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Abstract

Increasing complexity and the involvement of additional stakeholders make it impos-
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Institute of Management, Lucknow, U. P., India sible to predict the impact of each decision, which puts supply chain managers in

uncertain situations. However, a supply chain that can adapt and react to the current
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scenario gives them some control over these ambiguous circumstances. These char-
acteristics of sensing disturbances or threats and giving appropriate responses can be
improved with the implementation of blockchain-enabled technologies and can prove
critical to the success of supply chain resilience and sustainability. This study has
identified 21 blockchain technology-enabled critical success factors for supply chain
resilience and sustainability and grey theory is used to address the limitation of data
availability. This study incorporates the combination of the Grey-DEMATEL
(Decision Making Trial and Evaluation Laboratory) method to investigate the impact
of critical success factors and to obtain the cause/effect relationship. Sensitivity anal-
ysis is performed to assess the robustness of obtained results. The findings indicate
that internal integration is the most crucial causal factor, as it initiates the effects of
many other critical success factors. Whereas Standardized Data Management, fol-
lowed by Smart Ordering tops the effect group. As blockchain technology is still in its
early stages of development, this study will encourage researchers and industry prac-
titioners to strive for greater efficiency and effectiveness in their supply chain prac-

tices and to enhance the resilience and sustainability of their supply chains.
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1 | INTRODUCTION

The processes of the supply chain have evolved with the technology

to facilitate and minimize the distance between consumer and manu-
Abbreviations: AT, AssetsTracking (such as resources and products); BDO, BT-enabledDaily
Operations; BT, BlockchainTechnology; Cl, Customerlntegration; CSF, CriticalSuccess Factor;
CSFs, CriticalSuccess Factors; DEMATEL, Decision MakingTrial and Evaluation Laboratory;
EFT, EfficientFinancial Transactions; EIC, Efficient Intra-Organizational Communication; EL,
EfficientLogistics (Verification and Validation); IM, InventoryManagement; IN,
Internalintegration; INV, Invoicing (validation and approval); IRM, Initial RelationshipMatrix;
ISP, Integrationof Strategic Partners; MPV, ManufacturingParameter Validation; OA,

facturer. For instance, business transactions started from simple trust-
based agreements, with days or even months of execution time, to
banking systems that take only a few moments. However, despite
these evolutions, in the last few years, supply chains have experienced

major disruptions. These disruptions have challenged the supply chain
OrganizationalArchive for sensitive data/designs/plans; QDF, Quality datafor Forecasting

and Analytics; RMS, Revenuemanagement system for the employee; SC, SmartContract; stake holders as well as govemments all around the world. For

SCRS, SupplyChain Resilience and Sustainability; SD, StandardizedData Management; SDM,
StandardizedDocument Management; Sl, Supplierintegration; SO, SmartOrdering; SOG,
Structured Operating guidelines/parameters; SRV, Supplierand Raw material Verification; Tg,
Total Relation Matrix; Ty, ThresholdValue.

instance, COVID-19 has caused a slowdown in supply chain opera-
tions all around the globe, and after that, the Russia-Ukraine conflict

adds more complications to the logistics (Ambrogio et al., 2022).

Bus Strat Env. 2023;1-22. wileyonlinelibrary.com/journal/bse

© 2023 ERP Environment and John Wiley & Sons Ltd. | 1


https://orcid.org/0000-0003-2739-5607
https://orcid.org/0000-0002-2579-7859
mailto:s.pratapiitkgp@gmail.com
https://doi.org/10.1002/bse.3548
http://wileyonlinelibrary.com/journal/bse
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fbse.3548&domain=pdf&date_stamp=2023-09-05

PANDEY ET AL.

2 | Business Strateqy " B
Wl LEY_ a#é]qﬁ:SEnﬁrg%ent @ E

These are a few examples of many global and local level disruptions
that occurred in supply chains throughout the world. To address and
mitigate the difficulties brought on by these disruptions, many
researchers have examined the supply chains from the perspectives of
resilience and sustainability (Negri et al., 2021). Although there has
been a significant amount of study on sustainability and resilience
separately in the literature, empirical data indicate that the two con-
cepts are interconnected and by improving resilience sustainability
will also get enhanced (Fahimnia et al., 2019; Negri et al., 2021).

Firms always desire a responsive and sustainable supply chain
capable of recovery from disruptions; thus, they persistently search
for technologies that help to convalesce Supply Chain Resilience and
Sustainability (SCRS). SCRS refers to the characteristics such as adapt-
ability to change and readiness to recover from disruptions and unex-
pected events in a way, which is sustainable. It makes supply chains
able to continue operating even in the face of unforeseen disruptions
by promptly recognizing and mitigating their effects, locating alternate
sources of supply, enhancing the utilization of resources, and adapting
to changes in demand. SCRS reduces the likelihood that supply chains
will be disrupted by events like natural disasters, political unrest, and
economic downturns, ensuring company continuity. In addition, gov-
ernments are also implementing more regulations to make sure busi-
nesses function sustainability and firms can escape legal repercussions
and guarantee adherence to environmental and social standards by
implementing SCRS practices. With the increasing complexity and
involvement of numerous parties in supply chains, it has become
imperative for stakeholders to possess qualities such as transparency,
traceability, security, resilience, and sustainability in order to tackle
the challenges arising from the daily surge in demand. In addition, the
supply chain processes need a simple, efficient, and secure environ-
ment to conduct various business transactions with efficient and cor-
rect information flow to maintain resilience and sustainability
(Sawyerr & Harrison, 2020).

Supply chains throughout the globe are facing major disruptions
due to the inefficiency of existing technologies in these challenging
times. The need for the adoption of new technology is at its peak as
the current political, economic, and social landscape is more challeng-
ing than ever. This non-stop disruption over the last few years has
resulted in inefficiency, ineffectiveness, poor customer satisfaction,
long delivery delays, and a decrease in revenues and sales (Zhu
et al., 2020). For firms, it is critical to realize that these challenges
related to end-to-end visibility and communication, if left unresolved
would reduce the resilience and sustainability of the supply chain.
Amid the calls for the mitigation of these challenges, Blockchain Tech-
nology (BT) is emerging as a possible solution. The BT is purposefully
created as a distributed ledger technology to be extremely resistant to
fraud and alteration. To digitally timestamp electronic documents and
prevent manipulation, Stuart Haber and W Scott Stornetta first pro-
posed the concept of a cryptographically secured chain of blocks in
1991. The creator(s) working under the alias Satoshi Nakamoto then
released a white paper outlining the design for a blockchain. However,
it became more well-known in recent years when it was incorporated

with Blockchain technology to preserve transactions of the digital

currency known as “Bitcoin.” Every transaction in this ledger is autho-
rized by the owner's digital signature, which also protects it from tam-
pering and authenticates the transaction. As a result, the data in the
digital ledger is quite safe. Bitcoin is not like traditional currency it is
“mined” and not printed. This application of BT (Bitcoin) has gained
popularity as it is cost-effective (works without intermediaries), more
efficient, and more secure than other alternatives. The key advantages
of using BT include its decentralized nature, anonymity, transparency,
democratization, immutability, auditability, fault tolerance, and secu-
rity (Alkhudary et al., 2022; Bhutta et al., 2021).

