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ABSTRACT

To assess the efficacy of blockchain technology in food tracking, this article proposes a combined Interpretive Structural Modeling (ISM) and DEMATEL (Decision
Making Trial and Evaluation Laboratory) strategy. The blockchain-based food tracking system is developed and implemented using ISM strategy, while important
variables influencing success of system are identified using DEMATEL technique.

There are a number of steps involved in the ISM method, including needs collection, analysis, design, execution, and upkeep. Information system requirements are
defined and issue context is gathered during requirements collecting process. In the research process, the system's goals and limitations are determined. During the
planning stage, the system's framework and user interface are planned out in great depth. In the execution stage, you'll be responsible for constructing and evaluating
the system. As the system ages, it will need periodic upkeep and updates, which is what this stage is all about.

To determine what variables, affect performance of blockchain-based agricultural tracking system, the DEMATEL technique is applied. Technical practicality,
financial sustainability, and societal approval are all important considerations. A plan for introducing blockchain-based food-tracking system is formulated using
the findings of the ISM and DEMATEL analyses.

When applied as a whole, the suggested combined ISM and DEMATEL method can be used to assess the efficacy of blockchain technology for food tracking and
isolate the variables most likely to contribute to its widespread adoption. This method can aid in creation of a reliable blockchain-based food tracking system, which
in turn will help to guarantee safety of food goods and increase transparency in their provenance.

Keywords: Blockchain, ISM, DEMATEL, Food traceability.

1. Introduction

Blockchain technology has the potential to revolutionize the food traceability system by providing an immutable, decentralized, and transparent record
of food products throughout the entire supply chain. By using a combination of ISM and DEMATEL techniques, it is possible to fully understand the
complexity of the food traceability system and identify the key factors that need to be addressed to successfully implement a blockchain-based solution.
One of the major advantages of using blockchain technology for food traceability is its ability to create a tamper- proof record of all transactions and
interactions that occur throughout the supply chain. This means that every time a food product is bought, sold, or moved, a record of that transaction is
added to the blockchain, creating a permanent and unchangeable record of the product's journey from farm to plate. This level of transparency and
accountability can help to build consumer trust in the food system, as well as provide valuable information for food safety and regulatory compliance.

The integration of ISM and DEMATEL techniques allows for a thorough understanding of the complex relationships and interdependencies between the
different actors and factors involved in the food traceability system. By using these techniques, it is possible to identify the key drivers and barriers to the
successful implementation of a blockchain-based solution, as well as the impact that such a solution would have on the various stakeholders involved.
This information can then be used to design and implement a blockchain solution that addresses the unique needs and challenges of the food traceability
system.

In addition to increasing transparency and accountability, the integration of blockchain technology into the food traceability system can also bring
significant benefits in terms of efficiency and cost savings. By automating many of the processes and tasks that are currently performed manually, such
as product tracking and traceability, blockchain can help to reduce errors and streamline operations, resulting in lower costs and higher productivity.

As a whole, the food system could benefit greatly from the incorporation of blockchain technology in food tracking system due to increased openness,
accountability, and effectiveness. Understanding food traceability system's intricacy and developing a blockchain-based solution tailored tosatisfy the
food traceability system's unique requirements and challenges requires a combined ISM and DEMATEL strategy.
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When the environment becomes more difficult, effective decision-making is always preferable. Decision-makers will always be obligated to examine
complicated and ambiguous circumstances to determine the causal link of an issue and make informed decisions. It is critical to comprehend the situation
to make an informed choice or act.

When there is a lot of uncertainty in the situation, the cause-effect link is important. Capturing the cause-and-effect link is a difficult endeavour. The
DEMATEL method, which employs matrices or digraphs to depict the architecture of complex causative relationships, was developed initially at Geneva
Research Centre of Battelle Memorial Institute. As a form of structural modeling, it is particularly useful for investigating the correlations between various
parts of a system. By validating dependency among components and aiding in the construction of a map to show relative links within them, the DEMATEL
can be used to explore and resolve complicated and intertwined issues. This method employs grids to categorize causal connections among components
and an impact relation map to pinpoint key parts of an intricate framework. Due to its usefulness and versatility, DEMATEL's method has been widely
adopted by scholars in recent years, who have applied it to problems involving complicated systems in a wide range of disciplines. Additionally, the
DEMATEL has been refined for better decision-making in many circumstances due to the fact that many real-world systems contain unclear and unsure
information.

