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I. INTRODUCTION 
Originally devised for Bitcoin, blockchain technology has undergone remarkable development and is 

now considered for multiple applications in various fields. Its reliability, security, and unchangeable 
characteristics makes it particularly useful for industries where maintaining data accuracy, visibility, and 
security is fundamental. Blockchain technology has did not achieved widely adopted technology in financial 
transactions. However, it’s used over the past decade has rapidly transformed healthcare, supply chain 
management, finance, and government services which reshaped the interaction between people and digital 
systems. This introduction highlights the remarkable changes made in blockchain technology and its 
transformative impact across various sectors, focusing on its disruptive implications as well as the challenges 
encountered for broad adoption. 

Blockchain relies on a principle called distributed ledger technology (DLT) that stores transactional 
data of users in a secure way that can be viewed by everyone while also preventing anyone from tampering 

Abstract 
The purpose of the study is to assess particular blockchain 
applications in supply chain management, healthcare, and finance to 
determine their transformational benefits and potential issues across 
various industries. This investigation is defined by a specific question: 
what are the impacts of blockchain on transparency, security, and 
efficiency of operations, considering the impediments to its adoption? 
The methods in the study are quantitative, and the primary data was 
obtained using a formal structured online survey through Google 
Forms and Survey Monkey. Three hundred and fifty professionals 
from the technology, finance, and supply chain domains formed the 
sample. The survey solicited opinions regarding the impact of 
blockchain, barriers to adoption, and organizational willingness to 
embrace blockchain technology. For quantitative data analysis, 
statistical packages SPSS and R were utilized while Excel was used 
for creating charts and diagrams for easy interpretation. Findings of 
the study indicate that efficiency and transparency in supply chain 
management and healthcare are two sectors where blockchain 
technology promise great value. Still, its adoption is hindered by 
serious constraints such as technical scalability, regulatory 
ambiguity, and insufficient expertise. In addition, emerging 
technologies like Artificial Intelligence (AI) and the Internet of Things 
(IoT) are identified as critical in increasing blockchain scalability and 
efficiency as well. This research helps understand the present stage of 
blockchain technology adoption, discussing its revolutionary 
possibilities alongside the practical challenges that organizations 
confront. This research adds to existing knowledge regarding the 
effects of blockchain technology on various sectors and also proposes 
solutions to adoption hurdles, helping organizations use blockchain 
technology for growth. 
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with the data. Unlike traditional databases that depend on a single authority for transaction verification and 
control, a blockchain is based on a peer-to-peer system where many participants validate and keep the data 
[2]. Transactions or records in the blockchain are stored as a sequence of timestamps connecting with the 
previous block, thus creating a time chain that cannot be modified without the agreement from most users on 
the network. Blockchain provides a great level of trust among active participants which in turn decreases the 
use of intermediaries greatly increasing the efficiency of transactions [3]. 

Numerous industries, which have relied on trust blockchain technology offer for security, are 
transforming due to its transparency capabilities [10]. Peer to peer transactions are possible as there is no need 
for intermediary banks owing to the adoption of blockchain technology in the banking sector [12]. The 
financial world has seen the emergence of cryptocurrencies like Bitcoin and Ethereum, but blockchain 
technology stretches beyond that, enabling the development of decentralized finance (DeFi)—a system which 
aims to replicate traditional financial services (lending, borrowing, and insurances) without central authorities 
[4]. DeFi platforms utilize smart contracts—the self-executing contracts containing stipulations that act upon 
outlined conditions—ensuring transactions take place once predetermined criteria are satisfied. These 
platforms have rapidly augmented, giving users access to more affordable financial services compared to 
traditional banking [5]. 

Blockchain has provided great potential solutions to the problems concerning transparency, efficiency, 
and traceability in supply chain management. With traditional supply chains, there is usually a lack of 
transparency due to numerous frauds and intermediaries from the manufacturers to the consumers [6]. This 
missing element of transparency may result in inefficiency, tracking fraud, and difficulties upholding the 
accuracy of various products [9]. Blockchain technology can solve these problems by incorporating a 
verifiable and transparent ledger of all transactions and steps taken in a supply chain, where all participants 
are able to trace the movement of goods in real-time [11]. Companies like IBM and Maersk have already 
developed blockchain-based platforms that promote visibility in global supply chains to minimize fraud and 
improve the efficacy and trust among stakeholders. [7], [39]. 

Improvements in healthcare utilizing blockchain technology include the protection of patients’ 
sensitive information, improvement in the interoperability of the health information systems, and supply chain 
management of medical consumables [13]. Every healthcare institution grapples with critical issues regarding 
the level of privacy and security of the stored patient information, as well as the efficient exchange of patient 
information between different systems and organizations [1]. Because of the need to maintain the integrity 
and confidentiality of medical records, blockchain technology enables capturing and storing patient records 
in a secure and transparent manner. It permits healthcare practitioners to delegate greater authority over health 
data to patients while enabling relevant medical personnel to access the necessary information immediately. 
Furthermore, the technology helps in tracking the origin of pharmaceuticals to prevent counterfeiting and 
ensure safe delivery of the medication to patients [8], [40]. 

