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Abstract

Supply chain transparency is essential for ensuring product authenticity, regulatory compliance, sustainability, and
building consumer trust. Blockchain technology offers a decentralized and tamper-proof solution for achieving end-to-
end supply chain visibility. However, its widespread adoption faces significant technical, economic, and behavioral
barriers, including high implementation costs, data privacy concerns, and resistance to change. The review examines
the critical role of incentive design in overcoming these barriers and motivating stakeholders to adopt blockchain and
share truthful data. We synthesize theoretical approaches, particularly game theory and contract theory, that model
stakeholder payoffs and guide the creation of effective reward and penalty mechanisms. Empirical case studies, such as
IBM Food Trust and VeChain, illustrate practical benefits and real-world challenges, while simulation-based methods
like agent-based modeling and sensitivity analysis provide insights into optimizing incentive strategies. Despite
advances, gaps remain in dynamic and context-sensitive incentive structures, cross-cultural enforcement, and
integrated frameworks combining economic, behavioral, and technological factors. We propose policy and managerial
recommendations and outline future research directions to address these gaps.
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1. Introduction

Supply chains have evolved a lot in recent years since markets are becoming more global and digital at a faster rate [1],
[2]. They are now more complex, changing, and spread out all across the world. Supply networks nowadays are not as
simple, straight, or local as they used to be [3]. Instead, they involve a lot of people, like suppliers, manufacturers,
logistics providers, distributors, retailers, and end customers, who are spread out over different areas and have to obey
different standards [4]. This link has made it easier to be productive and grow, but it has also made things more fragile
and hard [5], [6].

One of the main challenges with global supply networks is that they aren't transparent [7]. It's hard to observe
everything in a traditional supply chain because many people have information about where items come from, how they
are created, how they are shipped, and how they are handled [8], [9]. Because of this lack of transparency, it's simpler
for frauds, fraudulent goods, unfair labor practices, and not obeying environmental standards to arise. The Organization
for Economic Co-operation and Development (OECD) says that the trade in fraudulent and stolen goods around the
world accounts up as much as 3.3% of all trade [10]. This highlights how crucial it is to have good processes for keeping
track of things [11], [12].

People, government agencies, and non-profits are all clamoring for more transparency, and not simply to stop fraud.
People today want to know where and how goods are made, and they want to be confident that the resources are
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sourced ethically, that workers are treated fairly, and that the environment is protected [13]. The European Union's
Green Deal, the U.S. Food Safety Modernization Act, and other national laws against counterfeiting make it even more
important for supply chains to tighten their reporting and tracking. In this case, being honest is not only the right thing
to do; it's also a method to go ahead of your competitors because it builds trust and devotion to your business [14].

Blockchain technology has emerged as a viable approach to overcome these difficulties in a clear way [15]. People first
thought of blockchain as the technology that powers cryptocurrencies like Bitcoin. It is a ledger system that is
decentralized and can't be changed. It can safely keep track of transactions and data transfers between a group of people
[16], [17]. Blockchain can give everyone in a supply chain a full view of the process by enabling them record, check, and
get information about transactions and product movements in real time [18]. Blockchain is a unique technique to keep
data safe and reliable without needing centralized middlemen. This is because it is decentralized, cryptographically
secure, and can't be changed [19], [20].

Integrating Digital Twin and Blockchain technologies creates a secure, transparent, and intelligent framework for real-
time system monitoring and decision-making. Digital Twins provide virtual replicas of physical assets, continuously
updated with sensor data, while Blockchain ensures the immutability and traceability of that data. Together, they enable
secure sharing of operational insights across stakeholders and automate responses through smart contracts. This
integration is especially valuable in manufacturing, supply chains, and critical infrastructure. It enhances trust,
improves efficiency, and enables predictive and decentralized decision-making [21], [22], [23].

