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Abstract: Today, Blockchain Technology (BT) in its nascent stage has emerged as a beacon of transformative potential,
drawing the attention of researchers and stakeholders worldwide to explore its ability to reshape traditional systems across
various sectors. BT is gaining momentum due to trust, transparency, and traceability; however, no study has been conducted
to investigate inter-linking among the drivers that drive BT adoption in Tea Supply Chain (TSC). This study aims to better
understand the significance of BT integration in TSC by identifying 12 drivers, aligning with existing research and expert
opinions. This research employs a hybrid approach that combines Interpretive Structural Modelling (ISM) and the Decision-
Making Trial and Evaluation Laboratory (DEMATEL) methodology to determine the hierarchical structure and causal
relationship among the identified drivers. The study's findings suggest that traceability is the primary reason for BT adoption
in TSC, followed by provenance and transparency. This is the first study of its kind to integrate BT in TSC, presenting a novel
hierarchical structural model. In this study, the interrelationship and interdependence among the drivers are identified to help
policy-makers and decision-makers outline strategies for the adoption of BT in tea sector, ensuring real-time visibility and
sustainability.
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1. Introduction

Currently, awareness about health and the environment has raised consumers' concern about food safety
standards, quality, and sustainability in agriculture (Parven et al., 2025). Consumers are enquiring how their food
products are grown, processed, and delivered, increasing demand for transparency and traceability (Sunny et al.,
2020). It’s difficult to fully trust present traceability technology as it depends on a centralised client-server model,
with consumers and stakeholders relying on a single point of information (Mohanta et al., 2018). If there is an
issue with this information point, product information may be lost or tampered with (M. A. Khan & Salah, 2018).
As regulatory organisations of traditional supply chains are prone to corruption, error, and hacking, ensuring a
reliable trust mechanism that guarantees safety, quality, and traceability remains a significant challenge (Helo &
Hao, 2019). In supply chains, these challenges can be resolved by adopting BT, as it has the ability to trace and
track the product's origin in real-time (Bhutta & Ahmad, 2021). In a BT-driven system, records are immutable and
secured, eliminating reliance on third-party involvement (Sancaktar & Sayar, 2025). With smart contracts, BT
promises potential farmers full and timely payment, and more efficiently manages their crops and harvests by
monitoring real-time data. BT is likely to transform traditional approach, opening the door to its applications
across many different areas (Rani et al., 2025). BT will ensure that its potential participants have confidence in
the supply chain traceability by providing tamper-free records, secured shared database and real-time tracking
(Pincheira et al., 2023).

BT integration into supply chain management (SCM) aligns with United Nations’ Sustainable
Development Goals (SDGs). Adoption of BT increases transparency and traceability, assuring that the products
are authentic and environmentally friendly, which supports the SDG 12 agenda of green production and
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consumption, by promoting accountable and sustainable decision-making in the operations of the SCM (Onu et
al., 2024; Raman et al., 2023). Additionally, BTs ability to streamline logistics and eliminate waste helps to achieve
SDG 9 by fostering innovation and sustainable infrastructure (Nazir & Fan, 2024; Sianaki & Peiris, 2022).
Furthermore, BT contributes to the SDG 13 agenda of climate footprint mitigation by tracking real-time carbon
emissions, encouraging sustainability (Govindan, 2022; S. A. R. Khan et al., 2024). BT incorporation into supply
chains not only tackles current challenges but also offers a pathway to achieve these SDG goals, making it a
critical tool for building a sustainable future (Camel et al., 2024; S.-K. Kim & Huh, 2020).

The TSC is very complex, involving multiple processing stages of cultivation, processing, packaging,
distribution, and retail. In each stage, there is a risk of vulnerability related to inefficiencies and quality risks.
Today, the global tea industry is under growing pressure to guarantee authenticity and sustainability as consumer
demand has increased for ethically sourced products (Xu et al., 2023). Traditional TSCs continuously suffer from
adulteration, limited real-time monitoring, and poor coordination among stakeholders, which undermines both
product quality and consumer trust (Ronoh et al., 2025). BT adoption in the tea industry can support a shift from
linear to circular supply chain models by improving real-time visibility and enhancing overall inventory
performance (Paul et al., 2022). BT integration in TSC enhances supervision against counterfeiting and offers an
effective pathway to build long-term trust in the market (K. Liu et al., 2024). Existing literature on BT primarily
focuses on its opportunities, advantages, and concerns related to its application in supply chains (S. Chen et al.,
2021; Payandeh et al., 2025; Younis et al., 2024).

1.1. Purpose of the research

India is the second-largest producer of tea globally, holding about 29% of the world's share and 10% of
the world's export market. (Hussain et al., 2025). Previous studies have shown that the implementation of BT in
TSC offers multiple benefits that lead to improvements in sustainable performance. However, no study has
focused on the contextual and interdependence relationship among the drivers, nor has any empirical analysis
been done. Additionally, no model has yet been developed that identifies the interrelationship among the
influencing and influenced drivers, which this study aims to address. The involvement of multiple interrelated
decision-making factors and reliance on the perception of experts often causes intricacy in evaluating the critical
drivers. Critically influencing drivers has evolved into a significant pillar for both researchers and stakeholders in
adopting BT in TSC. The purpose of the study is to investigate the driving factors that contribute to bridge the
current gap and facilitate modelling of a BT-driven traceability framework for the TSC, using ISM and DEMATEL
methods for structured analysis. This study intends to explore how BT can be implemented in TSC, as BT is still
in its emergent phase for adoption within the Indian context.

1.2. The main objectives of this study are stated below:

» To identify drivers that drive the adoption of BT in TSC according to the previous literatures and experts’
opinions.

» To establish the contextual and causal relationships within the identified drivers using the ISM and
DEMATEL methods.

» To develop hierarchical structural model and also degree of influence diagram among these drivers to
provide practical insights to the decision-makers and the policy-makers for strategic planning.

The remaining sections (Sec.) of this study are organised as follows: Sec. 2 provides a concise literature
review and listed 12 identified drivers. Sec. 3 presents an in-depth description of the methodology. Sec. 4
demonstrates an analysis of the ISM-DEMATEL method. Sec. 5 discusses the findings of the study. Sec. 6
summarises the conclusion, implications, limitations and future scopes of the study.

2. Review literature

In this section, researchers have thoroughly reviewed the existing literature by analysing articles that are
published in Scopus and Web of Science databases to gain insights in the adoption of BT and its integration in the
TSC. Additionally, news articles, trade journals, and various reports from the industry of diverse online and offline
sources are reviewed to acquire additional perspectives on the study area. Further, the review of literature is
organised into four sub-sections: BT: overview and value proposition, BT adoption in supply chain, BT adoption
in TSC and listing of the drivers, and application of ISM and DEMATEL methodologies.