In addition to these applications, blockchain is being used in a variety of other areas. In voting systems, 
blockchain could facilitate the development of secure and transparent electoral systems that could reduce voter 
fraud and increase trust in democracy [14]. Likewise, blockchain can be used for managing digital identities 
by allowing individuals to securely control their information while providing access to government services, 
financial institutions, and healthcare systems. In addition, blockchain is being utilized in the management of 
intellectual property rights where creators can protect their works and ensure payment for its use [15], [41]. 

As stated, adoption of blockchain technology has the most potential when it comes to consumer 
purposes but is blighted by challenges. Scalability remains one of the most glaring problems with the 
technology [16]. Proof of Work (PoW) based blockchain networks, for example, are notoriously slow and 
cumbersome in computational requirement which makes it unfeasible for throughput systems. This means that 
blockchains will be unable to cost-effectively manage a high volume of transactions within a given time limit. 
Take, for instance, Bitcoin's blockchain which is criticized for its sluggish transaction processing and 
exorbitant energy consumption. Thankfully, though, there is ongoing research regarding more eco-friendly 
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consensus algorithms like Proof of Stake (PoS) and also second layer solutions like the Lightning Network 
which intends to reduce transaction speed and cost [17]. 

Another difficulty is the lack of regulations. Since blockchain is operated in a decentralized manner, 
it makes it hard for governments and regulators to monitor and control it. In the case of the financial industry, 
the emergence of cryptocurrencies has created new challenges for the prevention of money laundering, tax 
evasion, and consumer loyalty protection [18]. While some nations have welcomed blockchain and 
cryptocurrencies by providing legal frameworks that are supportive, others have placed a complete ban or 
strict regulation on their use. The absence of a well-defined and uniform global regulatory framework still 
stands as an obstacle to the universal acceptance of blockchain technology [19]. As blockchain technology 
continues to innovations, it is important for governments to put in place appropriate legislation that shelter 
consumers, but at the same time encourage innovation. 

Moreover, blockchain technology has not been around for long, meaning that many organizations do 
not possess the technical know how to operate and maintain the systems that are blockchain based. More 
curricular and extracurricular programs are needed to furnish skills in both the public and private domains. 
Other issues stem from the fact that many businesses have legacy systems that block the integration of 
blockchain. The installation of new systems and the modification of previously existing workflows pose 
barriers for most institutions that wish to jump onto the blockchain bandwagon [20]. 

To summarize, blockchain technology has evolved its features since inception, with a clear emphasis 
on having transformative prospects for virtually every industry. It is having a noteworthy effect on business 
operations and consumer interactions within digital ecosystems for healthcare, finance, and supply chain 
management. Nevertheless, the technology still faces issues pertaining to regulatory ambiguity, technical 
mastery, and scalability. If these problems can be resolved, blockchain could greatly enhance economic 
productivity by offering more secure, less expensive, and efficient means of managing data and transactions; 
ultimately improving trust-founding transparency. Its adoption has the capability to change entire industries 
as well as consumer behavior in digitized environments. Indeed, blockchain technology is on the rise. 
A. Problem Statement 

The emerging of Blockchain technology aims to change industries for the better in its usages 
considering its operational security, transparency, efficiency, and overall accuracy. However, many barriers 
hinder the widespread adoption of its usage, including issues related to integration with other systems at use, 
scalability, complex integration with existing systems, and everchanging regulations. Furthermore, without 
adequate professional knowledge, blockchain implementation becomes considerably more difficult and costly, 
presenting barriers for willing organizations. This research intends to delve into the mentioned challenges 
alongside the transformative blockchains offer across diverse sectors, especially around its effects in supply 
chain management. 
B.  Objective of the Study 

1. To evaluate the potential benefits and challenges of implementing blockchain technology in various 
industries, with a focus on supply chain management. 

2. To assess the readiness of organizations to adopt blockchain technology, including infrastructure, 
technical expertise, and regulatory frameworks. 

3. To explore the transformative applications of blockchain in enhancing transparency, security, and 
operational efficiency across sectors such as finance, healthcare, and supply chain management. 
 