The strengths of BT can be used to ensure the stability and readi-
ness of the supply chain and make it more adaptable to market
needs/fluctuations. Features like decentralization, transparency,
immutability, auditability, etc. are being used to support the functions
of SCRS and can be proved critical to the success of a supply chain
(Sawyerr & Harrison, 2020).

BT can be applied in a variety of processes to improve the sus-
tainability and resilience of the supply chain (Figure 1). For instance,
allowing end-to-end traceability of products, materials, and transac-
tions enables all supply chain participants to confirm the products'
origin, authenticity, and quality. In order to confirm that a product
was made sustainably and ethically, its path from raw materials to
final delivery can be traced. Utilizing smart contracts can decrease
the need for intermediaries and improve supply chain effectiveness.
In addition, the transparent and unchangeable record of all transac-
tions facilitates the identification of supply chain inefficiencies and
possible bottlenecks, as well as can help cut down on waste and bet-
ter resource allocation. BT can also be used to monitor a product's
carbon impact throughout the entire supply chain. This makes it pos-
sible for businesses to find ways to lower their carbon emissions and
carbon footprint and to take part in initiatives that reduce carbon
emissions.

Industries are in the process of thoroughly examining the various
BT-enabled applications and implementing them in the places, and to
enhance the resilience and sustainability of the supply chain. BT is
now being used by organizations such as UbiMS to secure their data,
intellectual property management, smooth and secure flow of infor-
mation, enhance the efficiency of logistics, etc. (Tijan et al., 2019).
Despite the potential that BT provides for the SCRS discipline, it has
gotten a very small amount of attention in the SCRS literature and
there have not been many studies published that exclusively address
BT for SCRS (Cole et al., 2019). As the BT is still in its early stages of
development, there is little information on the crucial success ele-
ments specific to the BT for the SCRS. By giving an overview of block-
chain technology to the SCRS audience, examining the effects, and
examining the connections between BT-enabled critical success fac-
tors for SCRS, this study intends to fill this research gap. The study
discussed the following Research Questions (RQs):

RQ 1. What are the BT-enabled critical success factors for supply
chain resilience and sustainability?
RQ 2. How different CSFs can be correlated and categorized for

supply chain resilience and sustainability?
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FIGURE 1 Resilience, sustainability,
and blockchain technology.
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RQ 3. In what priority, do these BT-enabled CSFs need to be
implemented to enhance the resilience and sustainability of the
supply chain?

The remaining portion of the study is provided as follows: The lit-
erature review is presented in section 2, and the methodology and the
applications of the proposed model are covered in section 3. Results
and discussion are presented in section 4 along with sensitivity analy-
sis and managerial implications. The conclusion of the study and its

limitations is presented in Section 5.

2 | LITERATURE REVIEW

Resilience and sustainability are critical for supply networks; however,
while there has been substantial research on sustainability and resil-
ience separately in the literature, empirical evidence shows that the
two concepts are interconnected (Fahimnia et al., 2019; Singh
et al., 2023). The previous contribution and research gaps of the key
literature are presented in Table 1. In addition, the available literature
is discussed in the context of SCRS, the integration of BT for SCRS.

21 |
(SCRS)

Supply chain resilience and sustainability

Resilience refers to the capacity for resistance and recovery from
unanticipated disturbances making a supply chain act in a way that is
both resourceful and prompt, bringing things back to normal, or better
(Bayramova et al., 2021). On the other hand, sustainability refers to a
system's capacity to satisfy present needs without endangering the
ability of future generations to do the same. Sustainability entails
the long-term, equitable maintenance of ecological, social, and eco-
nomic processes (lvanov, 2018). The relation between resilience and
sustainability is that resilience is a necessary condition for sustainabil-

ity. A system that is not resilient cannot be sustainable, as it will not
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be able to withstand the various shocks and stressors that it will face
over time. In contrast, a resilient system is more likely to be sustain-
able, as it can adapt to changing conditions and maintain its essential
functions and structures (Al Azmi et al., 2022). Moreover, sustainabil-
ity can enhance resilience by promoting the development of more
robust and diversified systems that are better able to cope with
uncertainties and disruptions.

Supply chain disruptions can result from a variety of factors,
including internal problems and external ones, affecting the SCRS.
Internal problems may include machine failure due to improper
inspection and maintenance, improper or inadequate integration
between various departments, etc., whereas external problems may
rise due to situations like natural disasters or accidents. These inci-
dents typically happen quickly and without warning. In many supply
chains, external supplier operations result in logistical activities like
the provision of raw materials, component assembly, production, and
product flaws. A corporation must build the logistics, procedures,
and capabilities that enable quick and effective reactions as supply
chain disruptions occur. This also boosts the organization's ability to
carry out routine commercial operations (Kaviani et al., 2020). The
research shows that collaboration with partners in the supply chain is
essential during disruptions because it promotes visibility, awareness,
and decision-making in the face of challenges. It is possible to con-
clude that supply chains can benefit from resilience and sustainable
practices.

2.2 | Integration of blockchain technology
(BT) for SCRS

According to the research that has been done so far, the implementa-
tion of BT may show to be one of the most important factors in the
achievement of resilience and sustainability goals. Researchers con-
ducted a bibliometric analysis, a systematic literature review, and a
text mining approach, focusing mostly on publications over the last

20 years, to investigate the possible impact that BT could have on the
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TABLE 1 Key literature review.
S.N. Aims Methodology Results Research gaps Reference
1 To discuss the ways to Literature review-based Features like efficient Theory-based study (Min, 2019)
enhance supply chain study transactions, asset
resilience using BCT tracking, etc can improve
the resilience
2 To develop a blockchain Survey and structural Technology adoption Based on certain (S. Kamble
adoption model for equation modeling model for blockchain assumptions etal., 2019)
supply chains
3 Analysis of continuance Expectation-confirmation Application of extended The study considered only (Fosso
intention in blockchain- model (ECM) version of ECM stake holder trust Wamba, 2019)
enabled supply chain
4 Analyze the influence of An agent-based Smart contracts and Theory-based study (Lohmer
BCT on supply chain simulation study collaborations with time- et al., 2020)
resilience. efficient processes can
improve the resilience of
a supply chain
5 Blockchain's effects on The survey-based Performance can be More variables can be (Fosso Wamba
supply chain efficiency technology adoption improved with included et al., 2020)
model blockchain technology
6 To identify the impact of Literature review Blockchain technology has Theory-based study (Bayramova
blockchain solutions on a positive impact et al., 2021)
supply chain resilience
7 To investigate the effects Partial least squares Blockchain technology The impact of individual (Khan et al., 2021)
of blockchain on structural equation along with green behavioral barriers needs
sustainable supply chain modeling (PLS-SEM) information systems has to be investigated
practices a positive influence on
sustainable practices
8 Readiness assessment of The fuzzy best-worst Readiness assessment and The proposed study (Irannezhad
block chain technology method management approach depends on the expert's etal., 2021)
implementation for blockchain knowledge
implementation is
presented
9 Investigation of the Survey-based statistical Discovering that the Based on specific sectors (S. S. Kamble
relationship between analysis performance of the can be more generalized et al,, 2021)
BCT and sustainable sustainable supply chain
supply chain is positively impacted by
performance blockchain technology.
10 To study the role of The bayesian best worst Interconnection of barriers Results are not (Liu et al., 2021)
blockchain method and the priority of each experimentally tested
implementation element is given
challenges in supply
chain sustainability
11 To develop a framework Diffusion of innovation The relative advantage of Respondents are from a (Agi & Jha, 2022)
for blockchain adoption (DOI) theory and the technology and the specific region
in the supply chain DEMATEL external pressure are the
most prominent enablers
12 Investigation of The fuzzy data The performance of the Specific industry-based (Yousefi &
performance envelopment analysis mineral supply chain may study Mohamadpour

improvement, because
of blockchain
implementation.

model

be significantly impacted
by blockchain
technology.