Blockchain has been proved to make supply chains more open in a number of pilot projects and business usage. IBM's
Food Trust platform, for example, allows customers and retailers follow the flow of food from farm to table [24]. This
makes customers feel safer and minimizes the risk of contamination. Luxury goods companies have also used blockchain
to battle fake goods by offering them certificates of authenticity that can be examined and that stay with the goods for
their whole lifetimes [24], [25]. These examples highlight how blockchain can help in real-world supply chain
challenges.
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Figure 1 End-to-end product and data flows via a shared ledger

Blockchain has a lot of promise, but it hasn't been used much in supply chains yet. A number of studies have shown that
there are a number of problems that make it challenging to utilize broadly [26], [27]. A lot of money is needed up front
and to integrate (Ci), which is a huge challenge for small and medium-sized firms (SMEs) who don't have a lot of money.
Stakeholders are also apprehensive about the privacy of sensitive business information because they worry that putting
all of their operational information on a public ledger could show faults in their competitors or trade secrets [28]. Also,
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the benefits of using blockchain (Bi), such a higher brand reputation or access to high-end marketplaces, might not
appear clear or direct enough to make the costs worth it [29].

Barriers to behavior and organization are also quite essential. Supply chain actors may not want to change because they
don't know enough about technology, are anxious about how it will affect their work, or don't want to follow new rules
and norms [30]. Also, each segment of a supply chain has its own goals, priorities, and willingness to take risks. This
makes it hard to update technology such that it works well with other technology [31], [32].

Setting up and using incentive systems that link each person's goals to the goals of open communication is the best way
to get beyond these obstacles. Some examples of incentives are financial payouts, fewer taxes, exclusive access to a
market, or better terms on a contract [33]. On the other hand, penalties (Pi) like fines, getting kicked out of supply
networks, or harm to one's reputation could keep people from breaching the rules and make them more honest.
Rewards and penalties can influence how people feel about their choices. This is why it makes sense and is good for
company to adopt blockchain and be honest about exchanging data [33], [34], [35]-

Game theory and contract theory can be utilized to come up with and think about these kinds of incentives [36].
Researchers can tell if working together is the best choice by understanding stakeholders as people who seek to make
the most of their own position. By figuring out what rewards and punishments are needed to get different sorts of supply
chain networks to use blockchain, theoretical models can assist make regulations in the actual world.

There is a lot of study on how to use blockchain in supply chains, but not much on how to encourage people to use it by
giving them incentives. Most of the study that has been done so far has been on whether the technology is possible, how
pilot programs work, or the big benefits. It hasn't gone into much detail regarding the most significant issue, which is
why stakeholders act the way they do. We need to fill this gap so that small experiments can be used on a large scale
over a lengthy period of time.

This review article seeks to fill this gap by collecting together all the research that has already been done on using
blockchain to improve supply chains. It does this by looking at both theoretical and real-world ways to create incentives
and pointing out areas where more research is needed. This study uses ideas from economics, behavioral science, and
operations management to enable blockchain technology make supply chains that are open, robust, and moral by
creating powerful, beneficial incentive structures.

2. Blockchain in Supply Chain Management

2.1. Applications and Benefits

Blockchain technology offers a range of applications and benefits that have the potential to transform traditional supply
chain operations. Blockchain fixes a lot of problems that have been around for a long time in the supply chain, like
information asymmetry, a lack of traceability, and a lack of trust among stakeholders. It does this by providing a safe,
open, and decentralized ledger. Here are several significant uses and the benefits that come with them.

2.1.1. Provenance and Traceability

One of the best things about blockchain for supply chains is that it makes it easier to find out where products came from
and how they got there. It's not always easy for traditional supply chains to have clear, verifiable records of how a
product gets from the source to the final user. This lack of openness makes it simpler for phony items, improper labeling,
and unethical sourcing to happen.

Blockchain keeps a record of every transaction or step in a process on a distributed ledger that can't be modified. At
every step, each stakeholder can see where things originated from, where they went, and how they changed. In the food
business, for example, blockchain lets you trace ingredients back to the farm where they came from. This helps quickly
locate the sources of contamination during food safety issues. Blockchain helps the pharmaceutical industry maintain
track of medications safely so they can fight fraudulent drugs and make sure they meet laws like the Drug Supply Chain
Security Act (DSCSA) [36].

