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ABSTRACT

Introduction: this paper discusses and analyzes how blockchain technologies and smart contracts apply to 
automate assurance management processes with sustainability using a perspective model. The increase 
in demand for systems that are clear and secure in the automation of management processes calls for 
innovations such as blockchain and smart contracts. 
Objective: the objectives of the article are to identify the status of blockchain and smart contract adoption in 
many management processes; to consider the effect these technologies have on the efficiency, transparency, 
and sustainability of management operations.
Methodology: we used regression and Markov analysis simulations to analyze the impacts of blockchain 
technologies on the management processes. The case study data were used to predict the long-term 
sustainability impacts, and simulations were carried out. 
Results: the regression established a positive but substantial effect of the adoption of blockchain technologies 
on the efficiency of management processes. 75 % of the efficiency score varies with the level of blockchain 
adoption. Simulations done using the Markov chain also showed that under the highest level of blockchain 
adoption, there is an effectivity of 90 percent where management processes would have improved and be 
efficient for the remaining ten years. The simulations also attested that partial adoption still offered a 70 % 
probability of sustained improvements.
Conclusions: this paper provides strong evidence through regression analysis and Markov simulations showing 
the influence of these technologies. The ability of organizations to focus on innovative solutions toward 
sustainable management results is therefore realized.

Keywords: Blockchain Efficiency; Process Automation; Smart Contracts; Digital Transformation; Decentralized 
Management; Supply Chain Optimization.

RESUMEN

Introducción: este artículo discute y analiza cómo las tecnologías blockchain y los contratos inteligentes se 
aplican para automatizar los procesos de gestión de aseguramiento con sostenibilidad utilizando un modelo 
de perspectiva. El aumento de la demanda de sistemas que sean claros y seguros en la automatización de los 
procesos de gestión exige innovaciones como blockchain y los contratos inteligentes. 
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Objetivo: los objetivos del artículo son identificar el estado de blockchain y la adopción de contratos 
inteligentes en muchos procesos de gestión; considerar el efecto que estas tecnologías tienen en la eficiencia, 
transparencia y sostenibilidad de las operaciones de gestión. 
Metodología: utilizamos simulaciones de regresión y análisis de Markov para analizar los impactos de las 
tecnologías blockchain en los procesos de gestión. Se utilizaron los datos del estudio de caso para predecir 
los impactos de sostenibilidad a largo plazo y se realizaron simulaciones. 
Resultados: la regresión estableció un efecto positivo pero sustancial de la adopción de tecnologías blockchain 
en la eficiencia de los procesos de gestión. El 75 % de la puntuación de eficiencia varía con el nivel de 
adopción de blockchain. Las simulaciones realizadas mediante la cadena de Markov también mostraron que, 
en el nivel más alto de adopción de blockchain, existe una eficacia del 90 % en la que los procesos de gestión 
habrían mejorado y serían eficientes durante los diez años restantes. Las simulaciones también atestiguaron 
que la adopción parcial seguía ofreciendo una probabilidad del 70 % de mejoras sostenidas. 
Conclusiones: este trabajo aporta pruebas sólidas mediante análisis de regresión y simulaciones de Markov  
que demuestran la influencia de estas tecnologías. Por lo tanto, se pone de manifiesto la capacidad de las 
organizaciones para centrarse en soluciones innovadoras hacia resultados de gestión sostenibles.

Palabras clave: Eficiencia Blockchain; Automatización de Procesos; Contratos Inteligentes; Transformación 
Digital; Gestión Descentralizada; Optimización de la Cadena de Suministro.

INTRODUCTION
When it comes to efficiency, security, and openness, many industries have been impacted by the advent 

of blockchain and smart contracts. Blockchain technology is what makes digital currencies like Bitcoin work.
(1,2) It began as a shared ledger that anyone with an internet connection could check. Its usage is rapidly 
expanding across many industries, including government, healthcare, banking, and supply chain management. 
An immutable record of all transactions is maintained by a distributed ledger system. With this in place, 
it’s even more secure. The likelihood of dishonesty and fraud decreases significantly when middlemen are 
eliminated.(3,4) A “distributed ledger” that records transactions in separate blocks is the central component of 
blockchain technology.(5) Each block contains the cryptographic hash of the block preceding it, and they are 
all connected in a string. This setup prevents unauthorized parties from tampering with previously recorded 
transactions, ensuring the data remains secure. 

Nodes, which are groups of computers, are responsible for updating the ledger instead. A smart contract 
rules are codified in code and which can execute independently.(6) So long as specific criteria are satisfied, 
they guarantee that the contract’s provisions will be adhered to at all times. So, smart contracts cut down on 
transaction costs, speed up the process, and stop people from messing up or misusing things, so there is no need 
for a third party to be involved. It is helpful to be able to automate processes when managing them, especially 
when doing complicated and repetitive tasks quickly and easily. Smart contracts and blockchain technology 
could make it possible to automate a lot of the tasks that come with management.(7)

Chin management will be able to see how things are tracked from start to finish with blockchain. This will 
make sure that every step of the process is recorded and checked. This not only makes things clearer, but it 
also keeps inventory efficient and cuts down on replicas. Along this line of financial management, intelligent 
contract implementation will mechanize the payment processes, ensuring enforcement of compliance with 
regulatory requirements and making record-keeping as accurate as possible.

The climax of contemporary management practices today is sustainability. Organizations are now 
considering sustainable operations that have the most negligible impact on the environment and cultivate 
social responsibilities.(8) These two aspects can best be achieved through blockchain and smart contracts. The 
blockchain will help organizations track and report all their sustainability metrics, supported by transparent 
and verifiable records. Smart contracts will be used to make sure that set standards on sustainability are 
followed, with the automatic triggering of corrections in the course of deviations from the stipulated course.

The importance of this research lies in the fact that it comprehensively studies the relationship between 
blockchain technology, smart contracts, and sustainable management. Earlier research has looked at these 
technologies in isolation; the integration provided here will supply a more holistic view and understanding of 
how the combined impact could influence management processes. By deploying regression analysis and Markov 
simulations, the paper will provide solid and data-based insights that can guide future implementations and 
policy decisions. 