2.1. Overview of BT

BT has evolved as a transformative innovation, revolutionising across different industries with its
decentralised and unalterable ledger system (Saberi et al., 2019). It is fundamentally an accounting and finance
automation tool that facilitates a secured database that is immutable in nature, where transparent transactions take
place without relying on a central authority (Almadadha, 2024). BT features decentralisation, immutability, fault
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tolerance, tamper-resistance, and transparency, which in turn eliminates reliance on a single trusted authority and
also helps in reducing risks of fraud, corruption, and centralised vulnerabilities, enabling applicability in various
real-world operations (Eyo-Udo et al., 2025; Habib et al., 2022; Saleh, 2024). Once transactions are recorded in
BT, data cannot be deleted or altered, assuring auditability and data integrity (Akram et al., 2024). Every
transaction in BT is recorded on a shared ledger, allowing stakeholders to access real-time data (Hader et al.,
2022). BT employs cryptographic algorithm to safeguard transaction data against unauthorised alterations, making
the whole system trustworthy and secure (Harinath et al., 2024). Beyond foundational applications in
cryptocurrencies and financial transactions, BT has served as a transformative solution for industries and
organisations that demand secure, transparent, and immutable record-keeping (Almadadha, 2024; Thakur et al.,
2025); enabling traceability, reducing operational costs, and establishing decentralised trust mechanisms (Z.
Zhang et al., 2024). Implementation of BT has been facilitated across diverse sectors, where data integrity,
authenticity, and efficiency are paramount (Brandin & Abrishami, 2021; X. Zhang et al., 2024), such as healthcare
(Attaran, 2022), education (Rani et al., 2024), auditing (Guo et al., 2025), and agriculture and food sectors (Bosona
& Gebresenbet, 2023).

2.2. BT in supply chain

BT can transform the traditional SCM addressing key challenges such as lack of transparency,
inefficiencies, and stakeholder trust issues (Pinto Varela Alberte & de Oliveira Novelli, 2024; Rathnayake et al.,
2025). In traditional supply chains, often information is either not shared or misplaced, making it difficult to
monitor the commodities' movement in real-time; as a result, the conditions of the products are unknown (Chaker
& Damak, 2024). These challenges can be addressed by developing a distributed ledger where all transactions
can be recorded, providing visibility to authorised participants, ensuring that every stage of the supply chain
operations is transparent and traceable (Balcioglu et al., 2024; X. Liu et al., 2021). BT provides a decentralised,
immutable, and transparent ledger, enabling all the stakeholders within the system to trace and track the movement
of the products’ journey from start to end (Pandey et al., 2022; Thanasi-Boge & Hoxha, 2025). Adoption of BT
stops counterfeit goods and also ensures compliance with safety standards, delivering a sustainable supply chain
(Kshetri, 2021; Onu et al., 2024). Additionally, BT increases efficiency by using smart contracts' feature of
automatic processing, which carries out agreements automatically once predefined conditions are satisfied,
thereby lowering costs and saving time. (Wahab et al., 2023). BT also strengthens security by eliminating a single
failure point, since data is preserved in a network of distributed ledgers; these recorded data cannot be modified
or deleted without being detected. (U. Agarwal et al., 2024). This decentralised approach in BT fosters trust among
various participants by providing auditable and transparent records (Singh et al., 2023). BT integration in supply
chains is very beneficial in an organisation where ethical sourcing and sustainability are essential (Calvdo &
Archer, 2021). BT can enhance security, efficiency, transparency, and traceability; thus, it is a promising tool for
adoption in the modern-day supply chain, with its applications spanning across various industries like agriculture,
automotive, health care, and luxury goods (Al-Farsi et al., 2021; Centobelli et al., 2022a; Mijwil et al., 2025).

2.3. Adoption of BT in TSC

BT represents a modern solution that optimises the TSC operations through the resolution of key
challenges of enhancing traceability while promoting transparency and creating trust (Tayal et al., 2021). TSC
often lacks visibility and accountability, which involves multiple stages, i.e., cultivation, processing, packaging,
and distribution (Y. Liu et al., 2022). Implementing BT in the TSC enables end to end traceability, making sure
that all participants have access to reliable and trustworthy information about products origin, quality, and
distribution (Paul et al., 2021). BT can offer greater transparency, allowing every consumer to verify the
provenance and sustainability details of the tea products purchased (Nygaard, 2024). In BT, smart contracts have
a smart feature to automate processes, which ensures efficiency and reduces the need for intermediaries, along
with payments and quality verification (Channi & Kumar, 2025). BT also features real-time data sharing that
enables stakeholders to regulate and optimise supply chain operations (Z. Zhang et al., 2024). Adoption of BT in
the system not only enhances trust but also the authenticity of the tea product due to consumers growing demand
for sustainability (Huang et al., 2024). BT offers a robust framework to improve transparency, efficiency, and
reliability among all the participants in TSC, encouraging documentation for fostering accountability, ensuring
that the journey of tea leaves from farm to cup is completely traceable and trustworthy in the TSC (C.-L. Chen et
al., 2023; Mangla et al., 2022; Priyadarshi, 2024). In Fig. 1., the proposed diagram of BT in TSC is mentioned.
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Based on the literature review and the perception of the academic and industry experts, 12 drivers were
identified for the study. Table 1 represents a detailed description of identified BT drivers (i.e., BTDs)

Table 1

Detailed description of Blockchain drivers (BTDs).

Drivers Code BTDs Descriptions References
BTD 1 Transparency BT ensures transparent transactions (Centobelli et al., 2022b;
through a public ledger, which increases Omar et al., 2020;
trust and accountability. Omidian, 2024)
BTD 2 Secured-shared BT employs cryptographic mechanisms (Asamoah et al., 2024;
database and distributed ledgers for ensuring data Majumdar &  Mitra,
security and also preventing unauthorised 2024; Shrimali & Patel,
alterations. 2022)
BTD 3 Product BT enables end-to-end visibility by (Ahmed & MacCarthy,
provenance assuring  product authenticity and 2023; H. M. Kim &
verifiability of the raw materials’ originin ~ Laskowski, 2018;
the supply chains. Konstantopoulou &
Mikalef, 2024)
BTD 4 Enhance risk BT reduces operational risks through (Dehshiri et al., 2024;
management smart contracts, which have an automated Min, 2019; F. Zhang &

feature that mitigates fraud risks.

Song, 2022)
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BTD 5

BTD 6

BTD 7

BTD 8

BTD 9

BTD 10

BTD 11

BTD 12

Immutability

Cost & time
efficiency

Decentralised
database

Real-time
information
database

Smart Contract

Pseudonymity
&
confidentiality

Traceability

Auditability

Once data is recorded on BT, it cannot be
modified or deleted, assuring integrity
and trust.

BT minimises intermediaries, reducing
processing time and transaction cost.

BT's peer-to-peer architecture eliminates
central authority, providing secure and
distributed data management.

BT enables real-time updates, which
improve supply chain visibility and
product movements in the entire system.

It is a self-executing program on BT that
automatically enforces and carries out
agreements when pre-defined conditions
are met, without requiring any
intermediaries.

Blockchain ensures pseudonymity and
confidentiality by masking real identities
with cryptographic addresses and protects
sensitive data through encryption and
restricted access.

BT records each transaction in a manner
that is verifiable, which enables full
traceability of the product across the
supply chains.

Verifiable and permanent records of
transactions in the BT have the ability to
verify and review each transaction history
in the system. This feature supports
transparent auditing processes and
simplifies external and internal audits.