2.1.2. Authentication and Anti-Counterfeiting

It is claimed that the world market for phony goods is worth more than $500 billion a year. This has an effect on firms
that sell electronics, drugs, luxury goods, and car components. Giving items unique digital identities is a strong approach
to check them out with blockchain.
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These digital IDs can be linked to tags or smart labels that can't be modified or copied to make sure that product
information stays the same. Blockchain-based apps make it easy for customers and supply chain partners to confirm
the legality of products, which cuts down on fraud and promotes trust in the brand.

2.1.3. Smart Contracts and Process Automation

Smart contracts are agreements that automatically carry out their conditions, which are already set on the blockchain.
When certain circumstances are met, smart contracts in supply chains automatically carry out transactions. This saves
the individuals in charge time and money and cuts down on paperwork.

For instance, the terms of payment may depend on gaining confirmation of delivery and the results of a quality
inspection. The smart contract can automatically pay the supplier once the shipment has been examined and proven to
be in order. This automation makes things go more smoothly, speeds up the flow of cash, and stops fights.

2.1.4. Enhanced Supply Chain Collaboration

Blockchain makes it secure and easy for everyone in the supply chain, from suppliers of raw materials to end merchants,
to share information. In the past, supply chain data was split up and kept in different areas, which led to poor decision-
making and inefficiencies.

Blockchain allows everyone involved access to a single, tamper-proof source of truth. This makes it easier to plan
production, estimate demand, and optimize stocks. More open data helps people trust one other and make decisions
together. This is very helpful in supply chains with several levels and many separate enterprises [37], [38].

2.1.5. Sustainability and Ethical Compliance

People and governments demand more and more proof that businesses are doing the right thing, like providing fair
working conditions, getting their supplies in a way that doesn't hurt the environment, and having a lower carbon
footprint[37]. Blockchain assists these projects by keeping track of sustainability factors that can be examined and
validated.

Blockchain can keep track of whether or not someone is following certifications like Fair Trade, Organic, or Forest
Stewardship Council (FSC). By being honest about how they get their resources ethically, businesses may stand out in
the market and meet tight regulatory demands.

2.2. Adoption Barriers

Blockchain technology has a lot of promise and can help with supply chain management in many ways, but not many
people are using it currently. It's necessary to know about these problems in order to create successful incentive
structures that connect the goals of all stakeholders with the goals of collective transparency. People don't use it because
of three main sorts of problems: technological, economic, and behavioral.

2.2.1. Technical Barriers

One of the foremost challenges to blockchain adoption is its technical complexity and integration difficulties. Many
supply chains rely on outdated systems that have been established and upgraded over time. Adding blockchain to these
systems usually entails a lot of redesigning, custom development, and moving data, all of which can get in the way of
business as usual.

There are still concerns about how well blockchain can grow. Modern supply chains that process millions of transactions
every day demand very fast networks, and public blockchains may not be able to handle that. Even permissioned
blockchains, which are supposed to make things more scalable, can have trouble with performance when more users
and data are added.

Interoperability is also a difficulty with technology. People in supply chains often use diverse software platforms,
standards, and data formats. Making a blockchain solution that works effectively with diverse systems in different firms
and countries is hard from a technical point of view, and it usually takes a lot of work to make things the same.
The quality and accuracy of data make it even harder to accept new technology. Blockchain makes sure that data can't
be modified, but it doesn't check to see if the data that enters in is accurate or reliable in the first place. The "garbage in,
garbage out" problem is what this is called. [oT sensors, RFID tags, and tight validation criteria are needed to make sure
that data inputs are accurate and can't be modified.
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2.2.2. Economic Barriers

Setting up blockchain is also very expensive at first, which is another huge difficulty with it. Buying new equipment,
building new software, putting in place cybersecurity measures, and organizing training programs are needed to set up
blockchain infrastructure. Small and medium-sized firms (SMEs) may not be able to afford these initial costs, especially
if they don't know how long it will take to get their money back.