Tosarkani, 2022)

performance of supply chains. They made the point that BT has
the potential to play an important part in ensuring the reliability of
supply chains, fostering trust, and safeguarding intellectual property
(Fosso Wamba et al., 2020; Ghadge et al., 2020; Rejeb et al., 2021; Xu

et al., 2020). Implementation of BT-enabled technologies in supply
chains is also broadly discussed by researchers and traceability, trans-
parency, stakeholder involvement, and collaboration along with supply

chain integration and digitalization termed as the major factors (Bar
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et al, 2018; Chang & Chen, 2020; Sobb et al., 2020). Researchers
have also explored the different attributes and adoption factors of
BT-enabled technology such as transparency, information
immutability, smart contracts, technology readiness, traceability, flexi-
bility, real-time information sharing, and security of the data capabili-
ties. They have pointed out that BT-enabled technologies are
emerging as important game changers for SCRS (Callinan, 2022;
Kamble et al., 2019; Kim & Shin, 2019; Meidute-Kavaliauskiene
et al., 2021).

The integration of BT is increasing to support the resilience and
sustainability characteristics in the supply chain, according to several
surveys on BT adoption; more than 60% of businesses have already
deployed or are in the process of implementing blockchain technology
(Min, 2019). Researchers have analyzed the effect of BT on SCRS con-
sidering different aspects and methodology. For instance, the effect
of BT on supply chain resilience is analyzed by Lohmer et al. (2020),
through a simulation-based study, and the importance of smart con-
tracts to improve resilience and sustainability is explained by Yousefi
and Mohamadpour Tosarkani (2022). The importance of transparency
and disintermediation properties of BT and its strong effect on supply
chain performance is discussed by Li et al. (2021). The use case of BT
for healthcare, food, and logistics in the supply chain is discussed by
Kouhizadeh et al. (2021), and they suggested that transparency, trace-
ability, and improved efficiency can help organizations to increase
their profits significantly. It further becomes imperative for firms that
are aiming for the digital transformation of their supply chains to
adopt this (Rana & Daultani, 2022). Figure 1 shows the relationship

between supply chain resilience, sustainability, and BT.

3 | METHODOLOGY

The Grey System idea was conceptualized for the first time in 1982
and used for systems that are lacking information, such as structure
messages, operation mechanisms, and behavior documents. In most
cases, one can determine which Grey System they are dealing with
based on the existing grey relations, grey elements, and grey num-
bers (which are denoted by ). The term “grey” refers to things
that are lacking, incomplete, uncertain, etc. (Julong, 1989). When
used in conjunction with the DEMATEL approach, the grey systems
theory facilitates a thorough study of the linguistic data gathered
from respondents. It reduces information loss and captures the core
of judgments (Prashar & Aggarwal, 2020). The method has been
applied to a wide range of domains such as to understand the

TABLE 2 Specification of experts.

For screening

Respondents types criteria

Industry expert 30 5.5
Academicians 80 6.0
Research scholar 95 2.0

Average work
experience (years)

and the Environment % E_WI ]_‘E.YJ_5

cause/effect relation of barriers in the agriculture supply chain by
S. Yadav and Singh (2020), and Kouhizadeh et al. (2021) use it to
do a detailed examination of the factors that influence and facilitate
the adoption of blockchain technology. The combination of grey
and DEMATEL methods is successfully applied by Agi and Jha
(2022), who used it to create the BT adoption framework for supply
chains, and Gupta and Barua (2018), to model the factors that
encourage green innovation in manufacturing organizations. DEMA-
TEL is one of the best approaches for analyzing cause/effect rela-
tionships in complicated models, which is one of the main benefits
of utilizing this approach, however, it fails to comprehend the uncer-
tain situations or lack of information (Gupta & Barua, 2018). Thus,
the grey approach is combined with DEMATEL to address this issue.
The Grey approach works well with limited data under vagueness.
In addition, the successful application of the grey DEMATEL method
in various fields of supply chain makes it a suitable approach for the
proposed study.

Applications of BT can be included in the supply chain to improve
its resilience and recovery capacities as well as make it sustainable
and prepared for unforeseen obstacles. The considered supply chain
includes suppliers, manufacturers, logistics (inbound and outbound),
and customers, to have a better grasp of SCRS. The literature review
is carried out with the aforementioned components of the supply
chain in mind, and the identified BT-enabled Critical Success Factors
(CSF) for SCRS are sorted into four categories. 1. Manufacturer, 2 sup-
pliers, 3. Logistics, and 4. Customers. The specification of experts is
given in Table 2.

A questionnaire is circulated and 230 responses are received
out of that 205 are selected for screening criteria. To identify the
interrelations among BT-enabled CSFs for SCRS a panel of 4 mem-
bers is selected and the Delphi technique is employed. The
responses are collected and analyzed after every round and a sum-
mary is presented to experts. The process continued until a consen-
sus is reached among experts. The proposed research framework to
examine the causal relationship among BT-enabled CSFs for SCRS is
shown in Figure 2.

Twenty-one BT-enabled Critical Success Factors (CSF) for SCRS
are identified and presented in Table 3. These factors have been dis-
cussed by many researchers in a wide range of applications. As smart
contract concerning BT and BT-enabled integration of the supply
chain to enhance visibility, trust, and resilience is widely considered
and discussed by most researchers (Bayramova et al, 2021;
S. S. Kamble et al., 2021; Khanfar et al., 2021; Kim & Shin, 2019; Li
et al., 2021).

To identify the
interrelations

Average work
experience (years)

3 8
1 12
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To examine the causal relationship among BT framework.

enabled critical success factors for SCRS
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[ Literature review experts

Identification of BT
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:

Initial direct relationship
matrix (IRM)

Average IRM

v

Normalization of obtained
matrix

Total IRM

v

Cause and effect
relationship

Y

Sensitivity analysis

s

Results & Recommendations

3.1 | Steps of the Grey-DEMATEL approach Step 1- Development of Initial Relationship Matrix (IRM)
The procedure for the grey DEMATEL method is broken down into The initial relationship matrix is formulated based on impact rat-
the following steps, which are detailed below: ings from the respondents. The responses are collected based on
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TABLE 3

Group Slno Ciritical success factors (CSF)

Supplier 1 Smart contract (SC)

2 Internal integration (IN)

3 Structured operating guidelines/
parameters (SOG)

4 Supplier integration (SI)

Manufacturer 5 Inventory management (IM)

6 Supplier and raw material verification
(SRV)

7 BT-enabled daily operations (BDO)

8 Manufacturing parameter validation
(MPV)

9 Revenue management system for the

employee (RMS)

10 Quality data for forecasting and
analytics (QDF)

BT-enabled critical success factors (CSF) for SCRS.

Description

Digital contract management,
execution, or verification. There is no
requirement for intermediaries to
complete the transactions because
smart contracts function on the
blockchain network, which handles
every transaction in a contract. They
offer a more efficient, affordable,
and secure approach to managing
and carrying out agreements.