(Akanfe et al., 2024;
Gunjal et al., 2024
Reyna et al., 2018)

(Du et al., 2023; Surucu-
Balci et al, 2024;
Yousefi & Tosarkani,
2022)

(Kalajdjieski et al., 2023;
M. T. Rana et al., 2024;
Zaabar et al., 2021)

(Akram et al., 2024;
Hader et al., 2022; Helo
& Hao, 2019)

(Chang et al., 2019;
Daraghmi et al., 2024,
De Giovanni, 2020)

(Anjali, 2024;
Chulerttiyawong &
Jamalipour, 2021; Wan,
2025)

(Agrawal et al., 2021;
Biswas et al., 2023; Li et
al., 2024)

(R. W. Ahmad et al.,,
2021; Autore et al., 2024;
Z. Liu & Li, 2020)

2.4. Application of ISM and DEMATEL techniques

BT possesses revolutionary capacity that can reshape the traditional supply chain, but adoption of this

technology is often seen as complicated due to technical, organisational, and regulatory factors; thus, to overcome
these complex issues within the system, ISM and DEMATEL methodologies have been employed (Hu et al., 2025;
L. Wang et al., 2024). Oztiirk, (2025) adopted a hybrid ISM-DEMATEL approach to examine how digitalisation
affects social responsibility within supply chains comprehensively. K. Ahmad et al., (2024) applied hybrid ISM-
DEMATEL technique to identify prominent challenges while incorporating 10T in the cold SCM. Vishwakarma
et al., (2022) study integrating ISM-DEMATEL technique analysed barriers to the sustainable supply chain. In
Table 2, a list of contributions of various research using ISM, DEMATEL and combined ISM-DEMATEL
methodologies is shown.

Despite being beneficial, the combined ISM-DEMATEL approach is still limited in its adoption of BT in

TSC. ISM and DEMATEL methodology can yield robust insights into the identified drivers (BTDs) and prioritise
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the most influential BTDs and their inter-relationship that would shape the adoption of BT in TSC. Previous
research also illustrated that combining the ISM and DEMATEL approaches develops a hierarchical structure and
prominence diagram. Hence, using these techniques in complex systems, the cause/influential-and-
effect/dependent relationships within the drivers were determined very conveniently and effectively (Bagherian
etal., 2024; Chuang et al., 2013). Therefore, this study adopts the hybrid ISM-DEMATEL methodology to identify
the most influential BTDs of blockchain, enabling BT adoption in TSC.

Table 2

List of contributions of various researchers using ISM and DEMATEL methodologies.

S. Contribution ISM DEMATEL AUTHORS

No.
Formulated a model to enable the integration of (Nirmal et al,
sustainability practices in supply chain using Industry 4.0. 2025)

2. Examined the incorporation of solar renewable energy (R. Agarwal et al.,
products in India. 2023)

3. Analysed concerns in manufacturing industries related to (P. Kumar et al.,
Industry 4.0 adoption. 2021)

4, Studied challenges in integrating m-commerce in SMEs. (N. P. Rana et al.,

2019)

5. Studied technological drivers in Industry 4.0 to promote a (Rajput, 2024)
transparent and sustainable SCM.

6. Examined aids for decision-making in humanitarian supply (W. Wang et al.,
chain. 2024)

7. Studied the adoption of BT on sustainable SCM. (Yontar, 2023)

8. Analysed Supplier selection in green SCM to manage (Hsu et al., 2013)
carbon.

9. This research explores 11 key success factors for (Chi et al., 2025)
implementation of metaverse in the service sector.

10. Examined how digitalisation and energy sustainability are (Zuo & Ren,
connected. 2025)

11. Studied the effective patterns of emerging technologies in (Guo et al., 2024)
reducing supply chain vulnerability.

12. Developed a resilient framework for the evaluation of green (Shoaib et al.,
logistics drivers. 2023)
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13. Studied the sustainable concerns in the diamond industry's v N (Shanker &
SCM. Barve, 2021)

3. Methodology

This study adopts a hybrid Interpretive Structural Modelling (ISM) and Decision-Making Trial and
Evaluation Laboratory (DEMATEL) multi-criteria decision-making (MCDM) approach. Both ISM and
DEMATEL are widely recognized for their capability to analyse the causal relationships among multiple criteria.
Integrating these two methodologies provides a more comprehensive framework for group decision-making by
leveraging the unique strengths of each technique. Specifically, ISM facilitates the development of a hierarchical
structure and conceptual model, while DEMATEL quantifies the direction and intensity of interrelationships
among the identified drivers, thereby offering a deeper understanding of their causal interactions (K. Ahmad et
al., 2024).Within the ISM framework, the contextual relationships expressed through the four symbols P, Q, R,
and S are transformed into a binary reachability matrix using values of 1 and O to establish the hierarchical
relationships among the blockchain technology drivers. In contrast, the DEMATEL approach employs a
comparison matrix with influence scores ranging from 0 to 4, enabling the assessment of the magnitude of
influence that each driver exerts on the others. This facilitates the identification of both causal (influencing) and
effect (dependent) drivers based on the strength of their interactions. Figure 2 illustrates the overall research
methodology adopted in this study. The methodology is organised into three major stages: data collection, ISM
analysis, and DEMATEL analysis.

Identifying and listing of

Experts’ opinion
BTDs

L 4
F

Literature review

h

Data collection and

establishment of contextual

k4

relationships
L 4
ISM Analysis R Conduct Hybrid ISMlancl N DEMATEL
» DEMATEL analysis : Analysis

L 4

Buld ISM and cause/effect model

h

Findings and discussion

L J

Conclusion, Implications and Future Research

Fig.2: Proposed framework for research methodology
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3.1. Data Collection

For this study, a field survey was conducted in major tea-producing states of Assam, West Bengal, Tamil Nadu,
and Kerala, as well as major tea manufacturers and distributors within India, to have an in-depth insight into the
traceability in existing TSC and also understand BT application in it. The research methodology uses an extensive
literature review and experts’ perception to identify BTDs for the development of the contextual relationship
matrix of the drivers. A team of 12 experts participated in this study, which included four academicians, three
blockchain integration specialists, three senior executives from the tea industry, and two scientists from the tea
research institute. Each expert has a minimum of 8 years of experience in the study area.

3.2. ISM Methodology

Interpretive structural modelling (ISM) was introduced by Warfield, (1974) to systematically visualise
and build structural relationships among the identified drivers based on experts' opinions within a complex
structured system. ISM helps to arrange and organise direct or indirect drivers in the system to develop a
hierarchical model (Sage, 1977). The different steps of the ISM approach are summarised below, as used by other
researchers in their studies (Hamdi & Toumi, 2025; Hong et al., 2024; Jayant & Azhar, 2014; A. Kumar & Dixit,
2018; Kumar Sharma & Bhat, 2014; Movahedipour et al., 2017; Nirmal et al., 2023).

Step 1. Twelve drivers (criteria) are considered for the adoption of BT in TSC.

Step 2. A contextual relationship is formed based on the identified drivers in step 1 to determine
particular pairs of drivers that require examination among the drivers.

Step 3. A self-structural interaction matrix (SSIM) is established for the drivers, indicating the inter-
relationships between pairs of drivers using symbols P, Q, R, and S.