Also, the costs and benefits are not always evenly distributed out among everyone in the supply chain. Retailers and end
consumers may benefit a lot from enhanced traceability and brand trust, but upstream suppliers may have to pay a lot
of the costs without seeing any immediate benefits. This difference could make people higher up the chain less likely to
put money into adopting blockchain [40].

People are also cautious since they don't know how much money they would save in the long run. Supporters say that
there could be benefits including fewer fraud, speedier settlements, and lower administrative costs. However, these
benefits are often simply theoretical until they are validated through large-scale deployments. People are considerably
more worried about the economy since they can lose money on failing pilot ventures.

Companies may also be cautious to invest in a technology that is still changing swiftly because they are scared that the
systems they use now may become obsolete or not work with new standards. Companies might not want to invest in
blockchain projects since they don't know how the technology will work.

2.2.3. Behavioral and Organizational Barriers

Aside from technical and economic problems, behavioral and organizational concerns are also very crucial in keeping
blockchain from being adopted. It's a well-known problem that people don't want to shift as technology changes. Both
workers and managers may feel intimidated by new systems that change how things are done, introduce automation,
or need new skills.

It's even harder for supply chain partners to work together because they don't know how to use technology.
Implementing blockchain demands not only IT expertise but also a fundamental understanding of decentralized
systems, cryptographic security, and smart contracts. A lot of organizations, especially those in traditional
manufacturing and logistics, might not have the expertise they need to deal with all of these issues.

People are considerably less likely to use data when they are worried about its privacy. People are worried about
providing competitors or other supply chain members access to important operational data because blockchain is open.
This is beneficial for trust and traceability. People that are involved in the project may be apprehensive that providing
data could disclose how the company makes money, how it functions, or where it is weak and could be taken advantage
of [41], [48].

Adoption is also harder because everyone has to work together. The more people who use blockchain in a supply chain,
the more useful it gets. Its benefits are best when all or most of the people in the supply chain take part. But it's always
challenging to get a bunch of autonomous groups with various aims and levels of risk to work together. Everyone might
be stuck, waiting for someone else to go first if there isn't a central coordinating authority.

2.2.4. Importance of Incentive Design

Incentives are highly crucial for motivating people in the supply chain to use new technology and work together to make
the overall system better. When using blockchain in a supply chain, incentives are highly crucial because everyone needs
to work together, exchange data, and make substantial investments at the beginning.

2.2.5. Aligning Individual and Collective Interests

There are a lot of different people who work in supply chains, like raw material suppliers, manufacturers, logistics
businesses, distributors, and retailers. Each actor usually does what's best for them, which means minimizing costs,
raising revenue, and lowering risk. Blockchain works best when a lot of people are involved and all parts of the supply
chain contribute data that is accurate and consistent.

People may not want to use blockchain if they don't see the benefits immediately away and don't see it as an investment
that would create value. For example, a supplier would have to pay to adopt blockchain, but they might not see a return
right away from the increased transparency downstream, which mostly assists customers or retailers. Incentive
systems help close this gap by making sure that everyone who uses blockchain gets a fair share of the benefits [43].
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2.2.6. Historical Precedents in Supply Chain Incentives

It's a well-known idea to use prizes to urge individuals to work together in supply chains. A lot of people have looked
into and employed standard contracts like revenue-sharing agreements, buyback contracts, and cost-sharing
arrangements to make sure that everyone in the supply chain is on the same page.

For instance, revenue-sharing contracts can fix the double marginalization problem in supply chains by making sure
that choices about prices and inventories are in sync. These boosts shared revenues [44], [45]. Buyback agreements
function the same way: they enable suppliers promise to buy back unsold goods to get merchants to order more. This
makes it less likely that demand will change.