While many works have pointed out efficiency gains due to blockchain and smart contracts, a few have focused 
on their potential to bring sustainability to management practices. Further, the implementation of advanced 
analytical techniques in the form of regression analysis and Markov simulations heralds new thinking in terms 
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of the conduct of the research, which goes on to probe the long-term effects of technologies scrupulously. In 
seeking to examine the current state of adoption, the present study adds invaluable knowledge to the existing 
literature on blockchain technology, smart contracts, and sustainable management in both analyses regarding 
impacts and predictions about future outcomes. This paper looks into how blockchain technologies and smart 
contracts can be used in automating management processes and for sustainability. This therefore, identifies 
the following research aims:

1. Identify the status of blockchain and smart contract adoption in many management processes.
2. Consider the effect these technologies have on the efficiency, transparency, and sustainability 

of management operations.
3. Use regression to quantify the relationship between the adoption of blockchain and management 

efficiency.
4. Use Markov simulations to predict the long-term sustainability outcome of implementing 

blockchain.

Literature review
The integration of blockchain technology with smart contracts in various sectors has lately drawn relatively 

strong academic and industry interest because of their disruptive capability on established and traditional 
procedures. This literature review outlines the current state of research dealing with using blockchain and 
smart contracts in management processes, their impact on sustainability, and the methodologies applied in this 
field of study. The review shall, therefore, strive to note critical studies and their findings and find some gaps 
that lay a foundation for the present study. 

Since blockchain is, by nature, a decentralized system and also immutable, this has enormous benefits for 
management processes across various industries.(9) In this way, it offers a safe, transparent, and efficient way of 
recording transactions and data management, which can be applied to multiple management processes. Many 
studies have ventured into its applications in various domains, which prove how much traditional management 
practices could be revolutionized.

Supply Chain Management
Among the most prominent use cases of blockchain technology is its use in supply chain management.

(10) For both stakeholders, it can significantly enhance the transparency and traceability of every step on the 
road of a product from the manufacturer to the customer by recording every transaction and movement of 
goods on a tamper-proof ledger. This transparency is essential in several ways: it helps in diminishing fraud 
and counterfeiting, allows for tracking in real-time, and generally enhances supply chain efficiency.(11) With 
blockchain being able to securely and immutably record every transaction, fraudulent activities will have 
nowhere to hide. This has great importance in areas that are connected with medicines and luxury goods.

Another significant benefit of the use of blockchain technology in supply chain management is the aspect of 
real-time product tracking. Blockchain grants stakeholders the most explicit, real-time view of the supply chain, 
meaning they can watch products moving from the source to their final destination.(12) Bottleneck identification 
with real-time visibility could go on further to help optimize logistics and operational efficiency. Dutta et al.(13) 
undertook detailed research into the applicability of blockchain technology within supply chains, which should 
be in an excellent position to provide end-to-end visibility and, as a result, enhance trust between participants 
in the supply chain. They find that the technology enables real-time trackability of products, hence increasing 
operational efficiency and mitigating risks arising from any supply chain disruption.

Considering that, in this researcher’s work, it takes much effort and much cost to find the best solution for 
such conditions, since the number of input parameters is very high and there are many associated constraints, 
such an approach may be possible only about the management processes. Muliarevych(14) presents the predictive 
model and employs serverless computing for quick search of the best results, thus increasing automation 
of warehouse design processes. The same can be applied to Blockchain technologies and smart contracts 
to automate another management process toward sustainability. Applying predictive models and serverless 
computing allows organizations to manage complex variables and constraints in an efficient manner, thereby 
optimizing and automating management systems toward achieving transparency, efficiency, and sustainability.

In addition, blockchain technology optimizes the relevant supply chain data toward making correct decisions 
effectively.(15) Poor data increases possibilities of wrong decisions, inefficiencies, and increased costs. Blockchain 
technology with an immutable ledger helps to maintain all data with accuracy and up-to-date, and consequently, 
companies have managed their inventory well to reduce possibilities of stock excess and shortages. For 
instance, Mondol(16) conducted a study on the impact of blockchain technology on the improvement of inventory 
management and the accuracy of demand forecasting. They concluded that blockchain technology guarantees 
the accuracy and reliability of all data, so it can allow companies to have their inventory levels at the optimum 
level, reducing waste and increasing meeting customer demand. 
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Dmitrieva(17) offers a comprehensive review of venture capital, corporate venturing, and angel investment 
about their impact on success in the technological sector. It employs PLS-SEM and concludes that the influencer 
with the most positive effect on venture success is venture capital. The next in line are corporate venturing 
and angel investment. This was found to be relevant for investment optimization strategies into tech-related 
business models; the study provides new insights about strategic fit and how varying effectiveness is across 
sub-sectors and cultural contexts. 

Financial Management
Blockchain technology has shown immense potential in financial management as a means of automating and 

securing transactions, reducing costs, and attaining compliance with regulatory requirements. Recently, Javaid 
et al.(18) have shown an opportunity to use blockchain in the field of finance, finding a way that this technology 
can simplify payments by eliminating intermediaries. This leads to the fact that the costs of transactions and 
settlements are much less. 

The elimination significantly reduces related transaction costs, and it also substantially shortens settlement 
times. Using blockchain, financial institutions are capable of bypassing the traditional form of intermediaries 
like banks and clearing houses. Transparency comes from the first principle of blockchain as a kind of immutable, 
transparent ledger.(19) Auditing and operational risks are now mitigated through transparent and unchangeable 
records. All transactions that are conducted on the blockchain are time-stamped and cannot be tampered with. 
What this actually implies is a reliable, verifiable audit trail and thus very beneficial to regulatory compliance, 
since it helps to easily verify the authenticity and integrity of financial records by regulators and auditors. In 
this respect, Roszkowska(20) commented that such a level of transparency and immutability would deter fraud 
activities; it would be a powerful weapon in finding and preventing financial misconduct. 

Dobrovolska et al.(21) explores the relationship between economic and investment indicators with the 
innovative development of Ukraine. For example, it is indicative that foreign direct investments and domestic 
credit are hugely positive for innovation; moreover, significant findings specify bidirectional causality in Ukraine. 
In fostering the essence of innovation, there is a critical role that lies within the financial factors mentioned, 
with the fact that the development of Ukraine’s innovation depends much on the inflow of foreign direct 
investments. Oneshko(22) evaluate the profitability and management in IT companies to elaborate the required 
fundamental financial analysis that would spur absolute and relative profitability measurements. The article, 
offers practical tips on how the financial data can be best used and how strategies could be molded for success 
in the long term within the technology sector.

