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Chapter 5

I4.0 ADOPTION: SUPPLY CHAIN RESILIENCE AND 

SUSTAINABILITY

5.1 Introduction

Supply Chain Resilience & Sustainability (SCRS) refers to the characteristics such as 

adaptability to change and readiness to recover from disruptions and unexpected 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, 

governments are also implementing more regulations to make sure businesses 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 environment to 

conduct various business transactions with efficient and correct information flow to maintain 

resilience and sustainability (Sawyerr & Harrison, 2020).

Increasing complexity and the involvement of additional stakeholders make it impossible 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 scenario gives them some 

control over these ambiguous circumstances. These characteristics 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. 
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5.2 Methodology

This study has identified twenty-one blockchain technology-enabled critical success factors for 

supply chain resilience and sustainability and grey theory is used to address the limitation of 

data availability. 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 suppliers, 3. Logistics and 4. Customers. The specification of experts is given 

in Table 9.

Table 9: Specification of experts

Respondents 

Types

For screening 

criteria

Average Work 

Experience 

(Years)

To identify the 

interrelations 

Average Work 

Experience 

(Years)

Industry Expert 30 5.5 3 8

Academicians 80 6.0 1 12

Research 

Scholar

95 2.0 - -

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 members is selected and the Delphi technique is employed. The responses are collected and 

analyzed after every round and a summary is presented to experts. The process continued until 

a consensus was reached among experts. The proposed research framework to examine the 

causal relationship among BT-enabled CSFs for SCRS is shown in Figure 8.

Twenty-one BT-enabled Critical Success Factors (CSF) for SCRS are identified and presented 

in Table 10. These factors have been discussed by many researchers in a wide range of 

applications. Smart contracts concerning BT and BT-enabled integration of the supply chain to 

enhance visibility, trust, and resilience are widely considered and discussed by most researchers 

(Khanfar et al., 2021; Kim & Shin, 2019 Bayramova et al., 2021; S. S. Kamble et al., 2021; Li 

et al., 2021).
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Figure 8: Proposed research framework

Table 10: BT-enabled Critical Success Factors for SCRS.

Group Sl 
no

Critical Success 
Factors (CSF)

Description References

Supplier 1 Smart Contract (SC) 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 

(Khanfar et al., 
2021b; Kim & 
Shin, 2019b; 
Lohmer et al., 
2020; Yousefi & 
Mohamadpour 
Tosarkani, 
2022)
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transaction in a contract. 
They offer a more efficient, 
affordable, and secure 
approach to managing and 
carrying out agreements.

2 Internal 
Integration (IN)

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.

(Bayramova et 
al., 2021; S. S. 
Kamble et al., 
2021b; Li et al., 
2021b; Lohmer 
et al., 2020)

3 Structured Operating 
guidelines/parameters 
(SOG)

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

(S. S. Kamble et 
al., 2021b)

4 Supplier Integration 
(SI)

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.

(S. S. Kamble et 
al., 2021b; Li et 
al., 2021a)

Manufacturer 5 Inventory 
Management (IM)

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.

(S. S. Kamble et 
al., 2021b; 
Lohmer et al., 
2020)

6 Supplier and Raw 
material Verification 
(SRV)

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.

(S. S. Kamble et 
al., 2021b)
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7 BT-enabled Daily 
Operations (BDO)

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 streamline the 
daily routine operations of 
the firm.

(S. S. Kamble et 
al., 2021b; Min, 
2019)

8 Manufacturing 
Parameter Validation 
(MPV)

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

(S. S. Kamble et 
al., 2021b)

9 Revenue
management system 
for the employee 
(RMS)

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

(S. S. Kamble et 
al., 2021b)

10 Quality data for 
Forecasting and 
Analytics (QDF)

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.

(Kumar 
Bhardwaj et al., 
2021)

11 Organizational 
Archive for sensitive 
data/designs/plans 
(OA)

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

(Alazab et al., 
2021)

Logistics 12 Standardized Data 
Management (SD)

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.