These examples show that carefully planned incentives may help people work together better, make the whole system
work better, and make sure that everyone gets a fair share of the advantages of working together. These traditional
ways of doing things can teach us a lot about how to design incentive systems that work with blockchain.

2.2.7. Designing Effective Incentive Mechanisms for Blockchain

Designing incentives for blockchain adoption requires a nuanced understanding of stakeholder motivations, cost
structures, and benefit distribution. Rewards must be substantial enough to offset adoption costs (Ci) and perceived
risks, while penalties must be enforceable and severe enough to deter non-compliance without driving actors out of the
supply chain entirely.

Penalties should be harsh enough to keep people from breaking the rules, but not so strong that they have to leave the
supply chain. Also, incentives should be able to alter with the market and the growth of technology. People that employ
new technology early on could need bigger awards because the dangers and costs are higher at initially. People who
embrace it later may need lower rewards because the technology has been around longer and the benefits are more
known.

Incentive schemes should also consider behavioral factors. Money rewards aren't always enough; recognition, a
stronger reputation, and long-term strategic benefits can all be quite motivating. Using both money and non-money
incentives can help things work better and reach more people.

3. Theoretical Approaches to Incentive Design

3.1. Game-Theoretic Models

To analyze strategic interactions and cooperative behavior in supply chains game theory has been widely used. It gives
a strong way to highlight the choices of self-interested stakeholders that have to choose between working together (like
using blockchain and sharing honest data) and not working together (like withholding data or giving misleading
information).

As like the game theory, in the blockchain-enabled supply chains, each stakeholder can be viewed as a rational actor
trying to maximize their individual payoff. Researchers and lawmakers may be able to develop incentives that connect
people's interests with the goal of making the supply chain more open if they understand these reward systems.

For blockchain adoption, the payoff for stakeholder i defined as [38]:
Ui(T) =Bi+Ri—Ci

Where:

Ui(T): Amount of payoff for stakeholder i for adopting blockchain.

Ci: The cost of implementing blockchain technology, which includes making changes to how things work, training staff,
and adding it to existing systems.

Bi: The benefits realized from improved transparency, such as enhanced reputation, access to premium markets, and
operational efficiencies.

Ri: External rewards or subsidies provided by governments, industry consortia, or lead firms to encourage adoption.
Pi: Penalty or expected loss from non-compliance, which could include regulatory fines, loss of contracts, or reputational
damage.
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On the other hand if the stakeholder i does not adopt blockchain then the payoff will be [38],
Ui(NT) = —Pi

Ui(T): Payoff for stakeholder i for not adopting blockchain.
Pi: Opportunity loss for not adopting (e.g., inefficiency, lost market access)
For truthful adoption to be the rational choice for stakeholder i:

Bi+Ri+ Pi = Ci
This requirement makes sure that the total perceived advantages and rewards, as well as the penalties avoided, are
more than the costs of adoption. In this instance, the best thing to do is to join a blockchain. In this case, the system
enters a Nash equilibrium when no stakeholder can gain more money by changing their strategy on their own.

Policymakers and supply chain leaders can make sure that "adopt and share truthfully” becomes a long-term stable
outcome by carefully building Ri and Pi.

Blockchain Incentive Design

Ui(T) = Bi+Ri-Ci _ Li(NT) =-Fi
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A

Ci, .
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@

. Penalty for Mon-compliznce ]

Figure 2 Payoff comparison and adoption condition

In addition, the way rewards and punishments are given out can be changed for different people based on how much
they cost and how much they could gain. For instance, upstream providers with higher implementation costs may need
bigger Ri to get people to join, while downstream actors may only need minimal changes.