II. LITERATURE REVIEW 
Blockchain technology first surfaced as the primary infrastructure for cryptocurrencies like Bitcoin, 

but has since drawn attention from various industries. Its applications now encompass healthcare, finance, 
intellectual property, government and supply chain management. This literature review intends to analyze 
recent developments in blockchain technology, exploring how the technology is applied and its impact in 
enhancing transparency, security, and efficiency in vital industries. 
A. Blockchain Technology: Key Concepts and Advancements 



 

 

JOURNAL OF ENGINEERING AND COMPUTATIONAL 
INTELLIGENCE REVIEW (JECIR) 

 
Volume 3, Issue 1, 2025 

https://jecir.com/ 

Title: Advancements and Transformative Applications of Blockchain Technology 

 

39 

Blockchain is a type of technology known as a distributed ledger technology (DLT) that captures and 
maintains records of events or transactions in a safe, clear, and permanent way. Because of the decentralized 
characteristics of blockchain, intermediaries such as banks aren't needed any longer and secure and 
authenticated peer-to-peer transactions are possible. Every block in the blockchain has a record of a transaction 
that is done and is linked to the previous block, creating a chain. Once a transaction is made in the blockchain, 
it’s near impossible to change it without the agreement of all or most within the network [21]. 

It is now more than a decade since blockchain was first proposed and there is tremendous progress in 
its usability.. The initial worries of issues around scalability and the energy required to be used, especially on 
proof-of-work consensus mechanism, were innovative and led with the development of proof-of-stake model 
that needs less computing [22]. Moreover, the invention of smart contracts - contracts that self-execute when 
certain conditions are met - made it possible to implement control over processes and transactions without 
third parties, hence improving an organization’s efficiency [23]. With the emergence of blockchain-based 
systems like Ethereum, the ability to create decentralized applications (dApps) became possible, enabling the 
use of blockchain technology for more than just simple transactions. 
B. Blockchain in Supply Chain Management 

The use of technology, especially blockchain, for encouraging supply chain management (SCM) has 
one of the greatest potentials. Existing supply chains are often inefficient and are prone to fraud while also 
lacking transparency. Blockchain provides relief. It is secure, transparent, immutable, fraud resistant and has 
a record of transactions that is accessible for everyone’s viewing. Enhancing transparency and the ability to 
trace products in supply chains such as luxury goods, food and pharmaceuticals is essential as consumers 
nowadays require true validation regarding the product’s origin and its authenticity [24]. 

To ensure safety value checked protocols blockchain greatly allows products to be tracked from farm 
all the way to the market in real time thereby ensuring safety compliance with minimum standards in food 
quality. Walmart and IBM have teamed up to create a blockchain based platform to trace food items in the 
supply chain which allows for rapid response and enhances food security [25].  [26] mentions that blockchain 
is extremely useful in the tracking and tracing of pharmaceutical products to help solve the problem of 
counterfeit drugs. The prospect of blockchain in supply chains include curbing frauds, lowering costs, 
enhancing efficiency when it comes to managing orders and inventory. 
C. Blockchain in Healthcare 

Similarly, blockchain technology has been identified as revolutionary in the healthcare industry. There 
are several issues for the healthcare industry regarding the security and privacy of the data, interoperability, 
and patients [38]. One of the series of problems in healthcare is solved by blockchain’s ability to store data 
transparently and untraceably. The most important use of blockchain in healthcare is in securing electronic 
health records (EHRs). Patient data can be stored at one place while being decentralized through blockchain 
allowing the patients to have control over their information [27].   

Also, blockchain is involved in the medical supply chain where it is used to track and authenticate 
medical devices and intraocular lenses. This application is particularly relevant in combating the global 
problem of counterfeit medicines which is a worrying problem in both developed and developing nations [28]. 
Moreover, blockchain facilitates the secure and transparent sharing of data between healthcare providers, 
researchers, and patients, thereby enhancing medical research, while significantly reducing the chances of data 
breaches. 
D. Blockchain in Finance: The Rise of Decentralized Finance (DeFi) 

Without a doubt, the surge of cryptocurrencies and decentralized finance (DeFi) mark some of the 
most significant milestones in the financial sector pertaining to blockchain’s impact. Bitcoin, as we all know, 
is the first and foremost cryptocurrency which uses blockchain technology to allow users to conduct peer-to-
peer transactions without a bank acting as a middle man. The decentralized structure of cryptocurrencies 
provides many benefits including reducing the transaction costs, faster payment processing for cross-border 
transactions, and increased access to finance for unbanked individuals [29].   
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The importance of blockchain in financing is not limited to cryptocurrencies. It also covers the broad 
aspect of DeFi, which aspires to replicate the lending, borrowing, and insuring functions of mainstream finance 
but does not feature any middle man. DeFi platforms utilize smart contracts to execute, automate, and widen 
access to financial transactions beyond traditional boundaries. According [30] finances are made accessible 
to all, and thus defying discrimination within socio-economic realms with DeFi offering low-cost services in 
a more transparent and efficient manner. Still, issues about regulatory compliance, security, and scalability 
hinder the more common use of DeFi platforms. 
E. Blockchain in Governance and Voting Systems 

The implementation of Blockchain technology within the governance and voting systems appears quite 
beneficial.A common threat to democracy is the presence of manipulative and fraudulent voting systems 
which are inefficient and decrease public trust. This is where blockchain shines, presenting solutions to issues 
of trust, fraud, and transparency through its immutable records of votes. The adoption of blockchain within 
the electoral systems enhances public trust by providing systems to maintain transparency, accountability, and 
safety to eliminate the chances of election fraud [31]. 