Step 4. The initial reachability matrix (IRM) is constructed using step 3 by converting P, Q, R, and S
into binary digits ‘0’ and ‘1’ and checked for transitivity. In the ISM model, transitivity is a basic assumption of
the contextual relation among the drivers. The principle of transitivity indicates that if driver A is related to
driver B and driver B is related to driver C, then driver A is inevitably related to driver C.

Step 5. The final reachability matrix (FRM) is developed from the IRM incorporating transitivities.
Step 6. FRM is partitioned into multiple levels, and the final level partitioning is obtained.

Step 7. Based on the partitioning of all levels, a digraph is drawn, and the transitivities are removed,
considering the rule of transitivity.

Step 8. Replacing the driver's code with statements, the final directed graph is converted into an ISM
model.

3.3. DEMATEL methodology

Decision-Making Trial and Evaluation Laboratory (DEMATEL) method was first designed by the
Science and Human Affairs Program at the Battelle Memorial Institute in Geneva between 1972 to 1976.
DEMATEL method was developed to effectively analyse complex analytical problems and understand the inter-
relationships between different drivers within a system (Si et al., 2018). This methodology categorises cause and
effect group factors that drive the system, and identifies drivers that are influencing and influenced by others
(Jassbi et al., 2011). The DEMATEL technique is used to understand causal relationships among drivers, making
decision-making and strategic planning for a complex system more efficient (Braga et al., 2021; Quezada et al.,
2018; W.-W. Wu, 2008). The summarised steps of the DEMATEL method are mentioned below:

Step 1: Develop the average direct relation matrix (A):

In this step, every expert was asked to rate the direct influence among any two drivers using a scale from
0 to 4 to establish a pairwise matrix. The typical range of scale is O to 4, denoting: “0 = No influence, 1 = Low
influence, 2 = Moderate influence, 3 = High influence, 4 = Very high influence”. The expression "y,,,," represents
the degree to which the individual expert believes driver ‘I’ influences driver ‘m’, if | = m, then y,,,, = 0 (i.e., all
the diagonal elements in the matrix are set to zero). For each expert, a non-negative qxq matrix is formulated as
Y* = [ yk. loxq ; Where ‘g’ indicates the number of drivers, and ‘k> means the number of experts such that 1 < k
<N.Asaresult, Y1, Y2 Y3,..., YN are the matrices from N experts. Integrating all the ratings from N experts, the
average direct-relation matrix A = [a;,,,] is established using Eq. 1 as presented below.

1 N
alm = N Zk=1\ yl"cﬂl (1)

Step 2: Compute the normalised direct-relation matrix (N):
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The normalised direct relation matrix (B) is computed from Eq. 2 mentioned below:

B =AxZ,

where, Z = L

@)

maxi<isq 231:1 aim
Here, the range of the matrix B falls between 0 and 1
Step 3: Establish the total-relation matrix (T):

Applying the transition theory, the total-relation matrix (T) is obtained by adding all direct and indirect
relationships among drivers using Eg. 3 shown below:

T= [tlm]qxq =B (I - B)_ll (3)
Here, ‘I’ is represented as the identity matrix.
Step 4: Formulate the degree of influence:

Now, adding rows and columns of the total relation matrix (T), vectors R, and C, are obtained to achieve
the degree of influence through Eq. 4 and Eq. 5 as follows;

Ri= [Tlm]qxl = (an=1 tlm)qxl (4)
Cm = [Clm]lxq = (Z?=1 tlm)lxq (5)

where, R, is the sum of the I" row in the T matrix and outlines the direct and indirect influence offered
by the driver D, to other drivers. Similarly, C,, is the sum of the m™ column in the matrix T and outlines the direct
and indirect influence accepted by the driver D,,, from other drivers. Thus, sum (R; + C,,,) indicates the total effects
offered and accepted by the driver D; in the entire system, indicating the degree of importance or prominence that
the driver D, plays. In contrast, difference (R, — C,,) implies the net effect or relation that the driver D, contribute
to the system. Precisely, if (R, — C,;,) is negative, then the driver D, is a net receiver and if (R, — C,;,) is positive
than the driver D, is a net cause.

Step 5: Plot digraph:

Finally, diagraph plotting is done by mapping a set of data of (R, + C,,,) and (R, — C,,) to provide
meaningful insights in decision-making. Experts must establish a threshold value eliminating insignificant effects,
as the matrix (T) provides data on how one driver affects another. In this process, only effects greater than the
threshold value are selected and plotted in the digraph. By computing the value of the elements in the matrix (T),
the threshold value is calculated.

4. Hybrid ISM-DEMATEL analysis
4.1. ISM-MICMAC analysis

In this section, the ISM methodology is employed for structural modelling of the identified drivers in the
context of the adoption of BT in TSC.

41.1. SSIM

The structural self-interaction matrix (SSIM) is formed on the consensus of the experts to establish the
contextual relationship between the 12 identified pairs of drivers. Four letters, P, Q, R, and S, are assigned for the
contextual relationship between a pair of drivers (I and m) in one of the four ways:

P: Driver (D;) influences corresponding to the driver (D,,,).

Q: Driver (D,) is influenced by the corresponding driver (D,,).

R: Driver (D;) and corresponding driver (D,,) influence each other.

S: Driver (D;) and corresponding driver (D,,) does not have any influence.

The SSIM for the BT drivers’ adoption in the TSC is developed based on contextual relationships as
presented in Table 3. Explanation of letters P, Q, R, and S is mentioned in the following section:

Driver decentralised database (BTD 7) directly influences driver traceability (BTD 11). So, “P” denotes
the contextual relationship between the decentralised database (BTD 7) and traceability (BTD 11).

Driver enhanced risk management (BTD 4) is influenced by driver pseudonymity & confidentiality (BTD
10). So, “Q” denotes a contextual relationship between enhanced risk management (BTD 4) and pseudonymity &
confidentiality (BTD 10).
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The driver secured-shared database (BTD 2) and the driver real-time information database (BTD 8)
influence each other. So, “R” denotes the contextual relationship between the secured-shared database (BTD 2)
and the real-time information database (BTD 8).

Driver smart contract (BTD 9) and driver auditability (BTD 12) have no relationship. So, “S” denotes no
contextual relationship between smart contract (BTD 9) and auditability (BTD 12).