The framework above shows a static, one-shot game, while real-world supply networks work all the time, which
suggests a repeating game model. In repeated contacts, the promise of future collaboration and the threat of future
sanctions can make stakeholders even more likely to use blockchain and be honest. Reputation effects in repeated games
add further informal penalties: stakeholders who don't follow the rules risk losing trust and future business prospects,
which makes them much more likely to follow the rules [47].
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Positive network effects make it easier for people to use blockchain: the more people who use it, the more useful it
becomes. In game theory, coalition formation is when groups of stakeholders work together to achieve benefits that
everyone can use. This can then get more folks to join. The "adoption cascade,” which is a type of progressive adoption
dynamic, is useful for constructing phased incentive systems that start with early adopters and grow to include later
participants.

3.2. Contract Theory

Contract theory is better than game theory because it shows how to write contracts that make it apparent what rewards
and punishments will happen depending on behaviors that can be seen and checked. People have utilized contract
theory in supply chains for a long time to lower moral hazard and get people to do the right thing.

3.2.1. Application in Blockchain-Enabled Supply Chains

Contract Theory lets us make clear rules for how to share data and use new technology when it comes to blockchain.
Putting these obligations into formal contracts makes it clear what everyone needs to do, which makes it less likely that
someone will try to take advantage of the situation.

3.2.2. Role of Smart Contracts

Smart contracts are self-executing agreements coded on the blockchain that automatically enforce the provisions of the
contract when certain criteria are met. This makes contract theory stronger. Smart contracts cut eliminate the
intermediaries, minimize the costs of running a business, and make sure that incentives and penalties are carried out
on time and without bias.

For example:

e Payments can be paid right away when the shipment arrives and meets the quality standards.

e Ifsomeone is caught lying about data or not keeping track of it, they can be in trouble straight quickly.

e Tiered incentive structures can be adopted to provide higher rewards for early adopters or for actors who
maintain compliance over time.

Game=Theoretic Incentive Framework

Identify Stakeholder Costs and Benefits

r

Design Reward Mechanism (Ri)

i

Define Penalties (Pi)

Check adoption
Condition on
(Bi-Ri+Pi = Ci)

Truthful participation Truthful participation
Equilibrium Achieved Equilibrium Not Achieved

Figure 3 Stepwise design process from cost/benefit analysis to equilibrium
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3.2.3. Risk Sharing and Flexibility

There are also ways for the parties to share risk in contracts, which can help keep expenses down when starting out.
For instance, cost-sharing agreements can divide the costs of putting blockchain into action among all the supply chain
participants. This makes it easier for everyone to work together and decreases their personal risk. Contracts can also
be written in a way that lets them change with the market. Dynamic clauses let you adjust the rewards and punishments
as the laws change, the costs of technology go down, or the number of individuals who accept something changes[46].

3.2.4. Enforceability and Legal Considerations

Smart contracts are great, but whether or not they can be enforced relies on the laws in the countries where the people
in the supply chain operate. Varied countries have varied laws around smart contracts, and when it's not apparent how
they will be enforced, they may not be as effective in real life. So, to be sure something is powerful, you often need to
employ both the law and technology together.

4. Empirical and Simulation-Based Approaches

4.1. Case Studies

Real-world blockchain pilot projects have taught us a lot about how to use blockchain technologies in supply chains.
These case studies help connect what we know about the theory with what we know about the problems that come up
in real life. They show both what makes adoption easier and what makes it harder.

4.1.1. IBM Food Trust

The IBM Food Trust project is a good illustration of this. It works with big stores like Walmart and Carrefour to make
food safer and easier to trace. Using blockchain, people can see where food comes from and where it goes in almost real
time. This openness makes it easier to find and stop foodborne illness outbreaks, helps with inventory management,
and builds trust with customers.

Important things from IBM Food Trust consist:

e Advantages of being an early mover: Companies who use blockchain early can help set standards and improve
their standing in the industry.

e Trustinthe brand and reputation: More openness is a great way to market a product since it makes people feel
safe and confident in its quality.

e Cost and complexity: High upfront costs and problems with integration are still big problems, especially for
small companies.

4.1.2. VeChain

VeChain's main areas of concentration include stopping counterfeiting and verifying products, especially luxury goods,
wine, and car parts. VeChain lets customers and business partners check the authenticity and trace the origin of items
by giving them unique digital identities and documenting their lifecycle data on the blockchain.