Furthermore, citizens and individuals can create self-sovereign digital identities without the 
involvement of central authorities. Such decentralization of identity allows the use of blockchain to make 
services more accessible while controlling identity theft and enhancing transparency within government 
actions. Various countries are considering such advanced techniques like Estonia which applies it for e-
residency and applies blockchain for digital signatures [32]. 
F. Challenges and Limitations of Blockchain Adoption 

Aside from the constituent components of blockchain technology’s revolutionary promise and vast 
potential, it's integration into different fields has still proven to be very difficult. One of the very first 
weaknesses is scalability. Blockchain networks, especially those which utilize proof-of-work consensus 
methods, have a problem with the timely and cost-effective fulfillment of high transaction request volumes. 
Bitcoin and Ethereum, for instance, have drawn public critique around the sluggish speed at which they 
process transactions and the excessive energy they use.” [33]. Alternative consensus techniques like proof-of-
stake and second-layer solutions, such as the Lightning Network, have been developed in attempts to resolve 
these issues alongside the increase of transaction cost reduction efforts.” [34]. 

One more barrier includes regulatory ambiguity. The combination of DeFi with blockchain technology 
creates a robust decentralized framework, but brings in issues of money laundering, tax evasion, and consumer 
rights without central frameworks governing currency that holds the system together. With blockchaining 
technology's lack of a clearly defined supervisory framework, there emerges a constriction towards 
integration, especially within the financial industry.” [35]. There are still numerous regions trying to figure 
out how to govern blockchain technologies which creates hesitation for various implementing organizations 
lacking clear instructions [37]. 
G. Future Directions 

After reviewing the technology and its relation to other innovations like AI, big data, and IoT, it is 
clear that innovation is in progress and scaling, security, and regulatory compliance issues will be solved. 
Moreover, the possibilities of integrating blockchain technology are astonishing and broaden its application 
across different industries, which magnifies future potential. Additionally, the immense value of blockchain 
technology provides secure and transparent record-keeping makes its adoption inevitable in finance, supply 
chain management, and healthcare [36]. 

Adapting scalability alongside regulatory compliance will further blockchain's maturity and adoption 
rate across industries. Speeding up the shift towards a digitally controlled environment alters and increases 
business and personal interactions, improving systemic efficiency, transparency, and reducing costs in the 
process while digitally transforming industries across the globe. 

III. METHODOLOGY 
This study implements a quantitative methodology to analyze the changes brought by blockchain 

technology on supply chain management, finance, and healthcare. The data for this study is gathered through 
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a formal self-administered questionnaire shared online through Google Forms or Survey Monkey. The sample 
includes 350 respondents who work in Information Technology, Finance, and Supply Chain to ensure that the 
participants have adequate knowledge and experience in areas where the application of blockchain technology 
could be highly advantageous. 

The survey is structured to include questions regarding perceptions, barriers, and level of readiness 
related to a blockchain technology integration. The data from the respondents will be analyzed using statistical 
packages SPSS or R which offer advanced hypothesis testing capabilities such as correlation, regression, and 
factor analysis. For data representation, Microsoft Excel will be employed to create visual data representation 
including bar charts, pie charts, heatmaps, and donut charts. These representations will enable a better 
understanding of the degree of data distribution, trends, and insights. For example, respondents’ opinions 
including interoperability, and scalability solutions as well as emerging technologies like AI/ML and IoT will 
be assessed regarding their significance in enhancing blockchain, paying special attention to correlations 
between industry sectors and their level of acceptance of blockchain technology. 

The method focuses on ensuring the privacy of the data by anonymizing responses. Participants are 
guaranteed that their personal identification details will be kept confidential and that their input will only be 
utilized for academic purposes. This study's quantitative approach facilitates the objectivity of analysis while 
detailing the adoption framework of blockchain technology and serving as a valuable evaluation of the 
challenges and prospects associated with blockchain technology in the chosen sectors. In this way, the research 
seeks to develop practical recommendations that will help organizations meet the challenges of adopting 
blockchain technology and improve their standing in the digital environment. 

 
IV. DATA ANALYSIS 

Understanding data analysis requires insight into its core definition – a methodical approach to 
observing as well as cleaning data, shaping it appropriately, and devising it into a format that can provide 
value as well as support decisions. Understanding data trends is another crucial factor that can be efficiently 
determined through data analysis. In order to facilitate data trends, one must utilize machine learning, 
algorithmic strategy, as well as statistics to a well defined set of organized data or, if needed, even a jumble 
of disorganized schemas. 