To the best of our knowledge, no comprehensive review of the DEMATEL technology and its applications has been conducted. Supply networks are
constantly evolving to adapt to the global market's dynamic and unpredictable developments. The increasing complexity of its constituents, as well as the
quantity and types of relationships between them, is causing new issues in supply chain management, including supply. Because of the evolution of such
supply chains, all functional areas of logistics management must be continually upgraded. Supply management, often known as the procure-to-pay
process, is one of the most fundamental logistical procedures.

Without satisfied suppliers, it is impossible to attain cheap costs and high-quality products in today's competitive business world. As a result, selecting a
capable supplier group and maintaining supply chain relationships is one of the most crucial purchasing decisions. Because various variables must be
considered in the decision-making process, supplier selection is a tough and complex process. Due to increased expenses, suppliers are becoming a hurdle
for enterprises. The selection of a suitable supplier, on the other hand, is critical to the success of good supply chain management. According to experts,
selecting suppliers is one of the most important components of the purchasing process since it lowers costs and offers you a competitive advantage.

As a result, to acquire a competitive edge today, organizations must shift their perspective toward suppliers from enemy to partner. As a result, supply
chain management necessitates a more effective and efficient evaluation of supply performance. Choosing the right supplier is an important part of
reaching your supply chain management goals. To put it another way, although supplier selection affects the supply chain process, bad supplier selection
affects supply chain management directly. Supply chain management is a strategy and tool for coordinating suppliers, manufacturers, warehouses,
distribution hubs, and distributors to lower the supply chain's overall cost. Supply chain management begins at the manufacturing facility and ends at the
point of consumption. It refers to a process in which material, information, money movement, and players interact across the whole value chain.
Mismanagement of the supply chain causes unpredictability and unexpected problems. Supplier selection and assessment, which is closely linked to the
supply strategy, is an element of the process. This will be the primary focus of this research.

2. Literature review

1. J_Ravi Sankar et al (2016): For isolating the source and effect of any problem, the decision-making trial and evaluation laboratory
(DEMATEL) approach is applied. Any problem's maximum age or peak factor is determined using the Combined Effect Time- Dependent
matrix (CETD). As a result, rather than finding the peak factor of the cause- effect group individually using the CETD matrix, a new model
could be constructed by integrating the prominent characteristics of DEMATEL in the CETD matrix, allowing the peak factor of the cause-
effect group problem to be identified concurrently. The model's validity is demonstrated by its application to the problem of aggressive conduct
and engagement in violence.

2. Akbar Alam-Tabriz et al (2014): Supplier selection has become a vital strategic aspect for most organizations in the recent changing and
dynamic environment, due to current rivalry and the necessity for collaboration among enterprises. Supplier selection is a multi- criteria
problem comprising quantitative and qualitative criteria, as well as complicated linkages that may involve trade-offs and interactions. The
research proposes a unique hybrid multi-criteria decision-making (MCDM) technique to account for complicated linkages and trade-offs across
criteria. Given these ambiguous or unclear criteria, it is critical to use a fuzzy technique to handle the ambiguity and produce more accurate
outcomes. The ANP approach for obtaining the proper weightings for each sub-criterion was created to address the issues of criteria
dependency and feedback. The DEMATEL approach is used as a support tool for ANP to identify a relationship network among criteria. The
TOPSIS algorithm is then used to rank all competing options based on their performance. Because of its benefits in handling issues with trade-
offs-including criteria, TOPSIS has lately become standard in MCDM research for evaluating alternatives. Finally, a numerical example is
provided to demonstrate how the suggested model might help solve the supplier selection problem.

3. Aagnieszka-Szmelter-Jarosz (2019): The rising complexity of supply networks necessitates the optimization of several areas. Complex
relationships between different players on multiple marketplaces point to the necessity for decision-making simplicity while remaining focused

on the organization's goals and priorities. The development of multi-criteria decision-making support approaches is particularly relevant to
logistics assistance, especially supply management. The DEMATEL technique, which is a traditional strategy of evaluating suppliers based
on survey or interview data, is one of the most extensively utilized in this industry. The purpose of this article is to show how the supplier
assessment technique is applied based on the criteria that decision-makers deem important. The variables were chosen based on the findings
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of the literature study. The process for evaluating was then explained, followed by an empirical case. The article can help decision-makers in
single firms and supply chains improve their evaluation methods so that they can satisfy the standards that are most important to them.