By combining serial numbers, bar
codes, sensors, and digital tags, BT
creates a unified and transparent
platform that uses a distributed
database to make it easier to
regulate internal processes.

The operational standards and
parameters are made more
understandable and accessible due
to BT's assistance in standardizing
document management.

BT provides a replica of the network at
every node, making data transparent
to stakeholders. In this instance, all
transactions are consensually based
to promote openness and
confidence.

By logging any purchase order and
providing a copy of the data
available to the stockholders utilizing
its distributed nature, BT makes
inventory management inside SCs
easier.

To lessen the likelihood of data
manipulation and forgeries, BT logs
every transaction and flow of data
following confirmation in SCs and
does not permit editing, tampering,
or change.

Using data properties inherent in
transactions, BT reduces needless
stages in the settlement process and
the requirement for clearance by
outside organizations along with that
it helps in streamlining the daily
routine operations of the firm.

The BT can be used for production
parameter validation because of its
immutability.

Due to the secure and transparent
nature of BT, it can be used for
efficient revenue-sharing methods.

BT ensures the quality of the data it
offers by keeping a record of
transaction history, ensuring the
integrity of the information, and
making every transaction transparent
to all stakeholders.

Business Strategy 3
and the Environment
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TABLE 3 (Continued)

Group Slno Ciritical success factors (CSF)
11 Organizational archive for sensitive
data/designs/plans (OA)
Logistics 12 Standardized data management (SD)
13 Efficient logistics (verification and
validation) (EL)
14 Efficient intra-organizational
communication (EIC)
15 Integration of strategic partners (ISP)
16 Invoicing (validation and approval)
(INV)
17 Assets tracking (such as resources
and products) (AT)
Customers 18 Smart ordering (SO)
19 Efficient financial transactions (EFT)
20 Standardized document management
(SDM)
21 Customer integration (Cl)

Description

The level of security in BT is the best,
which is why it is the perfect option
for storing sensitive data/designs/
plans.

BT creates an immutable audit log to
capture the data transaction after
verification in supply chains. To
reduce the possibility of data being
manipulated or falsified, BT also
forbids modification or tampering.

The BT gives its approval to and
provides support for transactions
and document exchanges depending
on the terms that parties have
agreed upon. This helps with
compliance with other rules as well
as improving logistics processes by
removing bottlenecks.

BT facilitates more streamlined and
automated communication between
entities while maintaining the
highest possible level of trust.

The distributed nature of BT allows it
to share the information flow
regarding ongoing processes from
the beginning to the end, giving the
required supply chain entities on
blockchain access to data free from
bias and error.

By implementing a distributed system,
BT lessens the possibility of late
payments and ineffective asset
management while speeding up the
conclusion of the transaction
process.

Traceability of assets can be made
easier by high-performance data
records, distributed databases, and
regulated user accesses.

BT can help participants manage the
orders more effectively by helping
them keep track of data like pricing,
dates, location, quality, certifications,
and other important factors.

BT uses smart contract-driven trade
transactions to exchange assets in
SCs, eliminating intermediaries and
lowering transaction costs in the
process.

To keep the standard documents in
good working order, standard tools,
processes, and performance measure
indicators are used.

By keeping track of each purchase
order and making a copy of the
information accessible to
stockholders due to its distributed
nature, BT facilitates customer
integration among SCs.
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TABLE 4 Linguistic assessment and associated grey values.

Linguistic Intensity of Associated grey
assessment impact values

No impact 0 (0.0,0.1)

Very low impact 1 (0.1,0.3)

Low impact 2 (0.2,0.5)
Moderate impact 3 (0.4,0.7)

High impact 4 (0.6,0.9)

Very high impact 5 (0.9,1.0)

the linguistic scale given in Table 4 and each respondent ‘k’
assessed the direct impact of factor ‘m’ over factor ‘n’. Let us
say ‘i’ represents the number of BT-enabled CSFs and ¢’ is the
selected number of respondents for the study. Thus, a total of ¢
initial relation matrices are constructed based on the impact param-
eters. The linguistic scale and associated grey values are presented
in Table 4.

Step 2- Computation of Grey Matrix corresponding to each IRM

By specifying a higher and lower range of values as indicated in
linguistic scale Table 4, the matching grey matrices are produced
from the values acquired in step 1 (Gupta & Barua, 2018b;
Julong, 1989).

®ann = ® Z—G,r(nn’@cfnn 1)

Where 1<ks<j;1<m<i;1<n<i.

The IRMs are modified into grey relation matrices as per the
obtained grey values, i.e. [@G}m], [@ann], {@G‘;m]
(Rajesh & Ravi, 2015).

Step 3- Average Grey Relation Matrices

The computation of the average grey relation matrix

{@ Glnn} ;k=1—jis performed using ‘j’ grey relation matrices,

- Sk ®Cm 5/ ® Gl
R Gy = | =, 21 € )
J ]
Step 4- Computation of crisp matrices from average grey matrices
By using a three-step, modified converting fuzzy values into crisp
scores approach, the grey values are transformed into crisp values as

follows (Julong, 1989; Rajesh & Ravi, 2015; Xia et al., 2015).

i. Grey value normalization

@Gmn = <@Cmn - mi:@émn)/ mfr)f (3>

and the Environment &;2 E_WI L EYJ_9

Where @Cmn represents the value of the normalized lower limit for
the grey number ®émn

QG /A (4)

Where @Gmn represents the value of the normalized upper limit for

the grey number ®Gmn, and

max——_. il ~
A =" &) Gm —'"':@Gmn (5)

ii. Computation of total normalized crisp value

Zmn = (@Gmn (1 _@Gm“) + <®Gmn X @Gmn)
(1- ®6m+ ®6m)

iii. Calculation of the final crisp values

Z;an = (min@émn +Zmn X mﬁf) (7)

and,

Z=[z] (8)

mn

Step 5- Computation of the normalized direct crisp matrix

By calculating B and multiplying the average relation
matrix Z by B, the normalized direct crisp relation matrix, A,
is created i.e.

1
S 7
And
A=ZxB (10)
Each element of matrix A ranges from O to 1.
Step 6- Computation of total relation matrix Tg
Tr=Ax(I-A)! (11)

Where | represent the identity matrix.

95U8017 SUOWIWOD SAEeID) 3(dedt|dde sy Aq peusenob ae sooiLe VO ‘88N JO S9N 10j ARIq1T 8UIUO A8]IAR UO (SUOTHPUOD-PUE-SLUIB)/I0D™AB | 1M Aeq 1[ulJUO//:SANY) SUORIPUOD Pue Swis 1 81 88S *[7202/T0/82] Uo Ariqiauluo A8|im *ABojouyos 1 JO 1misu| uelpu] Aq 8ySE850/Z00T OT/I0p/W00" A3 1M Alelqpuljuo//Sdiy Woly pepeojumod ‘0 ‘9E80660T



10990836, 0, Downloaded from https://onlinelibrary.wiley.com/doi/10.1002/bse.3548 by Indian Institute Of Technology, Wiley Online Library on [28/01/2024]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