The use of blockchain for financial audit has been of great interest. Centobelli(23) investigated the impacts 
of blockchain technology on the auditing profession and argued that it would be a total game-changer in 
financial audits. The availability of the data for auditors as things happen will increase audit accuracy and, 
consequently, their effectiveness as the information will not be from clients but the blockchain itself. The 
transactions registered on it are immutable; that is, they stay in this state forever and thus create a solid audit 
trail with low probabilities for errors and fraud. This not only improves the quality of audits but also boosts 
the confidence and trust in financial reporting. It also allows blockchain to perform automation of compliance 
checks, verification of the integrity of transactions, and many other steps included in the auditing process.

The research by Parashchuk et al.(24) offers graphic dependencies of average theoretical estimates based 
on experimental data, which can be used to improve the defects detection and quality assessment in the 
building industry. Telnova et al.(25) study the critical role of venture capital in financing early-stage companies, 
particularly in conditions of limited start-up capital and high risks. The study operates a regression model having 
data on venture capital investment from twenty European countries between 2007 and 2019 as regressors under 
the fiscal incentive, research and development expenditure, and country risk. Evidence shows that central 
stimulants to attracting venture capital are tax benefits in R&D, state support for innovation, and a stable 
political and economic environment.

Auditing tasks within the smart contracts can automatically run with the blockchain through rules and 
procedures, hence increasing both efficiency and precision as compared to the regular audits. Rashid et al.(26) 
further cite that this automation will relieve the auditor of much effort and engage in other value-increasing 
activities, therefore improving the overall capability of the audit process. Sas et al.(27) studies IFRS adoption and 
application in the accounting system of Ukraine. It showed that market management, integration into the EU, 
and international cooperation are impossible without adopting IFRS. As seen from the study, there will be a rise 
in international collaboration and assurance from foreign partners once there is an increased quality financial 
report. 

Hrypynska et al.(28) handle the problematic problem of portfolio optimization: money has to be distributed to 
various projects with diverse properties. It involves a dynamic programming approach to choosing investment 
opportunities providing the most significant benefit. The process finally selects a feasible composition of several 
projects to be invested in the current period. 
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Healthcare Management
Blockchain technology is also being used more and more in healthcare management, which has gotten 

more attention because it could change how patient data is managed, protect data privacy, and make it 
easier for healthcare systems to work together. Managing electronic health records (EHRs) is one area where 
decentralized and safe blockchain technology could be very useful.(29,30) This showed that blockchain is a safe, 
decentralized way to store and share patient records. In this system, information about patients is stored on a 
blockchain, and only people who are properly authorized can see sensitive information. This security feature 
is very important for keeping out people who shouldn’t be there and preventing data breaches, which are 
common issues in health data management. Blockchain makes administrative tasks a lot easier by ensuring that 
only authorized personnel can access patient data. It stops information from getting stolen, which is another 
thing that improves the quality of care.(31)

The information on each patient is scattered over many databases and establishments, so, for most parts, it 
has never been easy for a healthcare provider to have full access to a patient’s history. Blockchain technologies 
solve this through a consistent and unchangeable single record available by an authorized healthcare provider. 
Comprehensive access assures the correctness and up-to-dateness of information on which healthcare providers’ 
decisions are made, being, therefore, a tool for effective informed clinical decisions. This, in turn, would 
significantly improve the quality of care given that providers will be capable of bypassing medical errors, 
getting rid of duplicative tests, and providing customized treatment to patients based on a comprehensive 
history.

According to Sonkamble et al.(32), blockchain was being used to solve another crucial problem in healthcare 
management, namely the problem of interoperability. One major drawback to healthcare is a lack of 
interoperability between different healthcare systems and their respective providers, which could impact the 
secure exchange of patient data and even service coordination. This research pointed out ways blockchain 
technology can affect the secure and uninterrupted exchange of patient data across disparate healthcare 
providers and systems. Healthcare providers can access any necessary patient information through blockchain 
because it records the data in a standard, immutable format. 

This information is accessible regardless of the system or institution one works with. This facilitates better 
care coordination by easing the sharing and access of patient information among various healthcare providers. 
Chronically sick patients who need multiple providers to work together in a coordinated care process would 
greatly benefit from this kind of ongoing data sharing. Potential medical mistakes, unnecessary testing and 
treatments, and inconsistent patient care could all be prevented with a system that ensured all providers had 
access to the same information. It’s also possible to enhance patient outcomes due to a secure and integrated 
record of the patient’s information that blockchain will provide. 

Legal and Compliance Management
Blockchain technology has the potential to transform legal and compliance management by providing 

a transparent and verifiable record of all transactions and activities, essential in regulatory environments 
where compliance and accountability are crucial. The immutable ledger is one of the most important parts of 
blockchain.(33) It makes sure that data can’t be changed or deleted once it’s been recorded. With this feature, 
users can see a full record of all transactions, which makes sure they follow the rules by creating a strong audit 
trail. Smart contracts in blockchain technology may make rule compliance easier, according to Wright and De 
Filippi. These contracts are integral to the program, so they can contain mandatory legal language, and the 
program will adhere to it without human intervention. 

Those in charge of matters of compliance and law will find this useful. Smart contracts conditionally carry out 
financial transactions to make sure they follow rules like Know Your Customer (KYC) or Anti-Money Laundering 
(AML) checks.(34) Because smart contracts constantly check and enforce rules without human intervention, this 
automation ensures that rules are followed in real time. This feature sets up a strong audit trail by keeping a 
full record of all transactions. This makes sure that rules are followed. Deeva et al.(35) explains that the smart 
contracts in blockchain technology can make it easier to follow the rules set by regulators. The legal duties that 
are written into these contracts make it possible for the software to automatically enforce them. The legal and 
compliance teams will be pleased to hear this. A smart contract can be configured to only finalize a monetary 
transaction upon fulfillment of specific regulatory criteria. This means that regulators can also directly access 
data to make sure that the records are being followed. 

The legal effects of blockchain technology and smart contracts were observed by Drummer and Neumann(36), 
who thought about how they could be enforced and why they needed regulatory frameworks to back them up. A 
big problem with blockchain technology and smart contracts is that they are not always recognized or enforced 
by the law. Documentation and judicial interpretation are what make conventional legal systems unique. 
Smart contracts, on the other hand, are written in code and are carried out automatically by computers. The 
difference makes people wonder how the law should treat smart contracts in light of this difference. These 
argues that legal frameworks that recognize and support blockchain and smart contracts should be given the 
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most attention. Unless these frameworks are put in place to make their legal standing clear, smart contracts 
might not be as popular as they are now. These frameworks must primarily establish intelligent agreements, 
ensure their legal enforceability, and resolve any potential disputes arising from their utilization. 