(Kumar 
Bhardwaj et al., 
2021)
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13 Efficient Logistics 
(Verification and 
Validation) (EL)

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.

(S. S. Kamble et 
al., 2021b; Min, 
2019)

14 Efficient Intra-
Organizational 
Communication 
(EIC)

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

(S. S. Kamble et 
al., 2021b; 
Lohmer et al., 
2020)

15 Integration of 
Strategic Partners 
(ISP)

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.

(Bayramova et 
al., 2021; S. S. 
Kamble et al., 
2021b; Li et al., 
2021b; Lohmer 
et al., 2020)

16 Invoicing (validation 
and approval) (INV)

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.

(Agi & Jha, 
2022; Jiang et 
al., 2022)

17 Assets Tracking (such 
as resources and 
products) (AT)

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

(Bayramova et 
al., 2021; S. S. 
Kamble et al., 
2021b; Min, 
2019)

Customers 18 Smart Ordering (SO) BT can help participants 
manage the orders more 
effectively by helping them 
keep track of data like 
pricing, dates, location, 

(Bayramova et 
al., 2021; S. S. 
Kamble et al., 
2021b)
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quality, certifications, and 
other important factors.

19 Efficient Financial 
Transactions (EFT)

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

(Agi & Jha, 
2022; Jiang et 
al., 2022; Min, 
2019)

20 Standardized
Document 
Management (SDM)

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

(Agi & Jha, 
2022; Kumar 
Bhardwaj et al., 
2021)

21 Customer Integration 
(CI)

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.

(Agi & Jha, 
2022; S. S. 
Kamble et al., 
2021b; Li et al., 
2021b)

5.2.1 Steps of the Grey-DEMATEL approach

The procedure for the grey DEMATEL method is broken down into the following steps, which 

are detailed below:

Step 1- Development of Initial Relationship Matrix (IRM)

The initial relationship matrix is formulated based on impact ratings from the respondents. The 

responses are collected based on the linguistic scale given in Table 11 and each respondent ‘k’ 

assessed the direct impact of factor ‘m’ over factor ‘n’. Let’s say ‘i’ represents the number of 

BT-enabled CSFs and ‘j’ is the selected number of respondents for the study. Thus, a total of 

‘j’ initial relation matrices are constructed based on the impact parameters. The linguistic scale 

and associated grey values are presented in Table 11.

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).= _ , (1)
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Where 1 k j; 1 m i; 1 n i.
The IRMs are modified into grey relation matrices as per the obtained grey values, i.e. [ ], [ ],……..., (Rajesh & Ravi, 2015).

Table 11: Linguistic assessment and associated grey values.

Linguistic assessment Intensity of Impact Associated grey 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)

Step 3- Average Grey Relation Matrices

The computation of the average grey relation matrix [ ]; = 1 is performed using 

‘j’ grey relation matrices,

= , (2)

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= ( )/ (3)

Where represents the value of the normalized lower limit for the grey number 

= ( )/ (4)

Where represents the value of the normalized upper limit for the grey number 

, and = (5)

(ii) Computation of total normalized crisp value
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= ( ( × )( ) (6)

(iii) Calculation of the final crisp values= ( + × ) (7)

and, = [ ] (8)

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.= (9)

And= × (10)

Each element of matrix A ranges from 0 to 1.

Step 6- Computation of total relation matrix TR= × ( ) (11)

Where I represent the identity matrix.

Step 7- Cause and effect parameters

Let Rm be the sum of rows, Cn is the sum of columns, and tmn represents the elements in the 

total relation matrix. Thus, using equations (12) and (13), it can be calculated as:=  (12)=  (13)

Step 8- Threshold setup and graph plotting

With the help of values obtained from equations (12) and (13), a causal diagram can be plotted. 