Outcoms from VeChain include:

o (Consumer empowerment: Giving consumers the power to check things directly gives brands a strong reason to
use blockchain.

e Value chain distinction: Brands can use openness to explain why their prices are higher and to strengthen their
market differentiation.

e Ecosystem partnerships: To make things work, you typically need to work closely with your supply chain
partners and technology providers.

Strong leadership commitment, benefits for consumers, and cooperation from regulators are some of the things that

make these scenarios possible. On the other hand, impediments often include not being ready for new technology, not
sharing benefits evenly, and worries about keeping data private.
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4.2. Agent-Based Modeling

Agent-based modeling (ABM) is a great way to examine complicated systems with different actors that interact with
each other. In supply chain settings, ABM lets researchers simulate each stakeholder (agent) with different traits, rules
for making decisions, and ways of learning.

4.2.1. Benefits of Incentive Design

o Different behaviors: ABM shows how different supply chain actors have varied levels of risk tolerance, adoption
costs, and perceived rewards.

e Emergent dynamics: ABM shows how local choices add up to create global system-level patterns, such adoption
cascades or resistance clusters.

e Network effects: ABM analyzes network externalities in a clear way, showing how the value of using blockchain
goes up as more people use it.

4.3. Sensitivity Analysis

Sensitivity analysis is the process of changing important parameters in a model in a planned way to see how they affect
the results. When designing blockchain incentives, sensitivity analysis can help find the aspects that have the biggest
effect on stakeholders' decisions and the overall adoption rate.

4.3.1. Applications in Designing Incentive

e Reward and penalty thresholds: Set minimum reward levels or maximum acceptable penalties that will
encourage people to adopt.

o Cost-benefit ratios: Analyze how changes in adoption cost (Ci) and perceived benefits (Bi) affect the success
of incentive programs.

e Network structure impacts: Assess how the structure of the network (for example, centralized vs.
decentralized) affects how well incentives operate.

4.3.2. Policy Implications

Policymakers and supply chain leaders can use sensitivity analysis to:

e Decide how to best use resources for the most effective incentives.
e Create rules that can change if costs or market conditions change.
e Finding strong strategies that work well in a variety of uncertain future situations.

There are still big gaps in both academic and practical literature when it comes to using theoretical models like game
theory and contract theory to figure out how to encourage people to use blockchain. These gaps make it hard to go from
ideas to broad, effective use in the real world.

5. Limited Research on Dynamic Incentives

Most of the research that has been done thus far has looked at static, one-time incentive structures. But supply networks
are continually evolving because of new rules and regulations, new technology, and changing market needs. The costs
of using blockchain (Ci) generally decrease down over time as technology gets better and people learn more about it.
On the other side, the benefits (Bi) may go up if individuals want more transparency [42].

There is a clear need for research into dynamic, time-dependent incentive mechanisms that adapt to these changes.
Making incentives that alter as people go along the adoption curve keeps people motivated and gets people who are late
to the party to join in.

5.1. Insufficient Analysis of Cross-Cultural and Jurisdictional Differences

Supply chains often go across borders, and each country has its own norms, culture, and laws. The way that penalties
are implemented (Pi) can be highly different from one place to another, depending on the local laws, the strength of the
institutions, and how people feel about following the rules and being open.
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Most of the research that has been done so far has not looked at how these differences in jurisdiction affect how well
incentive schemes work. We need to perform comparative study in other locations to find out how local conditions affect
stakeholder behavior and to come up with the optimal incentive systems for those conditions.

5.2. Lack of Integrated, Multi-Dimensional Approaches

Most studies just look at economic incentives on their own and don't fully consider how behavior and technology affect
them. Stakeholders' choices are affected by a number of factors, including financial incentives, perceived risks, cultural
norms, organizational readiness, and technical skills.