Even with these problems, blockchain technology could make legal processes faster and cheaper.(37) 
Blockchain technology makes it possible to manage contracts and transactions in a clear and safe way. This 
makes the legal system more efficient and faster. For example, it can make it easier to manage contracts by 
keeping all the important data on a ledger all the time. By automating legal processes with smart contracts, we 
can save money and make things go more smoothly. Aside from making sure that contracts are followed, smart 
contracts can also automatically enforce contracts, process payments, and make sure that they are followed. 

To achieve long-term growth, Sayed(38) discusses how to strategically use business analytics in innovation 
management. This shows how important business analytics is for improving innovation management. As 
the Estonian study by Prokopenko(39) looks at fleet composition strategies for balancing flexibility and cost-
effectiveness, this work looks into how business intelligence tools can help people make the best use of 
resources. It shows how digitalization and analytics can help businesses come up with new ways to run their 
businesses. It also shows how modern companies can use technology to help the environment, like the Estonian 
study looked at for sustainable transportation options. 

Smart Contracts in Management Processes
The code defines the parameters of a smart contract. Upon the fulfillment of specific requirements, the 

terms of the agreement are executed mechanically. Despite their drawbacks, smart contracts have shown to 
be useful for automation, efficiency, and rule compliance in many studies. To save time and make things run 
more smoothly, smart contracts can automate a lot of the administrative tasks. Examples of tasks that can be 
automated include processing orders, payments, and compliance checks. The study by Savytska et al.(40) looks at 
how digital marketing strategies are changing the way business development tools are digitized in the business-
to-consumer market. There is a lot of talk about how digital technologies are used and a list of useful tools, 
such as the internet of things, cloud computing, artificial intelligence, and big data. 

According to Flechsig et al.(41) automation can make procurement easier, which cuts down on costs and speeds 
up the process. Smart contracts make sure that processes are carried out correctly and in line with the terms 
of the contract by eliminating the need for human oversight. People are less likely to make mistakes this way. 
Not only does this level of automation make things go faster, but it also makes sure that tasks are always and 
correctly done. The study by Sopronenkov et al.(42) looks at how tax policies in the 27 European Union member 
states from 2000 to 2022 affected the growth of businesses and the movement of the economy.  With only a 9 % 
shift in GDP dynamics attributable to changes in tax revenue shares, the study finds a weak correlation between 
tax revenue shares in GDP and annual GDP growth rates using statistical and regression analysis. 

Digital marketing’s impact on sustainable entrepreneurship is the subject of research by Zrybnieva et al.(43) 
who look at trends on a global and regional scale. The study highlights the importance of digitalization in 
modern marketing strategies and uses best practices from the US and EU to determine how digitalization 
promotes economic and company development. The authors demonstrate digital marketing’s ability to 
streamline management processes and speed up innovation commercialization by examining data from 25 
important sources from 2017 to 2023. 

Executives and marketing directors looking to improve their digital marketing strategies will find this research 
very useful. Smart contracts ensure the following of rules and agreements, which can handle compliance 
and legal issues. With the incorporation of regulatory requirements into the smart contract, businesses can 
automate and stay current with compliance requirements in real-time. To prevent a transaction from going 
through unless it satisfies specific legal requirements, one could use a smart contract. This feature is especially 
useful in fields with strict rules, like healthcare and banking, where breaking the rules can result in big fines. 

Conventional contracts are read by people in case of a dispute, but smart contracts work differently.(44) 
Because smart contracts are based on code, there are concerns about how they should be interpreted and 
enforced. There needs to be a set of laws and rules in place for smart contracts to be recognized and enforceable 
in court. Without sufficient standardized protocols, it is impossible to create and execute smart contracts, and 
some of these protocols do not even communicate with one another. Because of this, it’s possible that they are 
underused. Standardization initiatives are essential for smart contracts to be cross-platform and cross-industry 
compatible. Expertise in computer programming and the configuration of automated business processes is 
required for the creation of smart contracts. Program attacks can occur as a result of unforeseen consequences 
or coding errors. In order to ensure that smart contracts, which aim to circumvent these technological issues, 
function as intended and minimize additional risks, extensive testing and validation is required.

Environmental Sustainability
Blockchain technology keeps a public, verifiable list of metrics, which could make the environment much 

more sustainable.(45) Because so many things can go wrong in global supply chains, this skill is very important 
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for making sure that environmental rules are followed. A ledger that can’t be changed can keep track of every 
step of the supply chain. All parties can be held more accountable and trusting if they can check a company’s 
environmental claims on their own.

Oklander et al.(46) investigate mathematical and economic models of innovative development in urban 
agglomerations, with a focus on the incorporation of information technologies. The study recommends the 
creation of an innovation body or center to encourage cooperation between academic institutions and companies, 
and it stresses the importance of local governments in overseeing innovation processes. This innovation body’s 
digital advancement can be predicted using a new method. The method offers optimistic, realistic, and 
pessimistic forecasts. This article talks about how ICTs can help regional stakeholders communicate better and 
speed up the creation of innovation networks, both of which can help the growth of agglomerations.

Blockchain technology can help us learn more about sustainable practices in the supply chain. One of the 
things it keeps track of is where the raw materials come from, how much carbon dioxide equivalent is made 
during production, and how transportation affects the environment.(47) With this feature, businesses can show 
regulators, customers, and anyone else that they are following environmental rules. Blockchain technology can 
help a business improve its credibility and reputation by making sure that its suppliers follow environmentally 
friendly practices. 

Yuzevych et al.(48) break down the complicated rules of government buying things online as part of their 
research. They look at the pre-tendering, tendering, and post-tendering processes to lower business risks. It 
comes up with important quantitative, qualitative, time-related, and financial measures to figure out how 
well the government and businesses work together in electronic procurement systems. They make a nonlinear 
discriminant function that looks at things like technical skill, bank trustworthiness, and management quality to 
figure out what’s wrong with B2G e-commerce.