Table 3:
SSIM

Drivers BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD
code 1 2 3 4 5 6 7 8 9 10 1 12

BTD 1 Q S
BTD 2

BTD 3 Q
BTD 4
BTD5
BTD 6
BTD 7
BTD 8
BTD9
BTD 10
BTD 11
BTD 12

BTD 1: Transparency; BTD 2: Secured-Shared Database; BTD 3: Product Provenance; BTD 4: Enhanced
Risk Management; BTD 5: Immutability; BTD 6: Cost & Time Efficiency; BTD 7: Decentralised Database; BTD
8: Real-Time Information Database; BTD 9: Smart Contract; BTD 10: Pseudonymity & Confidentiality; BTD 11:
Traceability; BTD 12: Auditability

4.1.2. IRM and FRM:

The Initial reachability matrix (IRM) is obtained from the SSIM by converting P, Q, R, and S in each cell
with binary digits (1 and 0). The following rules are used in conversion:

If “P” is plotted in the SSIM for the cell (I, m), then in the IRM, 1 is plotted in that cell (I, m) and O is
plotted in the cell (m, ). If “Q” is plotted in the SSIM for the cell (I, m), then in the IRM, 0 is plotted in that cell
(I, m) and 1 is plotted in the cell (m, I). If “R” is plotted in the SSIM for the cell (I, m), then in the IRM, 1 is plotted
for both the cell (1, m) and cell (m, I). If “S” is plotted in the SSIM for the cell (I, m), then in the IRM, 0 is plotted
in both the cell (I, m) and cell (m, I). Following these rules, IRM is developed and presented in Table 4.

o
T O TV O

o O O T O

w O 0 O O O

T nw O nu O WO

»w TOoO 00O v o

T U U nw OO0 L0 v o
U U U U U U U U U T
QO U v U T T nw v O T »

The final reachability matrix (FRM), as shown in Table 5, is developed from the IRM incorporating transitivity,
where transitivity is marked as 1*.

Table 4
IRM

Drivers BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD
code 1 2 3 4 5 6 7 8 9 10 11 12
BTD 1 1 0 1 0 0 0 0 0 0 0 1 0
BTD 2 1 1 1 1 1 1 0 1 1 1 1 1
BTD 3 1 0 1 0 0 0 0 0 0 0 1 0
BTD 4 1 0 1 1 1 0 0 0 0 0 1 0
BTD 5 1 0 1 0 1 0 0 0 0 0 1 1
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BTD 6 1
BTD 7 1
BTD 8 1
BTD 9 1
BTD 10 1
BTD 11 0
BTD 12 0 0 1 0 0 0 1 1

BTD 1: Transparency; BTD 2: Secured-Shared Database; BTD 3: Product Provenance; BTD 4: Enhanced
Risk Management; BTD 5: Immutability; BTD 6: Cost & Time Efficiency; BTD 7: Decentralised Database; BTD
8: Real-Time Information Database; BTD 9: Smart Contract; BTD 10: Pseudonymity & Confidentiality; BTD 11:
Traceability; BTD 12: Auditability

o O O LB KLk O
= = = e e
O O B P O Kk,
(= I N = e
O O B P O O Bk
O O O O Lk o
O O O © Kk L, O
o O B O Kk o
(= N N = e
N = = = =
O B O Kk Kk

Table 5
FRM

Drivers BT BT BT BT BT BT BT BT BT BT BT BT Drivin
code b1 D2 D3 D4 D5 D6 D7 D8 D9 D D D g

10 11 12 Power
BTD 1 1 0 1 0 0 0 0 0 0 0 1 0 3
BTD 2 1 1 1 1 1 1 0 1 1 1 1 1 11
BTD 3 1 0 1 0 0 0 0 0 0 0 1 0 3
BTD 4 1 0 1 1 1 0 0 0 0 0 1 1* 6
BTD 5 1 0 1 0 1 0 0 0 0 0 1 1 5
BTD 6 1 0 1 1 1 1 0 0 0 1 1 1 8
BTD 7 1 1 1 1 1 1* 1 1 1 1 1 1 12
BTD 8 1 1 1 1* 1 1* 0 1 1* 1 1 1 11
BTD 9 1 0 1 1 1 1 0 0 1 1 1 1* 9
BTD 10 1 0 1 1 1 1 0 0 0 1 1 1 8
BTD 11 0 0 0 0 0 0 0 0 0 0 1 0 1
BTD 12 1* 0 1 0 1 0 0 0 0 0 1 1 5
Dependenc 11 3 11 7 9 6 1 3 4 6 12 9

e Power

1* notation plotted in the cell to incorporate transitivity.

BTD 1: Transparency; BTD 2: Secured-Shared Database; BTD 3: Product Provenance; BTD 4: Enhanced
Risk Management; BTD 5: Immutability; BTD 6: Cost & Time Efficiency; BTD 7: Decentralised Database; BTD
8: Real-Time Information Database; BTD 9: Smart Contract; BTD 10: Pseudonymity & Confidentiality; BTD 11:
Traceability; BTD 12: Auditability

4.1.3. Level partitioning

For each driver, the reachability and the antecedent set are obtained from FRM. In the ISM hierarchy, the
top-level driver is identified by the reachability and intersection sets that share the same driver, preventing any
other driver from reaching above their own level. Those identified top-level drivers are removed from the
remaining drivers. Thus, this process is continued until the level of each driver is obtained. It can be observed that
traceability (BTD 11) is at Level I. This procedure is completed in eight iterations, as summarised in Table 6.
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Table 6

Final Level Partitioning

Drivers code Reachability Set Antecedent Set Intersection Set Level
BTD 1 13, 1,2,3,4,5,6,7,8,9, 10, 13, 5
12,
BTD 2 2,8, 2,7,8, 2,8, 7
BTD 3 1.3, 122 3,4,5,6,7,8,9,10, 1.3, 2
BTD 4 4, 2,4,6,7,8,9,10, 4, 4
BTD 5 5,12, 2,4,56,7,8,9,10,12, 5,12, 3
BTD 6 6, 10, 2,6,7,8,9, 10, 6, 10, 5
BTD 7 7, 7, 7, 8
BTD 8 2,8, 2,7,8, 2,8, 7
BTD 9 9, 2,7,8,9, 9, 6
BTD 10 6, 10, 2,6,7,8,9, 10, 6, 10, 5
BTD 11 11, 1,2,3,4,5,6,7,8,9,10, 11, 1
11, 12,
BTD 12 5,12, 2,4,5,6,7,8,9,10, 12, 5,12, 3

BTD 1: Transparency; BTD 2: Secured-Shared Database; BTD 3: Product Provenance; BTD 4: Enhanced
Risk Management; BTD 5: Immutability; BTD 6: Cost & Time Efficiency; BTD 7: Decentralised Database; BTD
8: Real-Time Information Database; BTD 9: Smart Contract; BTD 10: Pseudonymity & Confidentiality; BTD 11:
Traceability; BTD 12: Auditability

4.1.4. Formation of ISM hierarchy model:

4.1.5. Based on the FRM inputs, a digraph is developed including transitivity. After removing transitivity from
the digraph, as mentioned in the research methodology, the ISM hierarchy model is developed. The final
model is presented in the Fig. 3.
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4.1.6. MICMAC analysis:

Abbreviation of MICMAC is Matrice d'Impacts croisés multiplication appliquée a un classement (Cross-
Impact Matrix Multiplication Applied to Classification), and the principle of MICMAC is based on the
multiplication properties of matrices (U. Khan & Haleem, 2015; Vaishnavi et al., 2019). The purpose of this
analysis is to examine the dependence power and driving power of the identified drivers, as well as identify the
influential drivers that significantly drive the system. These drivers are classified into four quadrants as presented

in Fig. 4. and discussed below:

i)

Autonomous drivers: The drivers mentioned in quadrant (1) have weak dependence power and
drive power. The drivers represented in this quadrant are not connected to each other and do not
have any influence on the system. Thus, all the identified drivers in this study plays a significant

Decentralized
Database

Fig.3: ISM Hierarchy Model

role, as there are no such drivers in this quadrant.