&
S
g 60 S0 S0 L0 140 70 10 SL0 L0 L0 90 L0 S0 €0 S//40 7’0 90 S¢80 7’0 S/S0 S90
90 c0 ¢0 0  S/10 ST0 0 SS0 7’0 140 €0 7’0 G20 T0 G¢so ST0 G€0 G/S0 GT0 G/€0 S€0 dsl
S0 S80 €0 S0 S€0 540 SG'0 10 7’0 L0 S90 S€0 c0 S€0 60 S0 S0 70 S0 T 80
0 SS°0 10 20 SCT0 ¢0 §/20 0 ST0 70 S€0 SCT0 S00 SCT0 90 sco Sco ST'0 0 60 S0 BlE|
SLL0 80 L0 80 S60 80 60 G680 T0 60 90 G590 140 S0 G680 S0 GC60 L0 L0 L0 90
GCs0 S0 70 S0 SL0 S0 90 S90 0 90 €0 S0 c0 sco 690 G100 SZL0 70 7’0 0 Se0 13
S0 S/80 L0 60 L0 90 80 S8'0 80 T0 60 S9°0 S0 S0 80 SL0 SL0 90 L0 60 90
G¢S'0 sc¢L0 7’0 90 14 €0 S0 G590 S0 0 90 S0 €0 Sco S0 S/¥0 S/¥VO S€0 7’0 90 €0 as
S0 G680 S0 80 S0 L0 80 S80 L0 60 10 S0 10 90 90 S0 90 14 S0 L0 c0
0 SS°0 c0 S0 sco 70 S0 S90 70 90 0 Sco 0 Se0 €0 20 S¢g0 ST0 sco 7’0 S00 VO
G260 60 90 G560 90 L0 80 80 G9°0 G440 60 T0 ¢0 L0 60 S9°0 SG°0 €0 L0 90 7’0
G/9°0 90 €0 S0 €0 7’0 S0 S0 G/€0 S/90 90 0 S00 70 90 s€0 rAl) 70 7’0 €0 GT0 4a0
€0 SL0 S80 €0 ST0 60 TAl¢} SS0 €0 g9'0 80 SS0 10 70 90 S0 7’0 ST'0 SS0 SS°0 €0
ST0 f140] GS0 ST°0 G200 90 10 rAl] ST0 G/Z€0 S0 G¢go 0 ¢0 S€0 €0 ¢0 Sc¢o0 erAl] rA] ST0  SNY
S0 G590 7’0 90 140} 7’0 g9'0 SS°0 7’0 90 L0 90 €0 70 90 L0 L0 G€0 GL60 L0 €0
rAl¢} S€0 G/T10 €0 §¢¢0 S/T0 Se0 rAle} ST'0 €0 70 S€0 10 0 €0 70 70 G¢1'0 G280 7’0 70 AdW
60 G680 80 SL0 G590 S50 G660 G260 90 80 S80 §¢90 S0 S0 10 S0 G¢90 S0  G¢60 T 7’0
90 SS°0 S0 S/¥0 S€0 T4} GC0 S/L0 €0 G0 SS90 S/&0 GCCOo T4} 0 §¢C0 S0 S¢C0 S/90 60 G/T0 0ad
SL0 SL0 €0 S0 €0 90 90 90 S0 S90 S0 90 ST'0 90 SS°0 T0 L0 S60 S9°0 SS'0 L0
140 140 10 T4l 70 €0 6¢€0 €0 ¢0 S€0 ¢0 G¢€0 S¢00 G¢€0 Sceo 0 6¢S0 SL0 S€0 S140] f140] NS
60 80 90 S60 60 SS0 80 90 T SLL0 90 §C60 ST0 g9'0 G680 90 T0 G460 SL0 S0 80
WT.- L0 S0 €0 S0 90 sco SS'0 €0 60 S¢S0 €0 §/90 S¢00 S/€O0 S90 €0 0 §¢80 40 S0 S0 Al
,%a, 90 L0 S0 L0 S0 GG°0 G¢60 14 80 S0 S0 G680 c0 Se0 140 80 S0 10 SS°0 Se0 80

€0 0 [40¢) 14Y ¢0 G¢'0 G/90 ST0 S0 ¢0 ¢0 SS90 600 G¢T'0 S¢cCo S0 140] 0 §/¢0 ST0 90 IS
L0 SC80 S0 14" €0 140] 90 L0 Se0 S0 60 Se0 [ TA) SC0 S0 TA) 4] S0 10 60 10
0 S/S0 §¢0 ST0 70 G6/10 S/£0 0 ST0 140 90 SCT0 170 600 S0 SL00 SCC0 SCT0 0 90 0 90S
S¥'0 §9°0 0 S0 €0 €0 G0 60 S¢0 S0 S0 70 S0 §¢0 60 G€0 S0 €0 GG'0 10 S0
SLT°0 0] ST0 S¢0 10 70 610 L0 SL00 ¢0 ¢0 ST0 G¢0 G/00 L0 SCTO0 S¢0 10 €0 0 c0 NI
G9°0 §9°0 L0 90 S0 L0 S0 S¥0  S¢L0 S0 90 L0 €0 G€0 G50 SL0 S¥'0 SL0 90 S0 10
€0 €0 70 €0 ¢0 70 S¥'0 S¢Cc0 SLVO S¥0 €0 14 GT°0  GC¢T'0  Gc¢€0 S0 G/T°0 S0 Ge€0 §¢0 0 oS
Was 143 (0} 1v ANI dsl plE| 13 as VO 4ad SWY AN oasg NdS NI IS 90S NI JS  s4SD

