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Abstract 

 

Blockchain and data science framework offer a solid platform that aims at improving safety, 

openness, and high-capacity for data handling. Some of the emerging issues with traditional 

big data analytics involve centralization of data that can be attacked, altered, or accessed by an 

unauthorized person. Blockchain, which is the distributed and cryptographic technology, can 

solve these problems because it provides secure data sharing and processing traceability. In this 

paper, we discuss the future of data science applications based on blockchain, engaging on the 

characteristics of blockchain to protect data authenticity and ownership and to enable analytics 

with privacy. 

 

To this end, we present a proposal for a framework that hinges on blockchain custodianship of 

data storage and allows for data sharing through permissioned techniques. These key features 

consist of validation mechanism supported by consensus, techniques of cryptographic nature 

to protect sensitive data included into analytics model, and tools for data lineage. This paper 

seeks to use cases in healthcare, supply chain and finance industries to demonstrate how 

blockchain can offer data credibility with stakeholders relying on snapshots from credible 

source. 

 

However, there are issues that act as barriers to the integration of blockchain technology into 

data science among them being scaling, latency and legal concerns. It is regarding these 

challenges that this paper presents them and suggests directions for future research in means 

of surmounting the said technical barriers to popularization. The overall framework is 

suggested to be the groundwork for secure and ethical data science, as a means of improving 

the dependability of efficient analytics across various industries. 
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1. Introduction 

 

In the world that is more and more shifting to a paradigm of data, both — blockchain and data 

science are innovations. Due to data science’s skills of analysing massive amounts of data, it is 

used in various fields such as; finance, healthcare, and supply chain. However, more 

dependence on data science has brought into focus how important data issues like accuracy, 

privacy, and trust have become. Data management centrally often exposes analytic information 

to frauds and unauthorized access and changes, which may compromise the validity of 

analytics and gradually lose credibility with users. 
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To elaborate, blockchain is a decentralized, transparent systems of record that was originally 

developed for the financial sector and hence possesses certain characteristics that alleviate 

certain of these concerns. It is a distributed and completely alterable record keeping technology 

that makes it impossible to alter, corrupt or delete data once recorded and creates an open and 

credible record of all transactions. These attributes make it a useful tool in adding more layers 

to data protection, control, and accountability—something becoming more critical in data 

analysis. By using blockchain within data science pipelines, it should be possible to construct 

systems that preserve the integrity, traceability, and permissioned access of data. 

 

In this paper, we focus on the possibility of applying blockchain in data science, and puts 

forward a new approach that advances blockchain’s inherent capabilities to promote secure and 

efficient data analysing. This integration involves the following capabilities, which are critical 

to support large-scale blockchain-based applications; maintaining data consistency and using 

consensus mechanisms to reflect data in each nodes’ database, privacy-preserving data sharing 

between nodes, and establishing a provable history of data ownership and custody. We also 

look into case studies of this framework at work with major concepts in fields including health, 

logistics, and banking and finance, where security of data and customer trust are essential 

elements. 

 

There are a few issues for consideration when applying blockchain in conjunction with data 

science. Some of the challenges are still with scalability, speed and more importantly the matter 

of compliance to regulation to make the same more acceptable. These challenges are discussed 

in this paper and possible future research directions together with the development of a more 

secure and trustworthy data science ecosystem incorporating blockchain technology are 

presented. 

 

 
 

Fig 1. Blockchain Integration in Data Applications  

 

2. Literature Review 
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(Rupasinghe et al., 2019) [1], proposes the use of blockchain to enhance the patient’s privacy 

and consent for sharing and using clinical data. The proposed architecture responds to 

significant issues concerning healthcare data as patient identity, data ownership, and consent 

are pivotal for the analysis of the data. 

 

The authors presented an architecture in which patient consent is safeguarded by blockchain 

technology, and data access is managed. The system permits patients to change their consent 

status at any one time and in this way; the patients retain full control of their data. In this 

scenario, the consent changes are checked and documented in a blockchain ledger thus 

excluding any other party, not inclusive of healthcare providers as well as data analytics 

systems, from accessing data of the patient without the updated consent of the patient. 

 

This architecture improves the data security and patient’s rights and, at the same time, provides 

sound, consent-based analysis of data for clinical use. Applying smart contracts in the 

framework work also eliminates the possibility of information acquisition without one’s 

consent to work as desired by simply automating these consent rules. It suggests possibilities 

for resolving some of the issues in health care data analytics, enabling the legitimate and ethical 

use of data in support of patient rights and company legislation and guidelines. 