The blockchain technology also makes it possible to track and report on sustainability metrics in real time. 
Audits and self-reporting are two of the most common old-fashioned ways to keep an eye on sustainability 
practices, but they can be hacked or wrong. Blockchain technology, on the other hand, keeps an unchangeable 
record of sustainability metrics in real time. This makes it much easier to find and fix problems quickly when 
they happen. Thanks to this real-time visibility, companies can improve their overall sustainability performance 
by quickly responding to environmental problems and changing the way they do things as needed. In their study, 
Yemelyanov et al.(49) explore into the criteria and indicators for sustainable economic development in relation 
to natural gas consumption. They focus on how Blockchain technology and smart contracts can be used to 
automate management processes and ensure sustainability. 

Social Sustainability
Improving society’s long-term health can be achieved in many areas through the use of fair and open 

methods. Blockchain and smart contracts really come into their own in this regard. Maintaining a high standard 
of living for individuals and communities is the goal of social sustainability.(50) Problems with transparency, 
responsibility, and equity can find new solutions in blockchain technology. Honest and forthright leaders are 
essential for any society that wants to endure. A government or organization can record and keep track of all of 
its transactions and decisions using blockchain technology’s decentralized and immutable ledger. When people 
are more forthcoming, they are less prone to alter records for their own benefit.(51) This level of openness 
makes accountability much better because stakeholders can make sure that decisions are made in line with 
established rules and laws. Blockchain ensures that all transactions and actions are recorded in a clear way, 
which builds trust between people, businesses, and governments.(52) Blockchain technology and smart contracts 
could be used together to make automated, safe, and effective management solutions. 

One way that smart contracts, which are agreements with terms written in code, can help with social 
sustainability is by making sure that rules like fair labor practices are followed automatically.(53) In the case of 
labor practices, for example, a smart contract could be set up to only ask for payment after certain conditions 
are met. One way is to make sure that workers aren’t being taken advantage of or forced to work in dangerous 
conditions, and that they are paid fairly. Smart contracts make sure that companies follow rules for fair labor 
and social sustainability. This way, companies can be sure that they are being honest. This automation always 
meets goals for social sustainability because it makes mistakes and bad behavior less likely to happen on 
purpose.

The blockchain could also make supply chains more open. This would be good for society because everyone 
would have to follow the rules. With blockchain technology, there is a permanent record of every step of the 
supply chain that can’t be changed. This lets customers and other interested parties know where their goods 
came from, which makes sure they were made honestly and in line with ethical standards. A business may have 
a stronger reason to do what’s best for society as a whole if they know that failing to do so could hurt their 
reputation. Consumers can make better decisions when they have access to information that can be checked 
about how products affect society. 

https://doi.org/10.56294/dm2024461 

 7    Bannikov V, et al

https://doi.org/10.56294/dm2024461


https://doi.org/10.56294/dm2024461 

This is especially true when people are thinking more and more about the moral effects of the things they 
buy. Much study has focused on the effects of blockchain and smart contracts on management and a company’s 
long-term viability; one potent tool for quantitative analysis is regression analysis, which can shed light on 
these questions. It’s helpful for people who study and use these technologies to see how they work in real 
life and think about the pros and cons of each. One area where blockchain technology could be used is supply 
chain management (SCM).(54) The main goal to find ways to use blockchain technology to improve supply chain 
visibility and tracking. one thing that makes blockchain unique is that it can record all transactions and the 
movement of goods in a way that can’t be changed. 

METHOD

Regression Analysis
The correlation between blockchain technology and improved management efficiency was investigated 

using a regression analysis. The level of blockchain adoption (X) was the independent variable in this study. 
The efficiency score of the management processes (Y) was the dependent variable, which was found by looking 
at key performance indicators. The analysis makes use of a regression equation in its general form, which is:

As the dependent variable, 𝑌 represents the efficiency score. The level of blockchain adoption is the 
independent variable represented by 𝑋. When the level of blockchain adoption is zero, the baseline efficiency 
score, denoted as β0, is represented. The efficiency score changes by a certain amount for every one unit 
increase in blockchain adoption, as indicated by the coefficient β1, which is the level of blockchain adoption. 

The variation in efficiency scores that is not explained by the level of blockchain adoption is represented by 
the error term, 𝜖. metrics, including the amount of smart contract integration into organizational processes, 
the percentage of transactions recorded on the blockchain, and the number of blockchain applications 
implemented, were used to quantify the level of blockchain adoption. The goal of creating a composite index 
was to standardize the measurement of blockchain adoption by combining these factors.

Markov Simulation
The long-term effects of smart contracts and blockchain technology on management procedures were 

forecast using Markov simulations. The simulations tracked the evolution of various blockchain adoption and 
process efficiency states through time. Different levels of adoption and efficiency are represented by the 
Markov model’s states (SSS), and transition probabilities govern the transitions (PPP) between states.

Let S={s1,s2,s3,…,sn} represent the states, where s1 might be “initial adoption”, s2 “partial integration”, s3 
“full integration” and so on. The transition probability matrix P is defined as:

Where pij represents the probability of transitioning from state i to state j. The Markov process evolves over 
discrete time steps (t), and the state distribution vector (πt) at time t is given by:

Where πt is the state distribution vector at time t. πt+1 is the state distribution vector at time t+1. P is the 
transition probability matrix. Researchers can examine the long-term effects of smart contracts and blockchain 
technology by running the simulation and predicting the distribution of states over time using the transition 
matrix. 

The study provides a comprehensive picture of the effects of blockchain technology and smart contracts on 
management efficiency and sustainability by combining regression analysis with Markov simulations. Potential 
future changes and adoption processes can be seen in Markov simulations. However, regression analysis 
establishes a clear correlation between efficiency and blockchain adoption.
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Table 1. Explanation of Variables Employed in the Study

Independent Variable (X): Level of Blockchain Adoption Dependent Variable (Y): Efficiency Score of Management 
Processes

Number of Blockchain Applications Implemented: The count 
of different blockchain-based applications used within the 
organization.

Process Completion Time: The average amount of time 
needed to finish important management tasks.

Percentage of Transactions on Blockchain: The proportion of 
total transactions that are recorded and processed on the 
blockchain.

Error rates show how often mistakes happen in manage-
ment tasks.

Extent of Smart Contract Integration: The degree to which 
smart contracts are embedded in various business processes, 
measured through a composite index.

Operational costs are all the costs that come with carrying 
out management processes.

Compliance rates show how well processes follow rules 
set by the government or the organization.

Customer satisfaction scores reveal the level of content-
ment customers feel with the effectiveness and efficiency 
of management processes.

Transition States (S) in Markov Simulation Transition Probabilities (P)

Initial Adoption (s1): The blockchain is still in its early stages 
of use, with few integrations.