 
Figure No. 1 Primary role of the Respondent 
 

The information provided shows the distribution of respondents per primary roles and handles a total 
of 350 users. Enterprise IT Manager was the most common role with 105 respondents, which is also 30% of 
the total respondents. This indicates that a good number of the respondents are engaged in managerial positions 
in IT, which suggests an emphasis on IT management skills or responsibilities in the data set. 
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Following is the role of Blockchain Developer, which along with Supply Chain Professional make 
20% of the responses or 70 individuals in each role. These percent’s strongly indicate interest in both, the 
technology-oriented field of blockchain development and the logistics-oriented sub-field of supply chain 
management. Both fields are critical in today’s fast pacing world of technology and business. 

Financial Services Expert and Academic Researcher shared the remaining 10 percent of the 
respondents, which is 35 individuals per role. This represents a modest coverage of both, the financial services 
industry as well as the academic research world, indicating that these roles, while significant, are less common 
than other cited managerial or technical roles. 

The functions of Government/Regulator and Other received the least responses, 21 (6%) and 14 (4%) 
respectively. The lower response rate for government and regulatory roles may indicate these positions are 
more specialized, whereas “Other,” although a lesser focus, holds a range of functions not explicitly outlined 
by the given categories. 

To recapitulate, the information illustrates the overwhelming presence of respondents employed in IT 
management versus blockchain development, and to a lesser extent, supply chain, finance, and academia. The 
comparatively lower response rates from other government and non-profit roles may indicate that the survey 
is more applicable to the technology and business domains rather than regulatory or ancillary functions. 
 

 
Figure No. 2 Year of Experience the respondents 

Figure No.2  highlights the corresponding years of experience of the respondents which encompasses 
a total of 350 people. Most of the respondents, 140 people or (40%), are within the range of 1-3 years of 
experience. This indicates that a good number of respondents seem to be at the beginning stage of their career 
and are likely to have immense potential coupled with new ideas and skills, especially in fields like technology 
and business. 

Furthermore, 105 respondents (30%) fall within the 3-5 years of experience range, indicating a strong 
cohort of professionals that are well entrenched into their careers and almost certainly have a robust industry 
background and practical exposure. Most of the people in this category usually transition from the 
developmental stages to more advanced specialized or leadership roles.  

56 respondents or (16%) represent the least experienced group with one year of experience. Although 
this is a lower proportion, it still reflects a considerable fraction of people who stand to be more at the start of 
their career and are learning the basic concepts of their class and industry. 
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Lastly, 49 respondents (14%) have more than 5 years of experience. This percentage is small, but it is 
reasonable to assume that these people are experienced and probably occupying senior positions or have deep 
expertise in their fields. 

To conclude, the evidence suggests that the majority of respondents are at the early stages of their 
career life, sharply indicating that most of them are in the range of 1 to 3 years of experience. Even though 
there are some experienced professionals within the data, there is a higher concentration of less experienced 
workers which indicates that the survey is targeting a younger, energetic workforce who are still building their 
careers. 

Blockchain Adoption in my Industry is Accelerating 

 
 

Figure No. 3 Blockchain adoption in my industry is accelerating 
 
In analyzing blockchain adoption perceptions in the previous survey, respondents’ opinions were 

grouped using a Likert scale. These results have dispersion across the entire scale, albeit with some important 
patterns.   

105 respondents (30%) chose the Neutral option, which captures quite a large subset of people who 
neither support nor oppose the statement. This demonstrates that many people may be uncertain about the 
pace of growth of blockchain technology in their industry, or think that change happens at a moderate pace.   

There is an almost equal distribution of responses reflecting clients’ acceptance or rejection of the 
statement. 56 respondents (16%) strongly agree that there is increase in rate of adoption of blockchain, and 
105 respondents (30%) agree with the statement. This means that 46% of the respondents believe that there is 
accelerated adoption of blockchain technology in their industries. The responses also indicate that there is 
optimism regarding the use of blockchain technology, possibly because of the increasing perception about its 
application to improve operational efficiency, transparency, and security across industries. 

Likewise, 35 individuals (10%) indicated that they ‘strongly disagree’, and 49 respondents (14%) 
reported that they ‘disagree’. This still resonates with a smaller yet notable portion of individuals who think 
that blockchain adoption is not moving fast in their particular industry. These individuals may cite reasons 
such as absence of adequate infrastructure, regulatory issues, or gradual integration within the specific domain, 
which causes doubts regarding the adoption rate of the technology.   

In conclusion, the data demonstrates that there is positive outlook regarding the speed of blockchain 
adoption, as a large portion of participants in the study agreed or stayed neutral. There, however, some people 
still exist who either feel unconvinced or believe that blockchain integration into their sector is slower than 
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anticipated. This indicates that although blockchain technology is considered valuable, its broad acceptance 
is expected to encounter hurdles in some industries. 