 

(Mourtzis et al., 2023) [2], examines the disruptive role of blockchain in the context of 

progressing Industrial Metaverse. The authors describe theories and applications starting with 

cryptocurrencies and extending to emerging and more complex, secured architectures up to the 

level of Blockchain 5.0. This evolution is described as important in enabling decentralised, 

transparent activities within the metaverse. 

One of the topics discussed in the paper is integration of Blockchain with other contemporary 

technologies like IoT, artificial intelligence as well as extended reality known as XR to advance 

and improve industrial processes and security of data. Blockchain provides infrastructural 

amplification to digital twins, virtual reality integrations and real-time updates which are 

operationally critical in the construction of metaverse for the building of reliable and efficient 

industrial environments. Furthermore, interfacing with smart contracts helps simplify and 

secure transactions so that trust and reliability of the data can decrease the odds of data 

compromises and cyber threats in integrated systems. 

 

Accordingly, the authors conclude that blockchain can be viewed as an underlying technology 

that offers and guarantees the secure decentralised environment that matches the requirements 

of the Industrial Metaverse. This cohesion holds the potential to revolutionize supply chain 

optimization, asset tracking, restructuring of the manufacturing sector among other fields, and 

the future where blockchain-based digital environment will redefine the numerous industrial 

benchmarks. 

 

(Hassani et al., 2018) [3], discusses the relationship of cryptocurrency which is very essential 

in today’s world and big data which plays an important role in the current world and analysis 

in research and applications. Based on the post 2016 literature, the authors present a 

comprehensive review on the recent developments in both big data analytics and 

cryptocurrency, and on the combined application of the two domains. This, the paper argues, 

has enormous potential for enhancing data-driven processes in diverse sectors, amid the 

structural advantages of blockchain and the inherent decentralised security of cryptocurrencies. 
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In describing the current use of these technologies, the study shows how cryptocurrency can 

be used to manage massive amounts of data efficiently and respond to the security challenges 

associated with data analysis. This research is a contribution to a primary literature that is 

believed to help fill the existing gaps in the literature and become one of the main sources to 

support the future research of the existing and emerging applications of blockchain and big 

data technologies. 

 

(Afaq & Manocha, 2023) [4], offers a systematized discussion of what has been published so 

far on using blockchain with deep learning across multiple domains of application. This 

integration leverages these technologies, in that; Blockchain offers a secure, decentralized 

system while deep learning has predictive capabilities and can be applied in fields like 

healthcare, IoT, Automated cars and mobile edge computing to improve data security, privacy 

and resiliency. 

 

The paper highlights the big advantages of applying blockchain to deep learning model and 

data storage, and overcomes some key issues including data origin, model tamper, and user 

anonymity. In the medical field, patients’ records are shared between various facilities, but their 

privacy is preserved; in smart control systems, the challenging task of sharing the data and 

recognizing deviations is accomplished. The authors also examine certain blockchain-deep 

learning systems that were applied for smart agriculture, traffic prediction, and real-time 

network monitoring and show them as efficient for data-intensive and security-critical settings. 

As crucial applicative areas stressed by this review, blockchain clearly adds the ability of 

certainty of model predictions while also discreetly maintaining perfect impenetrability of data, 

which remains significant for remote sensing, V2V, and other data-oriented branches. Future 

development and research direction are discussed regarding the growth of similar applications, 

with a special focus on reducing the computational cost associated with the integration. 

 

(Tatineni, 2022) [5], explains in detail on how the use of three of the most popular technologies 

and techniques can be adopted to improve health data management in terms of efficiency, 

security and privacy. Using artificial intelligence (AI), enables real time data analysis and or 

prediction that aids diagnostic and decision making. Electronic health records (EHRs) become 

protected within blocks and transparent through the blockchain platform, whereas cloud 

computing offers the fundamental setting for extreme data availability. 

 

This triadic approach answers the contemporary problems of the healthcare industry, including 

the division of data, the problems of compatibility, and the problems of privacy. Another aspect 

is that with the help of blockchain a patient’s data is decentralized and thus there are fewer 

chances for an unauthorized access of a patient’s data. With appropriate security on the data, 

AI analysis on this big data provides prognostic analytics to guide the treatment plans of 

patients and the preventive measures required on other patients. In the meantime, cloud 

technology sustains the system’s growth and financially intelligent pricing, as it can store and 

process a seemingly inexhaustible amount of data without local hardware and software. 