Sajede Mirmousa et al (2016): Managers must routinely assess the effectiveness of their seller selection processes because vendors can have
far-reaching impacts on the success of their organizations. Therefore, 43 crucial factors were found in choosing the suppliers in this study by
using library studies that spanned Persian and English resources and assessing other papers connected to this topic. After 14 factors were
double-checked using the flexible Delphi method, the DEMATEL questionnaire was distributed to 11 specialists and faculty members. With
the help of MATLAB and the fuzzy DEMATEL technique, an effort was made to assess the connections between indices and the rate at which
the criteria for choosing vendors are important and affected by using the CFCS algorithm developed in codes. Experts, specialists, the CFCS
algorithm, & fuzzy DEMATEL technique were all used to determine that financial stability index had greatest influence on the completion of
the project reviewing the relationship related to the optimum choice of suppliers for Yazd universities.

Burak Leblebicioglu et al (2021): In today's competitive corporate world, efforts to enhance supply chain management systems, which have
grown in prominence during the 1990s, have become an increasingly crucial phenomenon. Attention has shifted to the health sector and efforts
to reform it, particularly considering recent events. Supplier selection, which is the most basic criterion in supply chain management, as well
as the criteria that decide these decisions, are among the most pressing concerns. Knowing the major criteria of pharmacies in the selection of
suppliers in the health sector will assist both the players who play a part in the sectoral dynamics and the firms in today's environment, where
costs are reflected in pricing and quality and service performance affect competitiveness. As a result, to call attention to the issue of pharmacy
supplier selection, Fuzzy DEMATEL was utilized as a study technique, and pharmacy supplier selection criteria were reviewed.

Mukesh Kumar et al (2019): Due to global competitive advantages in a continuously changing business environment, the agile supplier
selections (ASS) method has been popular in recent years. The main requirement for market fluctuations and increased customer response is
sustainable agile performance requirements. As a result, adapting the ASS process is a critical necessity for overcoming market fluctuations,
and it is impacted by a variety of factors. Due to numerous uncertainties of market demand, lumpy demand, and mismatch of supply and
demand patterns, ASS is a key issue in Supply Chain Management (SCM), making supplier selection a challenging process in the automotive
sector. It is important that inter-organization balances the effective and efficient customer demands in turbulent market demand patterns due
to volatile market demand and increased customer response. The solution to this challenge will be to include human judgment skill capabilities
into language scale patterns. To improve its worldwide competitiveness, ASS has used methods such as fuzzy logic and DEMATEL
techniques. It uses suitable ASS performance criteria to try to keep up with the variable market demand. 14 agile supplier selection criteria
were chosen with the aid of the literature review for greater influence or support for ASS procedures.

Sajad Karimi Ghasem Abadi et al (2021): The resilience approach to supply chain management is one of the techniques that firms use to
survive in today's chaotic environment. Supply chain managers have discovered that rivalry between supply networks has been replaced by

competition between firms. As a result, they are more interested in gaining a competitive advantage in their own supply chain than in the past.
In today's risk- filled climate, a resilient supply chain is a critical competitive advantage. Supplier selection is one of the most resilient aspects
of supply chains. It provides advantages like flexibility, risk management, and quick response to completed delivery orders. To develop
effective criteria for resilient supplier selection, this study employed fuzzy DEMATEL based on Analytical Network Process. SAPCO
Company experts took part in a two-part structure. Groups in this research 15 experts created one group to screen the criteria model, while
seven experts formed another to analyse the link between criteria and categorization suppliers. According to the report, supplier risk is the
most important consideration, followed by supplier flexibility and response. As much emphasis is given to the technological component, and
inter-criteria are given to the capability of technology. Finally, based on the findings of this investigation, a recommendation is made to
SAPCO executives.

Mohamadtaghi Rahimi et al (2021): The Intuitionistic Fuzzy Set (IFS) concepts have been shown to be highly successful in many uses areas
for a more human coherent thinking under poorly specified facts and unclear information. Our study introduces a new fuzzy decision-making
approach, intuitionistic fuzzy entropy measures, by combining entropy and intuitionistic fuzzy sets. In this case study, we apply the model we
created, which is based on entropy, to the task of analyzing the scores of suppliers in the actual world. Additionally, an intuitionistic fuzzy
entropy measure in connection to the criterion is used to create the weights for each option. The supplier with the highest total weight is
selected as the finest available option.

3. ISM (Interpretive Structural Modeling)

Interpretive Structural Modeling (ISM) is a method used to analyze and structure complex systems. It is a powerful tool for understanding the relationships
between the elements of a system and how they influence each other. ISM is a method that helps to identify the interdependencies between factors and
their causal relationships. It can be used in a wide range of fields such as engineering, management, and social sciences.