‘SYDS 404 S4SD pajqeus-| g 404 Xljew uojeas Asu3 adessAy 6 374V L

10 | Business Strat
Wl L EY_ a#é]qﬁstnﬁrS%ent
(v}



PANDEY T AL. frees Gy R B 11
Business Strategy
and the Environment % E_WI LEY
Step 7- Cause and effect parameters
—~ 9o TN oo N0 ® -
O o c o c o o o o o o o o
Let R, be the sum of rows, C,, is the sum of columns, and t,,,, rep-
S 1w v v W;n resents the elements in the total relation matrix. Thus, using equa-
QA T N ¥ N 10 ®©® 9 o D Y
BEESICE © © EEON © O pEagel © O tions (12) and (13), it can be calculated as:
n uwn
F N N 1 own 0 n
L N ® o n 0 ® i 0 ®© Vv 9 |
W O O O O O © © 8 © © © o
Rn=3_, ytmn¥m (12)
wn wn n wn
QO 9 o ¥ N 0 o NN o |
h © O O O O O O 8 6 & © O Cn:Zmzltmnvn (13)
wn
~ un wn wn un un wn
= < 0 @ N 1 M 9o N Oy
< ©O ©O O O O O O O © o © O
" Step 8- Threshold setup and graph plotting
2 280w 3858 v~ iR
£ 0 0 0o 0o 0o 0o o d 8 o o o . . .
With the help of values obtained from equations (12) and (13), a
TS 0w 0 R & v on causal diagram can be plotted.
a N o TN ST NN O YN
Y 0o o o o o o o o oo o o
a wn wn
O n 0o n 0o <« N ¥ N 10 0 ™ © i i
22202 X0 R 00 3.2 | Application of the proposed method
» g © K’ gz_ © ot N N O The stepwise application of the proposed model is presented below:
Il O O O O O O 8 6 © © & «
_— 6 0 o0 Step 1- In this step, the 21 BT-enabled critical success factors
QN o~ 9o 0 Mo M9 A :
® O O 0O O © O © O © © © o are identified through a literature review, and a
- o detailed questionnaire is circulated among industry experts,
5 2335 IS TS T L a2 researchers, and academicians to obtain the responses. A
group of four experts (Table 3) has been used to identify
8 « < 2 0 0l ®m n Qe oo the interrelations and direct impact among 21 BT-enabled
O o o o o o o oo o o o o R L
CSFs. The experts used a linguistic scale to evaluate the
»n B impact of one BT-enabled CSFs over another. The used
2 < @ <+ 9 o @ un =< ® . . . . .
X ©o o 0o o O o o o o o o o linguistic scale is presented in Table 4. Based on the opin-
" ion of experts four 21 x 21 direct relation matrices are
z ) n n N 0
S N d o ;LN T 0 N Wn N ® developed.
2 00 0 o o O o o o o o
Step 2- The obtained expert matrices are converted to initial grey
8 e o o olme o o g Lr\g‘ T N relation matrices as per the scale given in Table 4.
EEICECE © © SISl © S ISl © © Step 3- By using four grey relation matrices the average grey relation
) 0 0 matrix Z is computed. This matrix is shown in Table 5.
2 S v 9N nN8 0 odR . . - )
=l S Bl c c Bl S S Step 4- The crisp relation matrix is computed using a three-step-
modified converting fuzzy values into crisp scores approach.
wn wn wn
s o 2838 9% un 8 v oo o By using equations 3, 4, and 5 the grey value normalization
£ 0 0O 0O 0O 0O 0o o o o o o o . . . .
is performed then total normalized crisp values are obtained
m o RN o o using equation 6, and in the final step, the grey values are
— N w0 G ¥ Y @ I N O 0 0O 9 . . . .
® © O O O O o O o O o o o transformed into crisp values using equations 7 and 8 as
" o 6 shown in Table 6.
O [T} n 1n n N N N 1N n . . . . . e .
O N v A 1 & N N ;LN ® 9 Step 5- Normalization of the crisp relation matrix is performed using
A O O O O O O O O o o o o
equations 9 and 10. The normalized direct crisp relation
S n R oo & matrix A is presented in Table 7.
2z ¥ Y 9 Y 90 000 o TN ) ) )
=l © © © 0o o o o o o o o Step 6- The total relation matrix of BT-enabled CSFs for SCRS Ty is
8 n 0 calculated using equation 11 and shown in Table 8.
~ wn un N ™~ wn wn N wn
- g 322252283858z Step 7- Let R and C be vectors with dimensions of 21 by 1 and 1 by
w 21, respectively, reflecting the sum of row elements and col-
-l wn z
m %5 = = _ umn elements in the total relation matrix T, as described b
< 8 Z & 2 o o O ] R Y
[ Equations 12 and 13.
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TABLE 6

Cl

SDM

EFT

SO

AT

INV

ISP

EIC

EL

SD

OA

CSFs
OA

0.7455 0.5091 0.7250 0.6273 0.5091 0.3071 0.6273 0.2727 0.6864 0.2727

0.0000

0.6214
0.6170
0.2667
0.7193
0.7259
0.5508
0.7193
0.4928
0.6167
0.0000

0.7658
0.6217
0.6750
0.2586
0.5508
0.5508
0.6022
0.7259
0.0000
0.5000

0.5091
0.5043
0.1182
0.2586
0.7533
0.3198
0.6022
0.0000
0.7182
0.5262

0.7455
0.6217
0.2667
0.4863
0.7259
0.5508
0.0000
0.7259
0.5000
0.8273

0.5091
0.8310
0.1528
0.2192
0.2033
0.0000
0.7012
0.3198
0.3833
0.8273

0.3909
0.6217
0.2457
0.1815
0.0000
0.2959
0.4289
0.7750
0.5000
0.6091

0.6273
0.7391
0.3420
0.0000
0.8200
0.4928
0.5441
0.7645
0.5565
0.5583

0.7250
0.7214
0.0000
0.5905
0.6090
0.6090
0.4863
0.5065
0.6750
0.3833

0.6273
0.0000
0.1891
0.4863
0.4074
0.8200
0.7193
0.4928
0.5000
0.9000

0.0000
0.7391
0.5000
0.4863
0.8200
0.5994
0.7193
0.8200
0.3833
0.4435

0.7455
0.3870
0.4417
0.3718
0.7259
0.4928
0.4863
0.4928
0.9000
0.6750

SD

EL

EIC
ISP

INV
AT

SO
EFT

SDM
Cl

and the Environment % E_WI ]_‘E.YJ_:I‘:‘1

Step 8- A threshold value is established by adding 1 time the stan-
dard deviation to the mean of the items in the total rela-
tion matrix Tgr to eliminate minor causes/effects among
enablers before plotting a causal relation between them.
The direct and indirect impacts that BT-enabled CSFs m
have on other BT-enabled CSFs are summarised in R,
and the direct and indirect effects that BT-enabled CSFs n
has on other BT-enabled CSFs are summarised in C,.
(Rm + Cp) and (R,-C,) is calculated from the total relation
matrix Tg and presented in Table 8. Figure 3 presents
the obtained digraph. It displays the causal relation
among BT-enabled CSFs for SCRS from the values of
(Rm+Cn) and (R,-C,). The direction from cause BT-
enabled CSFs to affect BT-enabled CSFs is represented
through lines and represents the two-way relationships

among CSFs.

4 | RESULTS & DISCUSSIONS

The relationships and direct effects of 21 BT-enabled CSFs are
explored in this work utilizing a combination of grey theory and
DEMATEL methodologies. The importance and net cause/effect
values of BT-enabled CSFs for SCRS are shown in Table 9. A
threshold value (Ty) of 0.16102 is chosen to filter out relatively
insignificant effects. The threshold value is obtained by adding
one standard deviation to the mean and calculating the mean
and standard deviation of the values from the total relation
matrix (Xia et al., 2015). In the total relation matrix Tg, all relation-
ships that reach or exceed the threshold value are highlighted
(Table 8).

Figure 3 shows the digraph showing causal relations among
BT-enabled CSFs for SCRS. When multiple related factors interact,
the decision-making environment can quickly become complicated.
Therefore, it is essential to discover the dependent relationship in
order to identify the elements in causal groups that can be
enhanced in order to enhance the components in the effect
group and, by extension, the entire system (Gupta & Barua, 2018).
The results are further reviewed in this section from the
perspectives of the cause group, the effect group, and the
correlation among BT-enabled CSFs, followed by a sensitivity

analysis.

41 | Cause group

The causal or driver BT-enabled CSFs are ranked based on their (R.,-
C,) VYm—n values as IN > EIC>ISP>SOG>0OA>SDM >BDO
(Table 9). Internal integration (IN) is found to be the crucial driving BT-
enabled CSFs, as it initiates the effects of many other BT-enabled
CSFs. BT-enabled internal integration uses combined serial numbers,

bar codes, sensors, digital tags, etc., and creates a unified and
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FIGURE 3 Digraph showing causal
relations among BT-enabled CSFs

for SCRS.
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TABLE 9 Cause and effect
parameters for BT-enabled CSFs SCRS.

BT enabled CSFs
SC

IN

SOG

S|

SRV
BDO
MPV
RMS
QDF
OA
SD
EL
EIC
ISP
INV
AT
SO
EFT
SDM
Cl

transparent platform that uses a distributed database to make other
processes more resilient and sustainable. Being on top of the causal
list of internal integrations affects the SD the most followed by IM,
EL, Cl, SO, QDF, EFT, INV, SRV, AND, and SC, respectively. It has a
significant effect on most of the CSFs and thus, proved critical to the
success of SCRS.