A comprehensive framework combining economic, behavioral, and technological incentives is necessary to address
these interdependent factors holistically. For example, giving someone money together with technical training and
public recognition might be more effective than just giving them money.

5.3. Limited Empirical Validation

Models based on theory and simulation are helpful, but there isn't enough real-world research to back them up. We
need to undertake additional field tests, long-term studies, and huge pilot projects to see how effective the theories are
in the actual world and make them more accurate.

6. Future Research Directions

6.1. Empirical Validation

Future research should focus on integrating empirical data to validate theoretical incentive models. Field studies,
controlled experiments, and large-scale pilot programs can provide insights into real-world effectiveness and uncover
context-specific challenges and enablers.

6.2. Hybrid Modeling Approaches

Developing hybrid frameworks that combine agent-based simulations with optimization and econometric models can
provide more robust predictions. Such approaches can capture both micro-level behaviors and macro-level system
dynamics, offering more comprehensive guidance for policy and managerial decisions.

6.3. Incorporating Sustainability and Social Responsibility Incentives

Beyond economic incentives, future studies should explore how environmental and social responsibility incentives can
motivate blockchain adoption. For example, linking blockchain adoption to carbon credits, sustainability certifications,
or ethical sourcing labels may align with broader corporate strategies and attract environmentally conscious
consumers.

6.4. Investigating Coalition and Network Effects

Research should also examine the role of coalition formation and network dynamics in blockchain adoption.
Understanding how alliances among early adopters or industry consortia influence broader supply chain adoption can
inform strategies for achieving critical mass and maximizing network effects.

6.5. Behavioral Economics Insights

Integrating insights from behavioral economics, such as framing effects, loss aversion, and social norms, into incentive
design can further enhance effectiveness. Future work can explore how psychological and social factors interact with
economic incentives to shape stakeholder decisions.

7. Conclusion

Blockchain technology has made supply networks more transparent, honest, and reliable.  Blockchain helps to keep
track of where goods originate from, make sure they are legal, and build trust with customers in ways that were never
possible before. Right now, it's not practical to use blockchain in supply chains because of a number of problems with
the technology, the firm, and how people work.
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This review has showed how important it is to provide people rewards to fix these problems. We used ideas from game
theory and contract theory to show that people can work together to make the community more open if they get the
correct rewards and punishments. Incentive systems can help everyone in the supply chain make the right choice by
making sure that the perceived benefits and incentives are greater than the costs of following the rules and the chance
of being punished for not doing so.

IBM Food Trust and VeChain are two instances from the real world of how blockchain technologies may work. It
underscore the importance of strategic incentives, including early mover advantages, brand differentiation, and
enhanced consumer trust. In addition, simulation approaches like agent-based modeling and sensitivity analysis offer
valuable tools for evaluating and optimizing incentive strategies before large-scale implementation.

Even with these adjustments, the study still has a number of flaws. There hasn't been enough research on things like
dynamic and adaptive incentives, differences in culture and laws, and integrated multi-dimensional approaches that
look at economic, behavioural, and technological factors. We need to patch in these holes so that we can make complete
solutions that will let a lot of people use blockchain for a long period.

This study shows policymakers how important it is to have centralised monitoring, pooled transparency financing, and
incentive structures that change with the market and technology. Managers need to make little adjustments, get
stakeholders involved, and relate to people in the correct way to develop trust and commitment in a company.

Researchers should spend more time testing theoretical models in the real world, looking into hybrid simulation
frameworks, and making sure that incentives are designed with social responsibility and sustainability in mind.
Learning more about coalition effects and how networks work will also help us find more ways to reach critical mass
and make the most of blockchain through network effects.

Setting the right incentives is not just one component of constructing technologys; it is the most critical thing that will
help blockchain change supply chains. If people think that their own goals are in harmony with the group's goals, they
can transition to open, strong, and socially responsible global supply chains. This can help with rewards that are strong
and well thought out. Blockchain technology can help develop supply chains that are completely open and reliable. This
is feasible because of research that crosses fields and policies and actions that operate together.
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