Dependent drivers: The drivers, plotted in quadrant (I1), have strong dependence power and weak
driving power. Transparency (BTD 1), product provenance (BTD 3), enhanced risk management
(BTD 4), Immutability (BTD 5), traceability (BTD 11), and auditability (BTD 12) are dependent
drivers in our study. This analysis implies that decision-makers must consider these six drivers, as

they are the principal reasons to decide for while implementing BT in TSC.
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iii) Linkage drivers: The drivers mentioned in quadrant (Ill) have strong driving power and
dependence power. These drivers are highly unstable; any intervention concerning them will
influence other drivers as well as themselves. There are no unstable drivers in this study, as no
driver is present in this quadrant.

iv) Driving drivers: The drivers plotted in quadrant (IV) have weak dependence power and strong
driving power. Secured-shared database BTD 2, cost & time efficiency (BTD 6), decentralised
database (BTD 7), real-time information database (BTD 8), smart contract (BTD 9), and
pseudonymity & confidentiality (BTD 10) are independent drivers as they have strong drive power.
The finding suggest that these six drivers are primary drivers that significantly influence other
drivers within the system, driving BT adoption in TSC, as they are possible substrata of the system.

13 _
12 N IV 1
11 g7 ¢
10
BTD 2, BTD 8
o s 4 BIDY
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o BTD 6, BTD 10
g 6 | s
2 5 BTD 4 BID 1, BTD 3
X a .
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2 BTD 5, BTD 12 BTD 11
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0 1 2 3 4 5 6 7 g 9 10 11 12 13

DEPENDENCE POWER —

Fig.4: Representation of MICMAC analysis.
4.2. DEMATEL analysis

In this approach, experts rated the drivers on a scale ranging from 0 to 4 based on the influence of one
driver over other drivers. Depending on the experts' opinions, the comparison matrix is developed in pairs. The
average direct relation matrix (A) as shown in Table 7 is computed from the combined pair-wise matrix based on
responses of individual expert using Eq. (1). Thereafter, the normalised direct relationship matrix (B) is formulated
from Eq. (2) with a range of 0 to 1 for each driver as mentioned in Table 8. Finally, by using Eq. (3), the total
relationship matrix (T) for each driver is established, as presented in Table 9. The overall degree of influence, for
each critical driver selected in the study is shown in Table 10 and plotted in Figure 5, and can be classified as
follows:

The prominence or important order as per the (R, + Cr) values for the identified drivers are prioritised as
traceability (BTD 11) > transparency (BTD 1) > product provenance (BTD 3) > Immutability (BTD 5) >
auditability (BTD 12) > pseudonymity & confidentiality (BTD 10) > enhanced risk management (BTD 4) >
decentralised database (BTD 7) > smart contract (BTD 9) > real-time information database (BTD 8) > cost & time
efficiency (BTD 6) > secured-shared database (BTD 2). Based on the highest prominence value, traceability (BTD
11) is ranked first and identified as the most important driver, followed by transparency (BTD 1) and product
provenance (BTD 3). Similarly, the cause or effect groups drivers are demonstrated by the relation values, i.e., (R
- Cm), categorising these drivers into two groups: the net cause group for positive (Ri- Cm) values, and the net
effect or receiver group for negative (R - Cmn) values. Subsequently, the calculated threshold value for all identified
drivers is 0.51 using the total relation matrix. According to the cause-and-effect or causal diagram secured-shared
database (BTD 2), cost & time efficiency (BTD 6), decentralised database (BTD 7), real-time information
database (BTD 8), smart contract (BTD 9), and pseudonymity & confidentiality (BTD 10) come under the cause
group, where decentralised database (BTD 7) is considered the most crucial driver that has significant influence
on all other drivers. On the other hand, transparency (BTD 1), product provenance (BTD 3), enhanced risk
management (BTD 4), traceability (BTD 11), and auditability (B12) belong to the effect group and further indicate
that traceability (BTD 11) is the highest net receiver; it does not influence other drivers but gets influenced by
each driver within the system. The causal diagram is mentioned in the Fig.5. The cause group drivers should be
considered directly by the decision-makers, as these drivers affect the effective implementation of BT in TSC.
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Table 7
The average direct-relation matrix (A)
Drivers BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD

code 1 2 3 4 5 6 7 8 9 10 11 12
BTD 1 0 016 291 025 05 033 008 016 025 0333 3.833 05
7 7 3 3 7

BTD 2 283 O 275 208 266 266 016 175 166 2583 3.75 1.833
3 3 7 7 7 7

BTD 3 391 008 O 008 033 041 008 016 0.08 0.167 3.833 0.083
7 3 3 3 7 3 7 3

BTD 4 375 016 266 O 291 008 0.08 008 041 0.83 3.917 2917

7 7 7 3 3 3 7

BTD 5 383 008 266 016 O 0.16 025 008 025 0.167 3.667 3.083
3 3 7 7 7 3

BTD 6 366 008 258 191 275 O 041 05 041 2917 3.833 2.833
7 3 3 7 7 7

BTD 7 266 208 291 291 283 191 O 183 291 2667 3917 2.833
7 3 7 7 3 7 3 7

BTD 8 283 183 308 283 175 166 016 O 275 2833 3.833 275
3 3 3 3 7 7

BTD9 391 016 391 291 283 191 008 041 O 2.083 3.75 2.917
7 7 7 7 3 7 3 7

BTD 10 391 025 183 383 291 183 033 016 008 O 3.917 1.917
7 3 3 7 3 3 7 3

BTD 11 008 016 008 008 025 016 008 016 0.08 0.083 O 0.083
3 7 3 3 7 3 7 3

BTD 12 366 008 258 158 283 0.08 008 0.08 025 0417 3667 O
7 3 3 3 3 3 3 3

BTD 1: Transparency; BTD 2: Secured-Shared Database; BTD 3: Product Provenance; BTD 4: Enhanced
Risk Management; BTD 5: Immutability; BTD 6: Cost & Time Efficiency; BTD 7: Decentralised Database; BTD
8: Real-Time Information Database; BTD 9: Smart Contract; BTD 10: Pseudonymity & Confidentiality; BTD 11:
Traceability; BTD 12: Auditability

Table 8
The normalised direct-relation matrix (N)
Drivers BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD

code 1 2 3 4 5 6 7 8 9 10 11 12

BTD1 0.00 0.00 007 000 001 000 0.00 0.00 0.00 0.008 0.091 0.012
0 4 0 6 2 8 2 4 6

BTD 2 0.06 0.00 006 005 006 006 0.00 0.04 0.04 0.062 0.089 0.044
8 0 6 0 4 4 4 2 0

BTD 3 0.09 0.00 000 000 000 001 0.00 0.00 0.00 0.004 0.091 0.002
3 2 0 2 8 0 2 4 2

BTD 4 0.08 0.00 006 000 007 000 0.00 0.00 0.01 0.020 0.093 0.070
9 4 4 0 0 2 2 2 0

BTD 5 0.09 0.00 006 000 000 000 0.00 0.00 0.00 0.004 0.087 0.074
1 2 4 4 0 4 6 2 6
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BTD 6 0.08 000 006 004 006 000 001 001 001 0.070 0.091 0.068