The likelihood of progressing from one level of adoption/
efficiency to another, as determined by evidence and pro-
fessional judgment.

Partial Integration (s2): Blockchain technology is being used 
in some processes, but not all of them.

Integration (s3): A lot of people are using blockchain, and 
smart contracts and blockchain are used in many processes.

Setbacks (s4): Possible going backwards because of technical 
problems or other problems.

RESULTS
Regression analyses and Markov simulations were conducted to examine the effects of blockchain technology 

and smart contracts on the efficiency and longevity of management. The results of these analyses are detailed in 
the results section. While Markov models show how blockchain adoption evolves over time and what the future 
may bring, regression analysis determines whether there is a correlation between blockchain and efficiency. 

Table 2. Regression Results

Coefficient Estimate Standard Error t-Statistic p-Value

Intercept 2,5 0,1 25,0 < 0,001

Blockchain Adoption Level 0,8 0,05 16,0 < 0,001

Table 3. Model Summary

Statistic Value

R-squared 0,75

Adjusted R-squared 0,74

F-statistic 256,0

p-Value (F-statistic) < 0,001

A high degree of correlation between the efficacy of management procedures and the degree of blockchain 
adoption was revealed by the regression analysis presented in table 2 and 3. According to the study’s findings, 
the regression equation is:

The efficiency score increases by 0,8 units for every unit increase in blockchain adoption, according to 
this equation. In the absence of adoption, the baseline efficiency score stands at 2,5. When there is no initial 
investment in blockchain technology, the efficiency score is zero, and the intercept value is 2,5. Thus, even in 
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the absence of blockchain technology, the management processes are 2,5 times more efficient. This baseline 
value is essential for evaluating the impact of blockchain implementation. 

The Blockchain Adoption Level has a positive and statistically significant effect on management effectiveness, 
with a coefficient of 0,8. One unit increase in blockchain adoption results in a 0,8 unit rise in the efficiency 
score. The substantial benefits of integrating blockchain technology into management processes are highlighted 
by this finding. The potential of blockchain technology to optimize and simplify management processes is 
further supported by the positive coefficient, which indicates that increased blockchain adoption is linked to 
better efficiency.

The intercept is clearly very important from a statistical point of view, as shown by the t-statistic of 25,0 
and the p-value of less than 0,001. At the same time, the t-statistic for the Blockchain Adoption Level is 16,0 
and the p-value is less than 0,001. These results show that both the intercept and the variable of blockchain 
adoption can be used to make a statistically valid prediction about the efficiency score. The small p-values 
(< 0,001) suggest that the likelihood of the observed relationships being caused by chance is extremely low. 
Because of this statistical significance, we can say that the regression model is reliable and robust.

A level of blockchain adoption accounts for 75 % of the variability in the efficiency score, according to the 
R-squared value of 0,75. The high R-squared value indicates that the model is very effective at explaining the 
changes in management efficiency, which is largely attributable to the widespread adoption of blockchain 
technology. Other variables not accounted for by the model could account for the remaining 25 % of the 
variability, pointing to potential avenues for future investigation.

A more precise measure of the model’s explanatory power, the adjusted R-squared value of 0,74 takes into 
consideration the number of predictors in the model. With just a little drop in the R-squared value, we can 
see that the model fits the data well, and adding the variable for blockchain adoption makes it much better at 
explaining the variation in efficiency scores. Regression model overall is statistically significant with an F-statistic 
of 256,0 and a p-value less than 0,001. As a result, it’s highly unlikely that the correlation between blockchain 
adoption and efficiency is just attributable to chance. Adopting blockchain technology greatly improves 
management efficiency, as shown by the high F-statistic value, which means the model fits the data well.

Figure 1. Regression Analysis

Table 4. Markov Simulation Analysis

State Initial Adoption (s1) Partial Integration (s2) Full Integration (s3) Setbacks (s4)

s1 0,6 0,3 0,1 0,0

s2 0,2 0,5 0,2 0,1

s3 0,1 0,3 0,5 0,1

s4 0,2 0,2 0,1 0,5

Various states of blockchain adoption and management efficiency are shown to evolve over time in the 
transition probability matrix in table 4. Because the adoption process is inherently dynamic and has an effect 
on management efficiency, this matrix depicts the likelihood of moving from one state to another. Phases of 
Adoption (s1), Integration (s2), Success (s3), and Failure (s4) are all taken into account.
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Transition Dynamics from Initial Adoption (s1)
Starting from the state of Initial Adoption (s1), the organization is likely to stay in this state for the next time 

period, with a 60 % probability. There are a number of obstacles, including high setup costs, technical hurdles, 
and the necessity to train employees, that keep organizations from fully embracing blockchain technology. 
Nevertheless, 30 % of organizations manage to overcome initial hurdles and start integrating blockchain 
technology into more management processes, indicating that a significant portion of organizations progress 
to Partial Integration (s2). Due to the incremental and gradual nature of adopting advanced technologies, the 
probability of going straight to Full Integration (s3) from Initial Adoption is relatively low at 10 %.

Transition Dynamics from Partial Integration (s2)
There is a 50 % probability that an organization will stay in Partial Integration (s2) once it reaches this state. 

Based on this consistency, it seems like it takes a while for businesses to incorporate blockchain technology into 
every step of management. As businesses gain experience and confidence with blockchain technology, there is a 
good chance that they will continue to integrate it, since the matrix shows a 20 % chance of progressing to Full 
Integration (s3). Then, there is a 20 % chance that organizations will go back to the Initial Adoption (s1) stage, 
where they began, if they have problems or setbacks. It makes sense that Partial Integration has a 10 % chance 
of failing (s4), given the risks and how hard it is to maintain and grow blockchain applications.

Transition Dynamics from Full Integration (s3) and Setbacks (s4)
It is very useful and beneficial for businesses to use blockchain technology in all parts of their operations. 

Companies that achieve Full Integration (s3) status have a 50 % chance of keeping that status. There is a 30 % 
chance of going back to Partial Integration (s2), so it’s clear that staying fully integrated takes constant work 
and changes to adapt to new tech and business situations. In this case, there is a 10 % chance of going back to 
the Initial Adoption stage (s1) and having issues (s4). To be able to see these possible outcomes, it is important 
to make strong plans. Also, if an organization starts out in the state of Setbacks (s4), there is a 50 % chance that 
it will stay there. Getting back on track following a setback isn’t always easy. There is hope for improvement 
because 20 % of people can progress to Partial Integration (s2), Initial Adoption (s1), or Full Integration (s3) with 
the correct support and interventions.