Top Sectors Benefiting from Blockchain (Top 3 Selected) 

 
Figure No. 4 Top Sectors Benefiting from Blockchain 
In analyzing blockchain adoption perceptions in the previous survey, respondents’ opinions were 

grouped using a Likert scale. These results have dispersion across the entire scale, albeit with some important 
patterns.   

105 respondents (30%) chose the Neutral option, which captures quite a large subset of people who 
neither support nor oppose the statement. This demonstrates that many people may be uncertain about the 
pace of growth of blockchain technology in their industry, or think that change happens at a moderate pace.   

There is an almost equal distribution of responses reflecting clients’ acceptance or rejection of the 
statement. 56 respondents (16%) strongly agree that there is increase in rate of adoption of blockchain, and 
105 respondents (30%) agree with the statement. This means that 46% of the respondents believe that there is 
accelerated adoption of blockchain technology in their industries. The responses also indicate that there is 
optimism regarding the use of blockchain technology, possibly because of the increasing perception about its 
application to improve operational efficiency, transparency, and security across industries. 

Likewise, 35 individuals (10%) indicated that they ‘strongly disagree’, and 49 respondents (14%) 
reported that they ‘disagree’. This still resonates with a smaller yet notable portion of individuals who think 
that blockchain adoption is not moving fast in their particular industry. These individuals may cite reasons 
such as absence of adequate infrastructure, regulatory issues, or gradual integration within the specific domain, 
which causes doubts regarding the adoption rate of the technology.   

In conclusion, the data demonstrates that there is positive outlook regarding the speed of blockchain 
adoption, as a large portion of participants in the study agreed or stayed neutral. There, however, some people 
still exist who either feel unconvinced or believe that blockchain integration into their sector is slower than 
anticipated. This indicates that although blockchain technology is considered valuable, its broad acceptance 
is expected to encounter hurdles in some industries. 

TABLE NO. 1 
MOST PROMISING SCALABILITY SOLUTION 

Solution Frequency Percentage 
Layer-2 (e.g., Polygon) 140 40% 
Sharding (e.g., Ethereum 2.0) 105 30% 
Alternative Consensus 70 20% 
Other 35 10% 
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Table 1 outlines the most notable promising scalability solutions for blockchain technology, as 
recorded in the frequency and percentage responses. Layer-2 solutions like Polygon continued to be the most 
preferred options, commanding 40% of the responses. This suggests an overwhelming consensus on the 
effectiveness of these solutions in increasing transactions while safeguarding the main blockchain. Serving 
close behind is Sharding, which accounted for 30% of responses, illustrating its pronounced capability to boost 
scalability by fracturing the blockchain into smaller units. Alternate Consensus Mechanisms are popular 
among 20% of the respondents, signaling growing interest in non–proof–of–work or non–proof–of–stake 
methods toward consensus. Lastly are “Other” solutions from 10% of participants which could represent other 
emerging or niche scalability solutions not clearly defined by the categories given. This type of distribution 
appears to heavily favor Layer-2 and Sharding, but still suggests significant interest in methods of enhancing 
blockchain scalability. 

TABLE NO. 2 
IMPORTANCE OF INTEROPERABILITY 

Rating Interpretation Frequency Percentage 
1 Not Important 21 6% 
2 Slightly Important 35 10% 

3 Moderately Important 105 30% 
4 Very Important 105 30% 
5 Essential 84 24% 

 
The current table number two [2] is the first one containing data on respondent’s perception of 

importance of interoperability on a blockchain technology which shows varying degrees of perceived 
importance. 30% of respondents claim that’s it is “Moderately Important” while another 30% said “Very 
Important,” which shows the responsiveness of the majority considering overlap as an important aspect for 
blockchain systems. Moreover, 24% deemed it “Essential”, marking consensus regarding the importance to 
ability of different blockchains to interact and communicate with each other. On the lower side, only 6% of 
respondents declared interoperability as “Not Important” while 10% rated it “Slightly Important”. This paints 
a picture that only a handful of respondents is given limited attention to this dimension. That said, the statistics 
is suggestive of the common belief that interoperability as a factor is critical for universal acceptance and 
growth of blockchain technologies. 