The ISM process consists of several phases:

Identifying the elements of the system.

Determining the relationships between elements, which can be positive, negative, neutral or circular.
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®  Creating a matrix that represents the system and the relationships between elements.
®  Analyzing the matrix to identify the key drivers and constraints in the system.
®  Prioritizing the elements to understand which elements are the most important to address.

The ISM strategy can be used to evaluate a broad variety of issues, including those involving corporate structures, social systems, and technological
systems, thanks to its flexibility and adaptability. ISM can be used to better comprehend the system's intricate interplay, zero in on the system's most
important determinants and limits, and plan for the system's future administration and enhancement..

Structural Self-Interaction Matrix (SSIM)

Variables 1

Lack of Knowledge VIVIVIVIVIVIVIVIV V|V |V |VIV VIV VIVIV
Cost and Complexity VIVIVIVVVIVIVIVVVVIVIVIVIVV|V
Lack of Standardization VIVIVAVIVIVVVVVIVIVIVIVVV
Data Privacy and Security VIVIVIVIVIVIVIVIA|IVIVIV IV VIVIV
Limited Knowledge and Understanding VIVIVIAIV VIV IV |VIV VAV IVIV
Regulatory Environment VIVIVIV |V VIV IVIV IV |VIVIV |V
Interoperability VIVIV VIV |V |VIOV IV VAV
Scalability VIV IVIVIVIVIVIVIVIVIVIV
Food Traceability Issues VIVIVIVIAIVIVIVIVIV |V
Traceability of multi-ingredient food products VIVIVIVIVIXVIVV|V
Integration with existing systems VIVIVIVIVVIV V|V
Technology Scalability Issue VIVIVIVIVIVIVIV
Posstbilities of Raw Data Manipulation VIVIVIVIVIV|V
Require all Stakeholders within a Food Supply Chain VIVIVIVIVIV
Laws need to be Updated VOV IV VWV
Inefficient Process VIVIV IV
Food Safety VIV vV
Food Fraud VIV
Technical Challenges v
Lack of Standardization

Reachability Matrix(RM)

Variables 4° 7'8 10 11 12 13 14 15/16 17 18 19 2

Lack of Knowledge rgfafa]afafalafaln Ja [a fa fa faafn [a [a |2 |20
Cost and Complexity olalalafafafalafala Ja Jofo fn b Ja (o o ]n |1 fae
Lack of Standardization oolififslilehiih i h i i i i fa Tz
Data Privacy and Secutity olololithilthhhr i lilo i i i vl Ta T fas
Limsted Knowledge and Understanding 00 0.0 tfaftfafoin Ja s fa fafafafo|n o] [ae
Regulatory Environment fojoialolofaftiafain (2 e v a[a [ ]2 lan s
Interoperability oloitlojoloftialtir i1 ir i lolr(t 1ot 13
Scalability olofolololololiilr i il i i lr Tv T s
Food Traceability Issues o0oo1/ofoio/ain 1t o la [ttt
Traceability of multi-ingredient food products olojojololofolololt il i i it l1 11 |n
Integration with existing systems olo'ojololololojolo 2 1yl [a {1t [t 110
Technology Scalability Issue ololo/ojo/oojololo Jo 11 (1 (11t |11 1.1]9
Possibilities of Raw Data Manipulation lo/olo/1]olololelolo jo o x 1 111111l
Require all Stakeholders within & Food Supply Chain 0/0(0/0/0/0/0/0/1/0 0 (0 (0 |1 (1 |1 (1 (1 .1 .18
Laws need to be Updated olololojololololoio oo loiolt 11111l
Inefficient Process 000l0000001000001‘1 1 |1 |11]6
Food Safety '0lo;oo/1/0/0j0loo oo 0l0oloft 111 s
Food Fraud ololo/oolnlojo/olo Jolololololololr 1 13
Technical Challenges olo/ojoloio/1i0/0lololoolololololor 13
Lack of Standardization olo/o/o/olo/olo/olo oo 0lo0jofoloot
Dependence Power 1214/5/7/6]7/8/0/11 11112 12/ 13/ 14|16 1618 18/ 20
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Methods for enhancing the system's performance can be devised after its primary factors and limitations have been identified through the ISM method.
The ISM matrix can be used to determine which aspects of the system's technological viability need to be handled first, such as the design of more
intuitive user interfaces or the implementation of stronger security protocols. Similarly, the ISM grid can be used to determine what needs to be done to
increase the system's profitability, such as streamlining supply chain procedures or creating more cost-effective solutions.
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In the context of blockchain technology in food traceability, ISM (Interpretive Structural Modeling) can be used to analyze the complex relationships
between different elements of the system, such as technical feasibility, economic viability, and social acceptability. By identifying the interdependencies
between these factors and their causal relationships, the ISM approach can help to understand how different elements of the system influence each other
and how they impact the overall success of the blockchain-based food traceability system.
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Level Partitioning Iterations
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Furthermore, the ISM approach can be used to identify the key factors that need to be addressed in order to improve the social acceptability of the system,
such as the need for better education and awareness campaigns or the development of more transparent and reliable systems.