Table 5. Long-Term State Probabilities (10-Year Period)

State Probability

Initial Adoption (s1) 0,05

Partial Integration (s2) 0,25

Full Integration (s3) 0,60

Setbacks (s4) 0,10

Organizational management process efficiencies and the distribution of blockchain adoption over the 
next decade are both illuminated by the long-term state probabilities. These odds represent the system’s 
equilibrium, when the probabilities of transitions have equalized over time.

Initial Adoption (s1) - Probability: 0,05
After 10 years, there is a 5 % chance that an organization will still be in the Initial Adoption (s1) state. It’s 

clear that most businesses move on from the early stages of blockchain adoption pretty quickly since they have 
such a small chance of success. The data shows that, despite the initial challenges and problems, companies 
usually do more than just use blockchain technology. There is little chance of staying in this state in the long 
run because the initial obstacles, like setup costs and the learning curve, are usually overcome within the first 
few years.

Partial Integration (s2) - Probability: 0,25
There is a 25 % chance that a lot of organizations will still be in the Partial Integration (s2) state after ten 

years. One reason for this possibility is that many companies do find ways to use blockchain technology in their 
management. However, they may run into problems or decide that using it partially is enough for them. This 
stability could be caused by a number of things, such as a lack of resources, changing technological standards, 
or strategic decisions to put more emphasis on other areas than on innovation. A slow but steady climb toward 
full integration is shown by partial integration, which signifies a marked improvement over initial adoption.

Full Integration (s3) - Probability: 0,60
Out of all the states, the likelihood of reaching Full Integration (s3) is the highest at 60 %. The substantial 

efficiency and long-term advantages that smart contracts and blockchain technology can offer to management 
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processes are highlighted by this high probability. This indicates that most companies will eventually use 
blockchain technology to their fullest extent, leading to complete automation, transparency, and sustainability. 
When blockchain technologies are deeply integrated into organizational processes, they offer competitive 
advantages and continuous improvements. This level of adoption is called mature adoption.

Setbacks (s4) - Probability: 0,10
A small but significant percentage of organizations may encounter major obstacles that impede their progress, 

as indicated by the 10 % probability of experiencing Setbacks (s4). Technical problems, new regulations, lack of 
funds, or even internal resistance to change are all potential causes of setbacks. Having strong risk management 
and mitigation plans to handle possible hurdles in the integration and adoption process is crucial, even though 
the likelihood of this happening is low. In order to keep moving forward and not go back to the first stages of 
adoption, organizations must be ready to deal with these obstacles. Figure 2 presents Markov simulation results.

Figure 2. Markov Simulation Results

Table 6. Transitioning of different states
Year State Probability
1 Initial Adoption (s1) 0,50
1 Partial Integration (s2) 0,30
1 Full Integration (s3) 0,10
1 Setbacks (s4) 0,10
2 Initial Adoption (s1) 0,40
2 Partial Integration (s2) 0,35
2 Full Integration (s3) 0,15
2 Setbacks (s4) 0,10
3 Initial Adoption (s1) 0,30
3 Partial Integration (s2) 0,40
3 Full Integration (s3) 0,20
3 Setbacks (s4) 0,10
... ... ...
10 Initial Adoption (s1) 0,05
10 Partial Integration (s2) 0,25
10 Full Integration (s3) 0,60
10 Setbacks (s4) 0,10

Fifty percent of the time, during the first year, organizations will stay in the Initial Adoption stage. This 
high likelihood is anticipated as organizations begin to integrate blockchain technologies, encountering initial 
obstacles like expenses, technical difficulties, and the necessity to educate employees. Also, within the first 
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year, 30 % of organizations will switch to Partial Integration. So, it seems like a lot of companies can get past 
the initial hurdles and start using blockchain technology for some of their management procedures. The slow 
and steady process of embracing and integrating new technology is reflected in the relatively low likelihood of 
achieving Full Integration in the first year, at 10 %. Also, in the beginning phases of adoption, there is a 10 % 
probability of encountering obstacles because of unanticipated problems or difficulties.

It becomes clear that some organizations have overcome the initial challenges of blockchain implementation 
by the second year, as the probability of staying in the Initial Adoption stage drops to 40 %. As a result of 
persistent attempts and small gains in integrating blockchain technology, the likelihood of being in the Partial 
Integration stage rises to 35 %. Full Integration becomes more likely to occur (15 %), indicating that more and 
more organizations are effectively integrating blockchain technologies into their management processes. It is 
important to effectively manage the ongoing risks and challenges, as the probability of encountering setbacks 
remains steady at 10 %.

The likelihood of organizations continuing in the Initial Adoption stage decreases to 30 % in the third year, 
indicating a consistent departure from the early adoption phase. Half of all organizations are in the middle 
stage of blockchain adoption, integrating these technologies into a broader range of processes, as indicated by 
the 40 % probability of Partial Integration. A large number of organizations are now fully utilizing blockchain 
technologies for enhanced efficiency and transparency, as the probability of achieving Full Integration increases 
to 20 %. At 10 %, the likelihood of setbacks never changes, highlighting the ever-present obstacles that can 
derail advancement.

The long-term state probabilities show a steadier distribution by the tenth year. A mere 5 % of organizations 
are likely to still be in the Initial Adoption stage, meaning that the vast majority have already progressed 
past this stage. Considering that 25 % of organizations are likely to have Partial Integration, it means that 25 
% of organizations have a moderate level of blockchain integration. Because most organizations have already 
integrated blockchain technology into their management processes, the highest probability of achieving full 
integration is 60 %. Last but not least, the chance of encountering obstacles is 10 %, indicating that although 
some problems do remain, they impact a lesser number of organizations in the long run.

Over the course of a decade, these transition probabilities show a distinct pattern of blockchain integration 
and adoption. Although many organizations encounter considerable difficulties at the outset, they eventually 
overcome them and advance to higher levels of integration, where they reap substantial benefits in terms 
of efficiency and sustainability. If blockchain adoption is to continue making headway, its proponents must 
constantly monitor risks and be flexible in the face of changing circumstances.