 

 
Figure No. 5 Challenges & Barriers 
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The data in Figure 5 shows the most significant barriers towards the adoption of a particular technology 
in survey responses as well as in-depth analysis. “Regulatory Uncertainty” is the single biggest challenge 
according to 36% of respondents which translates to over a third. This demonstrates that control and 
governance mechanisms are fundamentally problematic for prospective users in utilizing the technology. 
Following this “High Implementation Costs” is also a prominent sore issue to 30% of respondents. This 
implies that the capital outlay needed to use the technology has significance for its adoption as well. Next 
comes “Lack of Technical Expertise” is third in line accounting for 20% of responses, demonstrating a 
deficiency of adequately trained personnel capable of supporting and maintaining the technology. Those 
identifying “Scalability Issues” account for 10%, underlining problems associated with scale efficiency of the 
technology. Lastly, “Security Concerns” is the least relevant challenge at only 4% of respondents 
characterizing it as a major obstacle, demonstrating that while most people would not associate adopting 
technology with security, it is a relatively important component. In summary, it appears that other than the 
secondary and tertiary challenges, regulatory issues, finances, and technology are the principal impediments 
or adopters. 
Severity of Challenges *(Average Rating: 1=Low, 5=High)* 

Table No. 3 
Severity of Challenges 

Challenge Avg. Rating 
Energy Consumption 4.2 
Data Privacy Compliance 3.8 

 
The information given depicts the severity of difficulty associated with the adoption of a particular 

technology in the eyes of the respondents. The challenge “Energy Consumption” remains at the top of the list 
with an average rating of 4.2 out of 5 which means that in the eyes of the adopters of the technology, it is 
regarded as a very high priority issue. This implies that the energy requirements associated with the technology 
may limit its widespread adoption. Conversely, Data Privacy Compliance” rates somewhat lower with an 
average score of 3.8, which means that while it is still regarded as a serious issue, is not considered as critically 
severe as is energy consumption. Yet, the reason for concern is that, even in this technologically driven era, 
adherence to data privacy regulations is mandatory and failure to do so may undermine the confidence and 
acceptance of the advanced technology. In summary, both and electric energy are considered to be important, 
while energy consumption is regarded as more urgent. 

Table No. 4 
Time to Mainstream Adoption 

Timeline Frequency Percentage 
Already Mainstream 35 10% 
Within 2 Years 70 20% 
2–5 Years 140 40% 
5–10 Years 70 20% 
Never 35 10% 

 
The information in table 4 shows the projected timeline for technological adoption, and it bases the 

timeline on the expectations of the respondents. As described in the table, a notable 40% portion estimates 
that the technology will go mainstream within the next 2 to 5 years, suggesting that optimism regarding the 
adoption timeframe is on the rise. Another 20% thinks that the technology will be adopted within the next 2 
years, demonstrating an even more optimistic outlook. On the other hand, 20% of the respondents thinks that 
they will reach the mainstream level within 5 to 10 years, indicating that some people are expecting a bit more 
time before the technology adoption becomes widespread. It is somewhat surprising that 10% of respondents 
think that the technology is already mainstream which suggests that it is catching up in some parts of certain 
industries or regions. Furthermore, 10% of respondents believe the technology will never achieve mainstream 
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acceptance which suggests that some respondents have skepticism or concerns regarding its adoption in the 
long-run. In summary, the data depicts a positive view on the anticipated growth of the adoption of the 
technology as a whole while depicting skepticism regarding the long-term viability of the technology. 

 
Figure No. 6 Emerging Tech Enhancing Blockchain 
 

The data identifies the emerging technologies that would have the most effect in augmenting 
blockchain. AI and ML came out in the lead with 70% of respondents recognizing their importance in the 
development of blockchain. That means AI/ML is believed to facilitate the enhancement of blockchain’s 
efficiency, security, and scalability. Close follows IoT, with IoT being recognized by 60% of respondents to 
have acknowledged its ability to enhance blockchain. Automation and real-time data sharing into blockchain 
networks is expected due to the integration of IoT in supply chain and asset management applications. 
Quantum Computing ranks third with 30% of respondents recognizing the potential of changing blockchain 
encryption, processing power, and other aspects for the future. Emerging technologies such as 5G Networks 
with 20% and Edge Computing with 10% are considered to have, albeit much less, impact on the enhancement 
of blockchain. The data shows all in all that AI/ML and IoT are the most significant technologies that are said 
to impact blockchain in the immediate future. 

 
V. DISCUSSION 

There is no question that blockchain technology has evolved dramatically since its origin through 
Bitcoin. Now, it is being implemented in multiple industries such as finance, healthcare, and even supply chain 
management, proving its applicability on many levels. One primary benefit of blockchain technology is its 
secure and clear system for recording data and carrying out transactions. Through the use of distributed ledger 
technology (DLT), blockchain enables peer-to-peer communication and transactions without needing any 
central authority. This has been revolutionary in many fields where trust and clarity are extremely valued. For 
example, in supply chain management, blockchain is being adopted to guarantee the authenticity of products 
and minimize the chances of fraud with a transparent record of transactions. Moreover, blockchain technology 
enables the safe storage of electronic health records and boosts the level of interoperability between different 
systems in the healthcare field, thus enhancing data privacy, patient care, and overall care continuity. 

