine the relationship between
blockchain innovations (e.g., introduction of new consensus algorithms) and improvements in security metrics, such as the reduction
in double-spending incidents or successful 51% attacks

4.1 Results and Discussion
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Figure 2: Graph showing the blockchain transaction from 2015 (Source: Etherscan)
The data analysis of the blockchain transactions from the period 2015 to 2023 offers insights and trends about blockchain
technology. The trend line of the graph depicts a gradual rise in the number of transactions between these two blockchains over this
period, which suggests the gradual expansion of blockchain in different industries including the financial sector, healthcare, as well
as the supply chain industry. The sudden increase toward the end of 2020 and beginning of 2021 is especially pronounced, which
may be explained by the growing demand for cryptocurrencies, especially Bitcoin and Ethereum, as well as by the intensified
processes of digitalization due to the COVID-19 pandemic.
Additionally, the peaks indicated in the graph, especially in 2020 and 2021, may relate to certain trends in the blockchain market
including the rise of decentralized finance (DeFi) and non-fungible tokens (NFTSs) and increasing institutional interest in digital
assets. These peaks are because of increased market activities especially where such transactions are conducted during high-risk
occurrences or where introduction of new technologies occur during the process of executing the transactions.
This emerging trend is further evidenced by average annual transaction volumes in the services. The mean number of transactions
in 2015 was over 6, 808 while in 2021 it reached up to 1,265,172. Despite these years, the online mean transaction values have
fluctuated in 2022 and 2023 at 1,119,292 and 1,049,591 respectively but overall, from 2015 to 2021, it shows a much broader range
of blockchain activity.

Table 1: Average blockchain yearly transaction from 2015

S/IN Year Mean
1 2015 6807.594
2 2016 37325.35
3 2017 282030.2
4 2018 688127.5
5 2019 665293.5
6 2020 941986.3
7 2021 1265172
8 2022 1119292
9 2023 1049591
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Consequently, the constant increase in the number of blockchain transactions indicates the importance of innovations in the
blockchain space, key among them being the consensus algorithm and scalability solutions. These innovations have made the
network capability strong to accommodate more of transactions besides observing on security and data integrity which is very
important in minimizing cases of tampering frauds and unauthorized access in the system.

5. CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

The use of blockchain technology in cybersecurity has been quite effective in improving data credibility and security. Based on the
research work done in the study, it can therefore be concluded that, through blockchain characteristics such as decentralised design
and the use of cryptography that are incorporated in the technology, there is a reduction on some key cybersecurity challenges. The
statistics show constant growth of blockchain transaction numbers in the years from 2015 to 2024 to prove its applicability across
the spheres including finance, healthcare, and supply chain management. This growth is especially observed in 2020 and 2021, has
a direct connection with the emergence of interest in cryptocurrencies and decentralized finance (DeFi) and the virus-impelled
digitalization wave.

Some of the improvements in the field of blockchain are new consensus mechanisms and scalability solutions that expanded the
capabilities of the networks to process more transactions without compromising the security and the integrity of the information.
These implications only go to show that blockchain deserves the relevance it has been given when it comes to problems concerning
data manipulation and control, system security and integrity. The analysis of transaction data through statistical methods has helped
identify patterns of transactions and which in turn need more security enhancements. These quantitative measurements have thereby
pointed out in accomplishing the trends involving the transaction attributes and the variation that describes the nature of the growth
of blockchain in cybersecurity. Blockchain security is constantly evolving to match its adoption pace and can effectively address
more sets of demands besides cybersecurity threats

5.2 Recommendations

The following are the recommendations for the development of blockchain-based cybersecurity information based on the results of
the study: Firstly, both software engineers and blockchain developers should focus on the improvements of the technologies as there
are still some limitations and disadvantages There is a need to undertake more research on areas like scalability, energy systems,
and systems integration. Development and innovations in these fields will expand the relevance and possibilities of applying
blockchain for protecting virtual networks.

Organisations should also include blockchain based solutions in their strategic plans within the framework of cybersecurity. This
includes decentralised identity management, smart contract security implementation, and blockchain based data sharing. These can
go a long way in enhancing the data protection and reducing the risks of cyber risk.

Besides, better coordination of all the stakeholders, such as, technology vendors, regulatory agencies, and cybersecurity
professionals, is imperative. The standards and norms of blockchain in various sectors will improve the usage of the technology
because it shall set the security aspects required in the effectiveness of every type of business model.

Lastly, future research should examine the continued influence of Blockchain adoption on cybersecurity and its implications for
developing technologies and trends like Al & 10T. Further research comparing the role of blockchain across different industries and
specific applications will reveal more insights into the versatility of blockchain.
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