7 2 2 6 6 0 0 2 0

BTD 7 0.06 005 0.07 007 006 004 000 004 0.07 0.064 0.093 0.068
4 0 0 0 8 6 0 4 0

BTD 8 0.06 0.04 007 006 004 004 000 0.00 006 0.068 0.091 0.066
8 4 4 8 2 0 4 0 6

BTD 9 0.09 0.00 0.09 007 006 004 000 0.01 000 0.050 0.089 0.070
3 4 3 0 8 6 2 0 0

BTD 10 0.09 0.00 0.04 009 007 004 000 0.00 000 0.000 0.093 0.046
3 6 4 1 0 4 8 4 2

BTD 11 0.00 0.00 0.00 000 0.00 000 0.00 0.00 0.0 0.002 0.000 0.002
2 4 2 2 6 4 2 4 2

BTD 12 0.08 0.00 006 003 006 000 000 000 0.0 0.010 0.087 0.000
7 2 2 8 8 2 2 2 6

BTD 1: Transparency; BTD 2: Secured-Shared Database; BTD 3: Product Provenance; BTD 4: Enhanced
Risk Management; BTD 5: Immutability; BTD 6: Cost & Time Efficiency; BTD 7: Decentralised Database; BTD
8: Real-Time Information Database; BTD 9: Smart Contract; BTD 10: Pseudonymity & Confidentiality; BTD 11:
Traceability; BTD 12: Auditability

Table 9
The total-relation matrix (T)

Drivers BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD BTD
code 1 2 3 4 5 6 7 8 9 10 11 12

BTD1 001 000 007 001 001 o001 000 000 0.0 0011 0.108 0.017
5 5 6 0 8 1 3 5 8

BTD 2 0.12 000 0.10 0.07 009 007 000 0.04 0.04 0.077 015 0.073
1 5 6 2 3 5 7 6 7

BTD 3 0.10 000 001 000 001 001 000 0.00 o0.00 0.007 0107 0.007
0 3 1 5 3 2 3 5 4

BTD 4 0.11 000 008 000 008 0.00 000 0.00 0.01 0025 0133 0.081
8 6 7 9 3 7 4 4 3

BTD5 0.11 000 008 001 001 000 0.00 000 0.00 0.008 0118 0.079
1 4 1 1 1 8 7 4 9

BTD 6 0.12 000 009 006 008 000 001 001 0.01 0077 0145 0.088
9 6 3 1 8 9 2 5 5

BTD 7 0.13 005 012 009 010 0.06 0.00 005 0.08 0.084 0175 0.104
1 5 1 8 6 3 4 0 0

BTD 8 0.12 004 011 009 007 0.05 000 0.00 0.07 0.084 0.162 0.09
6 7 7 1 6 4 7 6 2

BTD 9 0.14 000 012 008 009 005 000 001 0.00 0.060 0.152 0.093
3 7 9 5 3 4 5 4 6

BTD 10 0.13 000 007 010 009 004 001 0.00 0.00 0.010 0.144 0.067
2 9 5 1 0 9 0 7 7

BTD 11 000 000 000 000 000 000 0.00 000 0.00 0.003 0.004 0.004
6 4 5 4 8 5 2 4 3

BTD 12 0.11 000 0.08 004 007 000 0.00 000 0.00 0014 0120 0.013
1 4 1 2 7 6 3 4 9

BTD 1: Transparency; BTD 2: Secured-Shared Database; BTD 3: Product Provenance; BTD 4: Enhanced
Risk Management; BTD 5: Immutability; BTD 6: Cost & Time Efficiency; BTD 7: Decentralised Database; BTD
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8: Real-Time Information Database; BTD 9: Smart Contract; BTD 10: Pseudonymity & Confidentiality; BTD 11:
Traceability; BTD 12: Auditability

Table 10
Degree of influence
Drivers code Ri Cm Ri+Cn Ri—Cm Rank
BTD 1 0.287 1.242 1.529 -0.955 2
BTD 2 0.878 0.157 1.035 0.721 12
BTD 3 0.277 0.982 1.259 -0.705 3
BTD 4 0.570 0.589 1.159 -0.019 7
BTD 5 0.451 0.755 1.206 -0.304 4
BTD 6 0.739 0.352 1.091 0.387 11
BTD 7 1.071 0.067 1.138 1.003 8
BTD 8 0.937 0.166 1.103 0.770 10
BTD 9 0.839 0.272 1.111 0.567 9
BTD 10 0.702 0.462 1.164 0.240 6
BTD 11 0.053 1.523 1.576 -1.470 1
BTD 12 0.484 0.721 1.205 -0.238 5

BTD 1: Transparency; BTD 2: Secured-Shared Database; BTD 3: Product Provenance; BTD 4: Enhanced
Risk Management; BTD 5: Immutability; BTD 6: Cost & Time Efficiency; BTD 7: Decentralised Database; BTD
8: Real-Time Information Database; BTD 9: Smart Contract; BTD 10: Pseudonymity & Confidentiality; BTD 11:
Traceability; BTD 12: Auditability
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Fig. 5: Degree of influence of drivers adopting BT in TSC.

5. Discussions on the findings

This study aims to investigate the identified drivers influencing the adoption of BT in TSC. Although
some studies have addressed these drivers, no study has established a structured relationship among them. This
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study focuses on the selection of key drivers, which are incorporated into a hierarchical framework using the ISM
and DEMATEL methods. This method also develops inter-relationships among the identified drivers. From the
ISM-MICMAC analysis as presented in Fig. 4, it is observed that the decentralised database (BTD 7) is the most
critical driver, having the strongest drive power and weak dependence power. Thus, the decentralised database
(BTD 7) is the primary driver and root cause of the system, driving the whole system, followed by the secured-
shared database (BTD 2) and the real-time information database (BTD 8), which are interrelated, having strong
drive and weak dependence power. These drivers focus on handling BT in a sustainable manner, as they exert
influence over drivers’ smart contract (BTD 9), which have strong driving power, facilitating broader system-wide
interactions and are also considered influential drivers. Fig. 3 reveals that drivers cost & time efficiency (BTD 6)
and pseudonymity & confidentiality (BTD 10) have moderately strong driving and dependence power and serve
as a transitional node, carrying the influence of the driving group drivers to the dependent group drivers within
the system. Moreover, among the dependent group drivers, traceability (BTD 11) is the most affected driver,
having strong dependence and weak driving power, along with drivers' transparency (BTD 1), product provenance
(BTD 3), enhanced risk management (BTD 4), Immutability (BTD 5), traceability (BTD 11), and auditability
(BTD 12). Thus, the ISM-MICMAC analysis shows that each identified driver has a significant impact on the
adoption of BT, as there are no autonomous or linkage drivers present.