Even so, the adoption of blockchain technology has not gained popularity due to its unparalleled 
hurdles. In terms of blockchain systems that use the proof-of-work mode, scalability remains the area of 
primary focus; these systems tend to be sluggish and consume a lot of energy. Bitcoin has been heavily 
scrutinized for its sluggish transactions and energy draining blockchain system. Other methods of reaching 
consensus, such as proof-of-stake (PoS), and second layer solution like The Lightning Network, are aiming to 
solve these problems. Lack of clearly defined regulations poses yet another hurdle. Due to the decentralization 
of control of blockchain technology, it becomes nearly impossible for most nation states to eser any form of 
regulation, especially in relation to cryptocurrencies. Economically, it has lead to concerns for rampant money 
laundering, evasion of taxes, and consumers being unprotected in general. Countries that lack clear forms of 
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regulations pose great risk and in essence block businesses from utilizing blockchain based systems. These 
hurdles shall be simplified as blockchain technology develops further, however solving regulatory as well as 
scalability boundaries will be the focus. 

Blockchain technology has great prospects going forward and is gaining regard from both public and 
private sectors. Technologies like Artificial Intelligence and the Internet of Things will be crucial in improving 
the efficiency and scalability of blockchain. Specifically AI/ML will allow for secure and quick processing of 
high volumes of data while real-time data sharing and automation will be possible through IoT. However, for 
Blockchain to fully realize its potential, there is still some work to be done regarding energy consumption, 
data privacy, and regulatory compliance obstacles that need further research. Once these challenges are 
overcome, the prospective impact of blockchain technology could change multiple industries by enabling 
secure, efficient, and transparent transaction and data management globally. 

 
VII. CONCLUSION 

The use of Bitcoin put blockchain technology on the map, but it has since advanced into a remarkable 
asset for other industries such as healthcare, finance, and supply chain management. The freedom and the 
decentralized ledger technology (DLT) associated with blockchain offer unparalleled transparency, safety, 
and effectiveness, far exceeding the capabilities of traditional systems. In these sectors, the application of 
blockchain technology has modernized business practices with product verification and supply chain 
management, enhanced the safety of electronic health records, and enabled Decentralized Finance (DeFi) 
services. Nonetheless, there are constraints to the adoption of blockchain technologies. Challenges pertaining 
to blockchain technology integration such as scalability, regulatory ambiguity, and technical issues have 
emerged. In addition, the lack of unified governing policies across regions poses risks for businesses seeking 
to implement blockchain frameworks, particularly within the finance sector.There are some underlined 
barriers in this study that draw attention to further improvements in blockchain technology, particularly in 
relation to working towards sustainability through PoS, increasing scalability, and consensus mechanism 
efficiency. Moreover, the lack of well-defined and integrative regulatory policies remains pertinent to 
nurturing confidence and safeguarding the deployment of blockchain-aligned technologies within systems. 
Regardless of prevailing difficulties, there is growing focus toward new emerging technologies, such as AI 
and IoT, which are regarded as catalysts for improving efficiency, scalability, and cross-industry applicability 
of blockchain. With the advanced application of the technology, solutions to these problems will undoubtedly 
increase and fortify the use of blockchain systems throughout various sectors undergoing digital 
transformation. 

 
VIII. RECOMMENDATIONS 

A. Focus on Scalability Solutions:  
To guarantee that blockchain technology can manage high transaction volumes, more work needs to 
be done on Layer-2 systems and Proof of Stake (PoS) consensus algorithms. These inventions may 
amplify PoS systems' energy efficiency and augment blockchain’s transaction throughput. 

B. Development of Regulatory Frameworks:  
Governments and regulatory authorities need to collaborate to develop global regulations which are 
clear and standardized for block chain technologies will help alleviate issues related to money 
laundering and tax evasion while ensuring consumer protection. A standardized legal framework will 
promote the adoption of blockchain technology especially in the financial sector. 

C. Increase Educational and Training Programs:  
In an effort to bridge the skill gap in blockchain technology, both public and private sectors should be 
encouraged to implement blockchain education and training programs on blockchain technology's 
development, deployment, and maintenance. This will prepare professionals for smooth management 
and administration transitions for organizations adopting blockchain solutions. 

D. Promote Interoperability Standards:  
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As implementation of blockchain technology increases, it will be necessary to ensure that there is 
interoperability between various blockchains. Various organizations have to collaborate towards the 
creation and implementation of interoperability frameworks which will enhance communication 
between different blockchains thereby improving the technology's utility across industries. 

E. Invest in Emerging Technologies:  
The gap in integrating AI, ML, and IoT need to be explored more extensively if blockchain's full 
potential needs to be harnessed. These technologies can help improve scalability issues, security, and 
enhance data-sharing processes within the blockchain network, making it a powerful asset for 
businesses and industries. 

Implementing these recommendations allows organizations to alleviate the challenges hindering blockchain 
adoption while expediting its incorporation into standard business operations, thus facilitating new 
opportunities for breakthroughs and growth. 
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