 

The paper also explains some of the problems such as computation constraints, legal 

considerations, and the challenges arising due to merging of these various systems. Hence, the 

following research directions are recommended by Tatineni as a way forward to technology 

development that will address these barriers in the future to ensure that a robust, effective, and 
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sensitive method of healthcare data management is established. With this model it is possible 

to redefine the approach to the handling of patient data towards more secure and more data-

oriented solutions. 

 

(Paripati et al., 2021) [6], looks into how using blockchain technology can help in assuring data 

integrity in AI applications through distributed and immutable methods of data storage and 

computing. As everyone knows, there are many problems that sting the use of large amounts 

of influencing data in AI decision-making, including the reliability of data sources. In this 

paper, by leveraging the advantages of transparency, auditability and smart contract functions 

of blockchain, blockchain is proposed to verify the legitimacy of the source of data in AI. The 

key examples of suggested applications mentioned are healthcare and finance, maintaining data 

credibility, etc.; however, the paper also points to the issues with the growth rate and 

computational expenses regarding blockchain application. 

 

(Hellani et al., 2021) [7], discusses the importance of data transparency in supply chain systems 

today, and the way blockchain approach can be used to strengthen it. The authors underscore, 

however, that even though blockchain is intended to offer full disclosure and enhance the 

exchange of information, its very construction poses risks to confidentiality from the vantage 

of the participants within the market. 

 

Based on the work, several issues and conditions for attaining proper kinds of transparency into 

the supply chain are discussed, notably emphasising an appropriate balance between supply 

chain transparency and protection of the sensitive information. The authors discuss and 

describe several supply chain initiatives that include blockchain to investigate how such 

projects approach data transparency challenges. They describe how these projects use 

technology to adapt transparency to meet the requirements of various users. 

 

The learning from using blockchain technology reveal that, while the information sharing 

among supply chain partners can be enhanced through the improvement of trust and 

cooperation, significant improvements are required to meet the challenge of privacy and 

restricted access to sensitive information. The paper therefore recommends for more research 

to be done to find ways that enable an organization to achieve data openness while at the same 

time maintaining partner’s operational secrecy in the supply chain network. 

 

3. Methodology 

 

3.1 Theoretical Framework for Integration 

 

Blockchain in data science provides a strong theoretical base solution to the key problems of 

integrity, security and privacy of the data. Two sub-processes are critical in this integration; 

these are Data Storage and Processing. Compared to the regular database where it stores data, 

the blockchain concept is decentralized, unlike being breached like other common database 

systems. This in a way also helps to ensure data backup across nodes so that in the event of an 

attack data can be protected from being altered. The concepts illustrated by block chain also 

provide the data scientist with a way to achieve the ability to have a verifiable dataset whilst 

keeping the totality of the province’s data intact. 
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Privacy and Data Ownership are core issues for data science in the context of sensitive data. 

By employing blockchain, users retain their data and control who has access and who does not 

through access sharing. Despite the several limitations, it is argued that smart contracts make 

it possible for users to place restrictions as to when their data may be accessed or analysed 

thereby increasing user trust and the resultant compliance with data privacy laws. 

 

Security and Integrity also get more support from blockchain benefits of immutability. When 

data is entered into the system it is fixed on the blockchain and can only be changed with the 

consensus of the network, thus providing data integrity. This is important in industry areas such 

as health and financial services, where information precision is of considerable significance. 

Further, blockchain can foster Data Provenance and Traceability, which in turn would provide 

the history of change and usage of data by various organizations. This feature is particularly 

useful for audits and use cases in industries with rigid data governance guidelines. 

 

3.2 Proposed Framework for Blockchain enabled Data Science  

 

The proposed framework for integrating blockchain with data science comprises three essential 

layers: The Data Layer, The Model Layer, and The Consensus Layer. 

 

1. Data Layer: This foundational layer is directed towards the need of safely storing and 

retrieving raw data within the blockchain. It supports data upload and the data is secured 

through encryption and hashing methods are used to make the data secure. The layer 

decentralises data storage to improve the security and data integrity which allow a data scientist 

to access a credible data set. 

 

2. Model Layer: This layer connects the actual smart contracts, the analytical models of the 

data that resides in the blockchain and machine learning algorithms that can mine this data. 

One can use federation learning whereby the models are trained on different decentralized data 

sources without the need to share data. This retains security of information while not veiling 

useful information at the same time. 