Internal integration is followed by efficient inter-organization
communication (EIC) and Integration of Strategic Partners (ISP). Effi-
cient inter-organization communication (EIC) facilitates more stream-

lined and automated communication between the entities while

and the Environment gj? E_WI L E.YJ_I7

P IN
EIC
ISP SO
SOG i
QA
BDO
S|
AT INV ©

2 3 9 10

cl

SDM

RMS

R C, Rn-C, Rm + C, Cause/effect
2.551965 3.270991 —0.71903 5.822957 Effect
3.852768 2.110321 1.742448 5.963089 Cause
3.354615 2.440209 0.914406 5.794824 Cause
2.943178 3.106378 —0.1632 6.049556 Effect
3.520301 4.428158 —0.90786 7.948458 Effect
2.848451 3.007125 —0.15867 5.855576 Effect
3.922768 3.752972 0.169795 7.67574 Cause
2.301375 2711791 —0.41042 5.013166 Effect
1.143968 2487533 —1.34357 3.631501 Effect
3.116329 3.845944 —0.72961 6.962274 Effect
3.998673 3.1273 0.871374 7.125973 Cause
4.176166 4.240575 —0.06441 8416741 Effect
3.647166 4.252252 —0.60509 7.899419 Effect
4.116416 2.581579 1.534838 6.697995 Cause
4.029777 3.014887 1.01489 7.044664 Cause
3.054002 3.551849 —0.49785 6.605851 Effect
2.874564 3.107235 —0.23267 5.981799 Effect
4.055433 4.221876 —0.16644 8.277309 Effect
3.115188 3.864746 —0.74956 6.979935 Effect
4.35818 3.74556 0.61262 8.10374 Cause
4.031287 4.14329 -0.112 8.174577 Effect

maintaining the highest possible level of trust thus, increasing the
resilience among other stakeholders. EIC has prominent effects on EL,
SD, IM, SO, QDF, CI, EFT, INV, AT, and SC, respectively in decreasing
order. Whereas Integration of Strategic Partners (ISP) helps smoothen
the information flow regarding ongoing processes from the beginning
to the end, giving the required supply chain entities on blockchain
access to data free from bias and error. It has prominent effects on IM
followed by EL, SD, EFT, SO, Cl, INV, QDF, SI, SC, and AT, respec-
tively. When we presented the findings to industrial managers, they

acknowledged these CSFs as a significant factor of SCRS.
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4.2 | Effectgroup

The effect CSFs can be sorted as SD, Cl, SRV, SI, SO, AT, MPV, INV,
EL, SC, QDF, EFT, IM, and RMS in decreasing order of their promi-
nence. Standardized Data Management (SD) is closer to the cause
group and thus less influenced by them. SD has followed customer
integration (Cl), which facilitates the integration of customers among
SCs by keeping track of each purchase order and providing a copy of
the information available to stockholders due to its distributed nature.
It increases transparency and traceability along with other features of
SCRS. Supplier and Raw material Verification (SRV) hold the third
position in the effect group. BT-enabled SRV process reduces the pos-
sibility of data manipulation and forgeries by logging each transaction
and flow of data after supply chain confirmation and forbidding any
kind of modification. Thus, increasing the trust among stakeholders

and enhancing product quality.

4.3 | Correlation among BT-enabled CSFs

To understand the correlation among BT-enabled CSFs the BT
+C,) Vm-n values. The
correlation order of this investigation is SD>SO >
CI>SDM >IM > EL>BDO > OA > ISP > EFT > QDF > EIC > INV > S| > AT
> IN > SRV >SC>SOG >MPV >RMS. As per this ranking, Standard-
ized Data Management (SD) has the highest correlation with the other
CSFs and is the most important BT-enabled CSF for SCRS. BT-

enabled standardized data management creates an immutable audit

can be prioritized based on (R,

log to capture the data transaction after verification in supply chains

location, quality, certifications, and other important factors. Customer
integration (Cl) is the third most correlated CSF as it keeps track of
each purchase order and makes a copy of the information accessible
to stockholders for efficient processing it also proved critical during
uncertain circumstances thus, increasing the resilience and sustainabil-
ity of the supply chain. Standardized Document Management (SDM)
holds the fourth rank in correlation among CSFs, the usage of stan-
dard tools, methods, and performance measure indicators helps to
keep the standard documents in good functioning order, which
reduces error and facilitates creating a resilient and sustainable
process.

Further analysis is performed by categorizing all the BT-enabled
CSFs into different zones, Due to their dependence on causal CSFs,
CSFs below the x-axis are referred to as effect CSFs and are also
known as dysfunctional group CSFs. CSFs above the x-axis have the
greatest prominence and are known as causal CSFs. According to
Figure 4, the entire collection of CSFs can be split into four distinct
groups, with zone 1 consisting of CSFs with the fewest connections,
or CSFs with the least significance. The revenue management system
for employees (RMS) belongs to this group of lowest significance
whereas, Manufacturing Parameter Validation (MPV) lies on the
boundary.

Zone 2 represents the causal group with weaker driving power;
however, no CSFs fall under this category. Zone 3 constitutes the
most number of causal CSFs and represents strong driving power.
The CSFs under zone 3 are most critical for the success of SCRS. The

TABLE 10 Assigned weights for sensitivity analysis.

and eliminate the possibility of data being manipulated or falsified. It Expert 1 Expert 2 Expert 3 Expert 4
also forbids modification or tampering with the data thus, increase the Case 1 04 0.2 0.2 0.2
assurance and trust among all the stakeholders and eventually making Case 2 02 04 02 0.2
the processes efficient and resilient. Thus, proved critical to the suc-
Case 3 0.2 0.2 0.4 0.2
cess of SCRS. Smart ordering (SO) is the second most correlated BT-
. L. Case 4 0.2 0.2 0.2 0.4
enabled CSF as it can help participants to manage the orders more
. = . . . . Case 5 0.3 0.2 0.3 0.2
effectively by providing them with the track of data like pricing, dates, ase
2 n EIC
'}
15 o
ZONE 2 soe ISP spM  ZONE3
¢
! © on o
" SD cl
0.5 AT BDO
Q4 SRV o ° SO
-4 = @
0 1 2 3 4 b @@ 7 A 9 10
0.5 MPV TNV e
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FIGURE 4 Zonal representation of
BT-enabled CSFs for SCRS.
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top highlights of this group are Internal Integration (IN), Efficient
inter-organization communication (EIC), and Integration of Strategic
Partners (ISP). Zone 4 represents the CSFs of high importance among
the effect group and constitutes Invoicing (validation and approval)
(INV), Efficient Logistics (Verification and Validation) (EL), Efficient
Financial Transactions (EFT), Quality data for Forecasting and Analyt-
ics (QDF), Inventory Management (IM), and Smart Contract (SC). The
CSFs of zone 4 need to be observed and implemented by manage-

ment as soon as possible for the SCRS.

44 | Sensitivity analysis

Sensitivity analysis is essentially a procedure to evaluate the reliability
and reliability of the methodology. Sensitivity analysis can be per-
formed in a number of ways; one of these ways is to alter the weight
assigned to a specific expert to observe how it affects the system as a
whole (Gupta & Barua, 2018; Xia et al., 2015). The analysis is per-
formed based on weights assigned as per Table 10.