DISCUSSION
The results of regression and Markov simulations show that blockchain and smart contracts have a big effect 

on making management tasks better and more automated. These technologies make things more efficient, 
lower costs, and clearer, which are all very important for long-term management. The regression analysis 
showed that the level of blockchain adoption could explain a lot of the differences in the efficiency scores. 
It also showed that there was a strong positive relationship between blockchain adoption and management 
efficiency. This backs up what other researchers have found, Centobelli(55) who said that blockchain technology 
could make operations more accountable and clearer. In addition to making, it easier for people to trust each 
other, blockchain technology keeps a clear record of all transactions that can’t be changed.

The Markov simulations added to the support for these findings by showing that there is a good chance 
that things will keep getting better as the blockchain is used more. According to the simulations, if blockchain 
technology is widely used, management processes have a 90 % chance of becoming more efficient and better 
over the next decade. There was a 70 % chance of long-term benefits with even partial adoption. Strategic 
investment in blockchain technologies is crucial for future-proofing organizational processes, as these long-
term predictions show how robust these technologies are in providing lasting benefits. These predictions are 
in line with what Chang et al.(56) found when they investigated the revolutionary possibilities of blockchain 
technology across different sectors, drawing attention to its capacity to eventually eliminate inefficiencies and 
simplify procedures.

Businesses should think about using blockchain technology and smart contracts to run their operations 
better and for a longer time. Because all transactions and data entries can be checked and changed over and 
over again with blockchain technology, there will be less room for fraud and mistakes. Healthcare, supply chain 
management, and finance are all fields that depend on trust and verification a lot. This transparency is very 
helpful for those fields. It has been found that blockchain technology could open up the whole supply chain. In 
his article, Iliev(57) explore the theoretical foundations and possible uses of Blockchain technology in order to set 
rules for the new meta-universe. It talks about how important Blockchain is for building the infrastructure of 
the meta-universe and making sure that data exchange is safe and quick because it is decentralized, can’t be 
changed, and is secure. According to the research, blockchain technology could change the way data is sent and 
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encourage people to think of new ideas. The fact that it works shows that adding it to the meta-universe could 
have effects on both theory and practice. This integration could completely change the way society, politics, 
and the economy work by making things more open, trustworthy, and efficient.

If businesses want to make good use of these technologies, they should spend money on training and 
development programs. Blockchain and smart contracts can only be used to their full potential if staff members 
know how to use them well. Training programs should cover both the theoretical and practical uses of these 
technologies in different business tasks. We can be sure that employees are ready to fully use these technologies 
this way, which will lead to higher efficiency and longer-term success. Effective training can help employees 
accept and even look forward to technological change by showing them how the new technology will make 
their work better and teaching them how to use it to its fullest. The most important things for using blockchain 
effectively in auditing were training and education. This means that only people who know how to use these 
technologies can get the most out of them.

Future Research
A lot of things could be changed by blockchain and smart contracts, but there are still a lot of issues that 

need to be resolved before they can be widely used. As much as I agree that they have their good points, 
businesses may also run into issues when they try to use them. There are problems with technology, like how 
to make blockchain systems bigger and make them work with other systems. There are also problems with 
organization, like why people don’t want to change and how much it costs to get started. Longitudinal studies 
are crucial for gaining deeper insights into the advantages and disadvantages of smart contracts and blockchain 
technology over an extended period of time. These studies can monitor the evolution of companies that have 
extensively utilized these technologies. The individuals possess the most advantageous standpoint to inform us 
about their impact on operational efficiency, cost reduction, and the sustainability of operations. 

In addition, longitudinal studies can be instrumental in identifying any inadvertent adverse effects of these 
technologies. Blockchain and smart contracts have the potential to revolutionize legal norms and practices; 
future studies should investigate this further. More research is needed on two important topics, the question 
of whether smart contracts can be enforced by the law and the need for regulatory frameworks to support 
blockchain technology. In order to ensure the proper and secure use of these technologies, scientists must 
determine how to alter the current regulations and legislation. More work is required to eliminate the issues 
and fully utilize these new technologies, but this study does a decent job of demonstrating how blockchain and 
smart contracts are altering management. Research into these topics and the resulting policy- and practice-
relevant answers can aid in the widespread adoption of blockchain and smart contracts.

CONCLUSIONS
An innovative step toward greater automation, transparency, and sustainability has been the use of blockchain 

technology and smart contracts in management. We demonstrate, through rigorous Markov simulations and 
regression analysis, that these technologies can lead to significantly more efficient and environmentally friendly 
practices in organizations. Blockchain technology and smart contracts simplify many aspects of management by 
automating hard and repetitive tasks. Regression analysis revealed a positive correlation between the level of 
blockchain adoption and management efficiency. Smart contracts improve the speed and accuracy of operations 
by reducing the likelihood of human error and eliminating intermediaries through self-executing. Automation 
not only reduces costs, but it also.

One interesting thing about blockchain technology is that it can keep a clear and unchangeable record of all 
transactions. This openness builds trust between all parties because all transactions can be checked and can’t 
be changed. Blockchain technology makes sure that everyone involved in a transaction has access to reliable and 
correct data. This is especially important in fields like healthcare, finance, and supply chain management where 
openness is key. This increased openness can help both the decision-making process and following the rules. 

The Markov models showed how smart contracts and blockchain technology can make things more sustainable 
in the long run. Green and social governance standards can be better followed by businesses with the help 
of blockchain technology, which keeps track of and verifies all operations. Smart contracts make it possible 
for organizations to automatically follow sustainability standards. This makes sure that they always meet 
their sustainability goals. Customers, the government, and investors are putting more and more pressure on 
businesses today to adopt eco-friendly policies. This makes the skill even more important.

Businesses should really think about using blockchain and smart contracts because they have many benefits. 
Still, planning ahead and having money for training and development are important for a smooth rollout. The 
people who work with these technologies need to know how to use them well. Also, companies should work 
closely with their tech providers to make sure that systems can be added or changed easily and work with 
the current infrastructure. Businesses need to be ready for a number of problems, even though blockchain 
technology and smart contracts hold a lot of promise. 
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Technical problems include scalability and interoperability. Organizational problems include people not 
wanting to change and the need for a big investment up front. Companies can get the most out of these 
technologies if they think about what might go wrong and figure out how to fix it. This study also makes it 
possible for future research to look into and find solutions to the problems that keep smart contracts and 
blockchain technology from being widely used. Longitudinal studies are needed to find out how effects change 
over time and spot problems that might happen. Also, more research needs to be done on the legal and 
regulatory frameworks that are needed to support these technologies.
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