5.2.2 Application of the proposed method 

The stepwise application of the proposed model is presented below:

Step 1- In this step, the twenty-one BT-enabled critical success factors are identified through a 

literature review, and a detailed questionnaire is circulated among industry experts, researchers, 

and academicians to obtain the responses. A group of four experts (table 3) has been used to 
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identify the interrelations and direct impact among twenty-one BT-enabled CSFs. The experts 

used a linguistic scale to evaluate the impact of one BT-enabled CSFs over another. The used 

linguistic scale is presented in Table 11. Based on the opinion of experts four 21×21 direct 

relation matrices are developed. 

Step 2- The obtained expert matrices are converted to initial grey relation matrices as per the 

scale given in Table 11.

Step 3- By using four grey relation matrices the average grey relation matrix Z is computed. 

This matrix is shown in table 12.

Table 12: Average Grey relation matrix for BT-enabled CSFs for SCRS
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Step 4- The crisp relation matrix is computed using a three-step- modified converting fuzzy 

values into crisp scores approach. By using equations 3, 4, and 5 the grey value normalization 

is performed then total normalized crisp values are obtained using equation 6, and in the final 

step, the grey values are transformed into crisp values using equations 7 and 8 as shown in 

table 13.

Table 13: Crisp relation matrix of BT-enabled CSFs for SCRS
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Step 5- Normalization of crisp relation matrix is performed using equations 9 and 10. The 

normalized direct crisp relation matrix A is presented in Table 14.

Table 14: Normalised direct crisp relation matrix of BT-enabled CSFs for SCRS
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Step 6- The total relation matrix of BT-enabled CSFs for SCRS TR is calculated using equation 

11 and shown in Table 15.

Step 7- Let R and C be vectors with dimensions of 21 by 1 and 1 by 21, respectively, reflecting 

the sum of row elements and column elements in the total relation matrix TR, as described by 

Equations 12 and 13.

Step 8- A threshold value is established by adding 1 time the standard deviation to the mean of 

the items in the total relation matrix TR 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 Rm, and the direct and indirect effects 

that BT-enabled CSFs have on other BT-enabled CSFs are summarised in Cn. (Rm+ Cn) and 

(Rm-Cn) is calculated from the total relation matrix TR and presented in Table 15. Figure 9

represents the obtained digraph. It displays the causal relation among BT-enabled CSFs for 

SCRS from the values of (Rm+ Cn) and (Rm-Cn). The direction from causes BT-enabled CSFs 

to affect BT-enabled CSFs is represented through lines and represents the two-way 

relationships among CSFs.

Table 15: Total relation matrix of BT-enabled CSFs for SCRS
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5.3 Results & Discussions

The relationships and direct effects of twenty-one 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 16. A threshold value 

(TV) 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 TR, all relationships that reach or exceed the threshold value are highlighted (Table 15). 

Table 16: Cause and effect parameters for BT-enabled CSFs SCRS

BT enabled CSFs Rm Cn Rm-Cn Rm+Cn Cause/Effect

SC 2.551965 3.270991 -0.71903 5.822957 Effect

IN 3.852768 2.110321 1.742448 5.963089 Cause

SOG 3.354615 2.440209 0.914406 5.794824 Cause

SI 2.943178 3.106378 -0.1632 6.049556 Effect

IM 3.520301 4.428158 -0.90786 7.948458 Effect

SRV 2.848451 3.007125 -0.15867 5.855576 Effect

BDO 3.922768 3.752972 0.169795 7.67574 Cause

MPV 2.301375 2.711791 -0.41042 5.013166 Effect

RMS 1.143968 2.487533 -1.34357 3.631501 Effect

QDF 3.116329 3.845944 -0.72961 6.962274 Effect

OA 3.998673 3.1273 0.871374 7.125973 Cause

SD 4.176166 4.240575 -0.06441 8.416741 Effect

EL 3.647166 4.252252 -0.60509 7.899419 Effect

EIC 4.116416 2.581579 1.534838 6.697995 Cause

ISP 4.029777 3.014887 1.01489 7.044664 Cause

INV 3.054002 3.551849 -0.49785 6.605851 Effect

AT 2.874564 3.107235 -0.23267 5.981799 Effect

SO 4.055433 4.221876 -0.16644 8.277309 Effect

EFT 3.115188 3.864746 -0.74956 6.979935 Effect
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SDM 4.35818 3.74556 0.61262 8.10374 Cause

CI 4.031287 4.14329 -0.112 8.174577 Effect

Figure 9 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.