A separate total relationship matrix is calculated for each case
and the ranking of the CSFs based on their (R,-C,,) values are given in
Table 11. The sensitivity study demonstrates that the outcomes from
the four alternative scenarios were not biased. Table 11 demonstrates
unequivocally that in each of the four circumstances IN and EIC

and the Environment @ .§;—WI ]_‘E.YJ_:L9

occupy the first two ranks, and RMS occupies the last rank in all five
cases. The analysis clearly shows that there are no biases involved
and there is a similarity in cause and effect groups thus, increasing the
robustness of the result obtained. There is some difference present,
which can be found in the table however, the final sensitivity results
are consistent with the overall digraph shown in Figure 3.

4.5 | Managerial implications

The study's findings also have important managerial implications and
observations that could help supply chains manage more effectively
and plan for the successful implementation of BT to improve SCRS.
First, the study contributes to the identification of BT-enabled CSFs
to enhance the resilience of the supply chain. Second, it provides the
prioritization of BT-enabled CSFs that will help in the systematic
adoption of BT in supply chains. In addition to that, the causal relation
and impact of these CSFs for SCRS will offer more insights to man-
agers and help in decision-making. The CSFs of the cause group will
aid in building a plan and providing a foundation for newly emerging
enterprises to implement a resilient and sustainable supply chain
equipped with the best features of BT. The causal relation will also
help the managers to plan which CSFs will be given more priority and
which ones receive the least. BT-enabled Standardized Data

TABLE 11 Cause/effect CSFs ranking.
Case 1 Case 2 Case 3 Case 4 Case 5

Rank CSFs Rn-C, CSFs Rn-C, CSFs Rn-C, CSFs Rn-C, CSFs Rn-C,

1 IN 1.4943 IN 2.0652 IN 1.6542 IN 1.6442 IN 1.932
2 EIC 1.3200 EIC 1.8735 EIC 1.5559 EIC 1.2822 EIC 1.653
3 ISP 0.9635 ISP 1.1024 ISP 1.1046 SOG 0.8160 ISP 1.013
4 OA 0.8395 SOG 1.0840 SOG 0.8939 ISP 0.7991 SOG 0.884
5 SOG 0.7885 OA 0.9621 OA 0.8594 SDM 0.7747 OA 0.8345
6 SDM 0.6501 SDM 0.3549 SDM 0.5398 OA 0.7392 SDM 0.3342
7 BDO 0.1157 BDO 0.2056 BDO 0.1076 BDO 0.2349 BDO 0.3012
8 SD 0.0371 SD 0.0124 SD 0.0274 SD 0.0387 SD 0.0212
9 AT —0.056 cl —-0.022 Cl -0.0701 AT -0.117 cl —-0.027
10 Cl —-0.170 S| —0.024 S| -0.1173 SO —0.163 AT —-0.023
11 SO -0.174 SRV —0.059 SRV —-0.1944 Cl -0.170 SO —0.069
12 S| —0.242 SO —-0.077 SO —-0.2120 S| —0.220 S —-0.077
13 SRV -0.279 MPV —0.463 MPV —-0.3130 SRV —0.260 SRV -0.432
14 INV —0.332 AT —0.481 QDF —0.4007 INV —0.366 INV —0.472
15 MPV -0419 QDF -0.617 AT —-0.4027 MPV —0.398 MPV —0.661
16 EL —0.468 EL —0.636 INV —0.6186 EFT -0.491 EL —0.589
17 EFT —0.468 INV -0.671 SC —0.6971 SC —0.561 QDF —0.633
18 sC —0.608 IM —-0.918 EL —-0.701 EL -0.567 IM —0.932
19 QDF —-0.838 sC —-0.930 M —0.8878 M —-0.759 EFT —-0.938
20 IM —0.963 EFT -1.174 EFT —0.8958 QDF —0.927 SC —1.153
21 RMS —1.186 RMS -1.611 RMS —1.2320 RMS —1.242 RMS —-1.625
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Management (SD) has the highest correlation among all CSFs and
Internal integration (IN) has the highest driving power thus; the study
suggests that these two CSFs shall be given top priority while laying
down the plan for BT implementation. Managers can use sensitivity
analysis to ensure that there is no expert bias, the results are stable,
and they can be applied to further refine the company's strategy. This
enables managers to accurately focus on the significant CSFs identi-
fied through the study and to develop frameworks and policies for
adoption. Thus, enabling the organization to achieve a
successful SCRS.

4.6 | Research implications

Currently, the attention of academics, researchers, and practitioners is
concentrated on how to boost the effectiveness of SCRS by employ-
ing BT-enabled services. Enhancing transparency, traceability, privacy,
and security among all parties in SCRS is the function of BT. In this
study, the authors have found that BT enabled CSFs for SCRS along
with their mutual impact and causal relation among each other. Imple-
menting blockchain-enabled technology is essential to building an
SCRS, as it can enhance the system's ability to detect disruptions and
respond appropriately. The research presented here identifies 21 criti-
cal success factors (CSFs) for SCRS that can be supported by BT. To
prioritize these CSFs and obtain the cause/effect relation among them
grey-DEMATEL method is employed. Among these factors, Internal
Integration (IN), Efficient inter-organization communication (EIC), and
Integration of Strategic Partners (ISP) are the most critical CSFs for
the success of SCRS. Invoicing (INV), Efficient Logistics (EL), Efficient
Financial Transactions (EFT), Quality data for Forecasting and Analyt-
ics (QDF), Inventory Management (IM), and Smart Contract (SC) are
the CSFs of high importance among effect group. The findings and
the approach of this work have major implications for academics
and researchers looking for a deeper knowledge of BT deployment in

the supply chain.

5 | CONCLUSION OF THE STUDY &
LIMITATIONS

This paper discusses how achieving supply chain resilience and sus-
tainability can be accomplished using BT-enabled technologies. Our
study model showed the relationship between 21 BT-enabled CSFs
using a Grey-DEMATEL approach and laying the groundwork for
future research in the area. Sensitivity analysis is performed to assess
the robustness of obtained results. This study showed that BT with
supply chain operations can create a transparent and verifiable system
for tracking assets, inventory, and other vital resources. This unified
platform provides real-time supply chain and internal process visibility
and accountability. Stakeholders can track and verify assets or items,
eliminating fraud and counterfeiting, making data corruption harder
for hostile attackers. The results show BT-enabled internal integration

(IN) as the most important CSF for SCRS because it sets in motion the

effects of many other BT-enabled CSFs. BT enabled internal integra-
tion to improve sustainability by streamlining operations. The trans-
parency in integration improves resource tracking, reduces waste, and
optimizes use. By tracking inventory levels and demand trends, orga-
nizations can decrease overstocking and stockouts, improving
resource allocation and reducing environmental impact. When it
comes to impact, however, Standardized Data Management (SD) and
Smart Ordering (SO) are at the top of the list.

This study, conducted while BT is still in its infancy, will inspire
researchers and industry practitioners to improve supply chain effi-
ciency and effectiveness and enhance supply chain resilience and sus-
tainability. However, there are a few limitations. The first limitation of
this research is that it's possible not all CSFs were taken into account.
Furthermore, the adoption priority of CSFs may vary for a different
set of decision-makers, and this study is wholly dependent on their
inputs. It is also possible to add new use cases and compare the out-

comes by employing various MCDM approaches.
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