 

3. Consensus Layer: Thus, guaranteeing the data’s origin and the data’s purity, this layer 

employs consensus algorithms, such as Proof of Work or Proof of Stake, to confirm all the 

transactions and other records in the blockchain. The process hereby developed makes it 

impossible for any third party to tamper with the data as it instils confidence among the 

stakeholders. 

 

The major components of the proposed framework are Secure Data Sharing, Data Provenance, 

and Model Privacy mechanisms that provide the enforceability of the desired access control 

policies and keep privacy-sensitive data safe through the steps of the analysis process. From 

the above synthesis of the studies, this comprehensive framework provides a sound and 

integrated structure for secure, efficient, and effective Data Analytics in different applications. 
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Fig 2. Framework for Blockchain enabled Data Science 

 

4. Results 

The combined model of blockchain with data science yields certain important findings for 

secure and scalable data analytics. First, blockchain enables to have an unwritable historic 

record for data that can be trusted during the analytical steps. This build faith in figures besides 

ensuring that decision-making is not arbitrary. Second, since blockchain is a distributed 

database there is an enhanced feature and security of data with the user’s experiencing privacy 

more than in a traditional data management system since they can share their data but at the 

same time have permission to access their data. 

 

Also, the decentralised structure of such ledger as blockchain enables tracking of the data 

source and changes in their ownership, which is necessary for audits. It is especially valuable 

in industries such as health services and logistics since data preciseness and responsibility 

matter significantly. 

 

5. Conclusion 

 

In conclusion, the integration of blockchain technology with data science offers transformative 

potential for secure and scalable data analytics. By leveraging blockchain’s immutable and 

decentralized nature, organizations can enhance data integrity, foster transparency, and protect 

user privacy. The proposed framework outlines a structured approach to combine these two 

fields, enabling secure data sharing, traceability, and provenance, which are essential for 

maintaining trust in data-driven decision-making processes. 

 

Despite the numerous benefits, challenges such as scalability, processing speed, and 

interoperability must be addressed to facilitate widespread adoption. The future of this 

integration lies in optimizing blockchain protocols to support real-time analytics and ensuring 

compatibility with existing data systems. As industries increasingly prioritize data security and 

transparency, the synergy between blockchain and data science will be critical in addressing 

these demands. 

 

Further research is essential to refine this integration, exploring innovative applications across 

various sectors, including healthcare, finance, and supply chain management. Ultimately, the 

combination of blockchain and data science holds the promise of creating more resilient, 
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secure, and efficient data ecosystems, paving the way for enhanced insights and improved 

outcomes in an increasingly data-driven world. 

 

References 

 

[1] Tharuka Rupasinghe, Frada Burstein, Carsten Rudolph "Blockchain based Dynamic Patient 

Consent: A Privacy-Preserving Data Acquisition Architecture for Clinical Data Analytics", 

Fortieth International Conference on Information Systems, Munich 2019. 

[2] Dimitris Mourtzis, John Angelopoulos, Nikos Panopoulos, "Blockchain Integration in the 

Era of Industrial Metaverse", Appl. Sci. 2023, 13, 1353. https://doi.org/10.3390/app13031353. 

[3] Hossein Hassani, Xu Huang, Emmanuel Silva "Big-Crypto: Big Data, Blockchain and 

Cryptocurrency", Big Data Cogn. Comput. 2018, 2, 34; doi:10.3390/bdcc2040034. 

[4] Yasir Afaq, Ankush Manocha "Blockchain and Deep Learning Integration for Various 

Application: A Review", Journal of Computer Information Systems, 2023. 

[5] Sumanth Tatineni, "Integrating AI, Blockchain and Cloud Technologies for Data 

Management in Healthcare", Journal of Computer Engineering and Technology (JCET) 

Volume 5, Issue 01, Jan-Dec 2022. 

[6] Lohith Paripati, Nitin Prasad, Jigar Shah, Narendra Narukulla, Venudhar Rao Hajari, "Block 

Chain-enabled Data Analytics for Ensuring Data Integrity and Trust in AI Systems", ESP 

Journal of Engineering & Technology Advancements ISSN: 2583-2646 / Volume 1 Issue 2, 

December 2021 / Page No: 85-93. 

[7] Houssein Hellani, Layth Sliman, Abed Ellatif Samhat, Ernesto Exposito “On Blockchain 

Integration with Supply Chain: Overview on Data Transparency”, Logistics 2021, 5, 46. 

https://doi.org/10.3390/ logistics5030046. 

 
 

https://samagracs.com/samagracs-publication/