Overall, the use of ISM in the context of blockchain technology in food traceability can provide valuable insights into the complex relationships between
different elements of the system and can help to identify the key drivers and constraints that need to be addressed in order to improve the overall
performance of the blockchain-based food traceability system.
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4. DEMATEL

Decision Making Trial and Evaluation Laboratory (DEMATEL) is a method used to analyze complex systems and identify the key factors that influence
the success of a decision or system. It is a multi-criteria decision-making method that helps to identify the interdependencies between factors and their
causal relationships.

The DEMATEL method is based on the concept of cause-and-effect relationships, where one factor (the cause) influences another factor (the effect). It
is used to identify the key drivers and constraints of a system and to understand how different factors influence each other.

87 83 g0 43 45 80 &5 W M3 47 4 @3 B0 4¢3 M &1 s &5 W M

The process of DEMATEL consists of several steps:
®  Identifying the factors that are relevant to the problem at hand.
®  Determining the cause-and-effect relationships between the factors.
®  Creating a matrix that represents the relationships between factors.
®  Analyzing the matrix to identify the key drivers and constraints of the system.

®  Prioritizing the factors in order to understand which factors are the most important to address.
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The DEMATEL method is a versatile method that can be adapted to the specific context of the problem and can be used to analyze a wide range of
problems such as organizational structures, social systems, and technical systems. The use of DEMATEL can help to understand the complex interactions
of the system, identify the key drivers and constraints, and develop strategies to manage or improve the system.
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In the context of blockchain technology in food traceability, the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method can be used to
identify the key factors that influence the success of a blockchain-based food traceability system. The DEMATEL method can help to analyze the complex
relationships between technical feasibility, economic viability, and social acceptability, and how they impact the success of the system.

The process of DEMATEL can be used to identify the key drivers and constraints of the system, and to understand how different factors influence each
other. For example, the DEMATEL method can be used to identify the key factors that need to be addressed in order to improve the technical feasibility
of the system, such as the need for better security measures or the development of more user-friendly interfaces. Similarly, the DEMATEL method can
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be used to identify the key factors that need to be addressed in order to improve the economic viability of the system, such as the need for more efficient
supply chain processes or the development of more cost-effective solutions.
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The DEMATEL approach can also be used to identify the key factors that need to be addressed in order to improve the social acceptability of the system,
such as the need for better education and awareness campaigns or the development of more transparent and reliable systems.
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Overall, the use of the DEMATEL method in the context of blockchain technology in food traceability can provide valuable insights into the complex
relationships between different elements of the system and can help to identify the key drivers and constraints that need to be addressed in order to
improve the overall performance of the blockchain-based food traceability system. The integration of ISM and DEMATEL approach can provide a
comprehensive understanding of the system and enable a more effective solution to be developed.

5. Conclusion

Blockchain technology has the potential to improve food traceability by providing a secure and transparent record of all transactions in the food supply
chain. An integrated ISM (Information Systems Methodology) and DEMATEL (Decision Making Trial and Evaluation Laboratory) approach can be used
to analyze and evaluate the implementation of blockchain in food traceability. This approach can help identify the key factors that influence the success
of blockchain implementation, such as technical feasibility, economic viability, and social acceptability. The conclusion is that blockchain can be a
valuable tool for improving food traceability, but its success will depend on the specific context and the effectiveness of the implementation strategy.

In conclusion, the use of blockchain technology in food traceability has the potential to provide a secure and transparent record of all transactions in the
food supply chain. An integrated ISM and DEMATEL approach can be used to evaluate the implementation of blockchain in food traceability and help
identify the key factors that influence its success. It is important to note that the success of blockchain implementation in food traceability will depend on
the specific context and the effectiveness of the implementation strategy. However, with the right approach, blockchain technology can play a significant
role in improving food traceability and enhancing food safety.
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