From the DEMATEL methodology, as shown in Table 10, it is evident that, secured-shared database
(BTD 2), cost & time efficiency (BTD 6), decentralised database (BTD 7), real-time information database (BTD
8), smart contract (BTD 9) and pseudonymity & confidentiality (BTD 10) are considered as the most influential
cause group drivers. This highlights that secured-shared database BTD 2 and real-time information database (BTD
8) help in understanding the importance of BT integration in the tea supply chain. More importantly, the use of
smart contract (BTD 9) and cost & time efficiency (BTD 6) strengthens the basic concept of BT adoption in TSC.
Pseudonymity & confidentiality (BTD 10), which has a low influence, still remains a critical driver because it
falls under the cause group drivers and its relative position in the system suggests that it is helpful in amplifying
changes that other cause group drivers initiate.

Decentralised database (BTD 7), a cause group driver with strong driving power and weak dependence
power, is identified as the highest influential driver in both DEMATEL and ISM analyses. Therefore, the driver
decentralised database (BTD 7) can be considered as the underlying cause influencing the affected or dependent
group drivers. Moreover, traceability (BTD 11), an effect group driver with strong dependence power and weak
driving power, is the most influenced driver in the hybrid ISM-DEMATEL analysis. Therefore, to make an
effective traceable TSC by adopting BT, the cause group drivers should be given priority-based consideration, as
cause group drivers will naturally lead changes in the effect group drivers. In this study cause group drivers aligns
with the previous studies such as secured-shared database suggesting that data in a BT network is stored in multiple
nodes instead of a single central server, making it tamper-proof and hacking resistant (Cavaliere et al., 2024), real-
time information database allows secure, transparent, and efficient tracking of goods and transactions from origin
to delivery in the supply chain (Helo & Shamsuzzoha, 2020) and smart contract ensures automatic execution of
an agreement offering visibility to all the participants eliminating the involvement of an intermediary or third
party (Chang et al., 2019). This study supports the claim that pseudonymity and confidentiality in BT offer
enhanced privacy and security, helping supply chain stakeholders to share information safely while protecting
their sensitive business details (Baranski et al., 2025). This study supports the recommendation that BT
significantly enhances cost and time efficiency, leading to fast transactions, reduced operational costs, and
improved management in the supply chain (Cole et al., 2019; Rejeb et al., 2019). Findings of the study also suggest
decentralisation in BT enhances transparency, security, and resilience by eliminating a single point of failure,
reducing intermediaries’ reliance (Min, 2019). Blockchain-driven traceability plays a significant role in enhancing
supply chain sustainability by promoting transparency, accountability of the stakeholders, and ensuring
responsible sourcing (Centobelli et al., 2022c; Oriekhoe et al., 2024; Parmentola et al., 2022). BT provides a
secure and immutable record of the product's journey, verifying sustainable practices, fair sourcing, and
environmental consequences (Chaudhuri et al., 2023; J. Wu & Tran, 2018). Thus, to reduce the influence of the
influencing drivers, decision-makers and policy-makers must ascertain that an effective and coherent framework
is developed, taking cause group drivers into consideration. Hence, hybrid ISM-DEMATEL analysis develops the
framework for the BT-based TSC system drivers and also determines the inter-dependences among these drivers.

6. Conclusion, implications and limitations
6.1. Conclusion:

Across developing nations, particularly India, the existing regulatory organisations of traditional tea
supply chains are prone to corruption, error, and hacking. Currently, in TSC, tea adulteration has become a
significant issue, as food labelling systems are not fully trusted by consumers, raising concerns about the
authenticity, integrity, and safety of products. There is a high demand for traceability and transparency in TSC. To
overcome these issues, a practical implementation of BT on TSC is employed in this study. MCDM criteria have
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been deliberately applied, and 12 critical drivers were identified for evaluation using the integrated 1SM-
DEMATEL technique. This methodology facilitates the integration of BT in TSC by establishing inter-dependency
among drivers into a structured model and also categorising them into cause/influential or effect/dependence
groups. This suggested methodology drives the decision-maker’s attention to the dependence and causal effects
of the drivers in the system, by solving MCDM problems for smooth adoption of BT in TSC in a constructive
manner.

In the hierarchical structure, identifying drivers of BT adoption in TSC is very complex. The findings of
the study identified that the decentralised database (BTD 7), along with the real-time information database (BTD
8) and the secured-shared database BTD 2 are the most influential and causal drivers; on the other hand,
traceability (BTD 11) is the most effective dependent driver in the ISM as well as the DEMATEL approach.
Cause/influential group drivers easily affect the effect/dependent group drivers, as these cause group drivers have
high potential to influence the overall system. Hence, practitioners need to be more focused on these cause group
drivers while implementing blockchain in the context of India.

6.2. Research implications

Based on the empirical analysis, the identified drivers were classified into two groups: either
cause/influential or affected/dependent. The drivers falling under the affected or dependent group are significantly
influenced by cause or influential group drivers, as they play a crucial role in the adoption of BT in TSC and
warrant immediate attention from organisational decision-makers and policymakers. These cause-type drivers act
as the root sources of the dependent/affected drivers. Addressing the root causes is essential, as managing them
effectively can mitigate the influence of the dependent factors. Consequently, organisational leaders and
policymakers must prioritise the resolution of these influential drivers to maintain consistency and prevent
systemic disruptions across the supply chain.

Moreover, for organisational decision-makers, the identified drivers offer a strategic opportunity and
proactively recognise and manage potential risks within the TSC. To achieve this, it is required to place social
considerations at the core of decision-making processes, assuring the technical advantages of implementing BT
in a manner that aligns with societal needs and expectations. From an organisational perspective, the successful
integration of BT within TSC depends on designing incentive-driven mechanisms. BT integration encourages
supply chain participants to collect and share authentic and trustworthy data, which is an essential component for
building an effective traceability model, ensuring transparency and accountability within the system. Blockchain
technology can act as a foundational technology that integrates, adapts, and collaborates with other emerging
technologies within its network, thereby enabling uninterrupted improvements in the TSC. Technologies such as
10T and artificial intelligence can support the development of data-driven ASCs.

In addition, it is recommended that government bodies and stakeholders to collaborate and address
challenges related to the implementation of BT in TSC, and also develop a sustainable framework. This model
can also be extended to diverse sectors, such as agriculture, beverage and food supply chains. In this study, the
proposed research model offers recommendations to decision-makers and policy-makers in the adoption of BT,
considering cause/influential group drivers to enhance traceability within the TSC in a sustainable and
environmentally friendly manner. This study also contributes to achieve both economic and social sustainability
in the TSC.

6.3. Limitations and future research

Instead of the valuable contributions of this study in understanding BT integration in TSC, several
limitations are also present. The hybrid ISM-DEMATEL technique used to model the inter-relationships among
drivers relies heavily on experts’ opinions, which, while insightful, may introduce a degree of subjectivity and
bias. Moreover, the study focuses on 12 drivers identified and validated by experts solely within the Indian context.
This geographic and contextual limitation may exclude key drivers that are relevant in other countries with
different technological readiness, regulatory frameworks, or supply chain dynamics.

Future research should consider a broader, cross-country perspective to identify additional drivers and
validate the model statistically using techniques like Structural Equation Modelling (SEM). Comparative studies
across different regions can help refine the interdependencies between drivers and lead to the development of a
more inclusive and globally relevant framework for BT-driven traceability in the tea supply chain.
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