Figure 9: Digraph showing causal relations among BT-enabled CSFs for SCRS

5.3.1 Cause group

The causal or driver BT-enabled CSFs are ranked based on their (Rm- Cn)  n values as IN 

> EIC > ISP > SOG > OA > 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 transparent platform that uses a distributed database to make 

other processes more resilient and sustainable. Being on top of the causal list internal 

integrations affects the SD the most followed by IM, EL, CI, SO, QDF, EFT, INV, SRV, AND 

SC respectively. It has a significant effect on most of the CSFs and thus, proved critical to the 

success of SCRS.
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Internal integration is followed by efficient inter-organization communication (EIC) and 

Integration of Strategic Partners (ISP). Efficient inter-organization communication (EIC)

facilitates more streamlined and automated communication between the entities while 

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, CI, INV, QDF, SI, SC, and 

AT respectively. he findings industrial managers  they 

these CSFs as a significant factor of SCRS.

5.3.2 Effect Group

The effect CSFs can be sorted as SD, CI, SRV, SI, SO, AT, MPV, INV, EL, SC, QDF, EFT, IM, 

and RMS in decreasing order of their prominence. Standardized Data Management (SD) is 

closer to the cause group and thus less influenced by them. SD has followed customer 

integration (CI), 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 possibility 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.

5.3.3 Correlation among BT-enabled CSFs

To understand the correlation among BT-enabled CSFs the BT can be prioritized based on (Rm

+ Cn)  n values. The correlation order of this investigation is SD > SO > CI > SDM > IM 

> EL > BDO > OA > ISP > EFT > QDF > EIC > INV > SI > AT > IN > SRV > SC > SOG > 

MPV > RMS. As per this ranking, Standardized 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 log to capture the data 

transaction after verification in supply chains and eliminate the possibility of data being 

manipulated or falsified. It also forbids modification or tampering with the data, thus increasing
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the assurance and trust among all the stakeholders and eventually making the processes 

efficient and resilient. Thus, proved critical to the success of SCRS. Smart ordering (SO) is the 

second most correlated BT-enabled CSF as it can help participants manage the orders more 

effectively by providing them with the track of data like pricing, dates, location, quality, 

certifications, and other important factors. Customer integration (CI) 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 sustainability of the supply chain. 

Standardized Document Management (SDM) holds the fourth rank in correlation among CSFs, 

the usage of standard 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 10, 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.

Figure 10: Zonal representation of BT-enabled CSFs for SCRS
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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 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 Analytics (QDF), Inventory Management (IM), and Smart Contract (SC). The 

CSFs of zone 4 need to be observed and implemented by management as soon as possible for 

the SCRS.

5.4 Sensitivity Analysis

Sensitivity analysis is essentially a procedure to evaluate the reliability and reliability of the 

methodology. Sensitivity analysis can be performed 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 performed based on weights assigned 

as per Table 17.

Table 17: Assigned weights for sensitivity analysis

Expert 1 Expert 2 Expert 3 Expert 4
Case 1 0.4 0.2 0.2 0.2
Case 2 0.2 0.4 0.2 0.2
Case 3 0.2 0.2 0.4 0.2
Case 4 0.2 0.2 0.2 0.4
Case 5 0.3 0.2 0.3 0.2

A separate total relationship matrix is calculated for each case and the ranking of the CSFs 

based on their (Rm-Cn) values is given in Table 16.

Table 18: Cause/effect CSFs ranking

Rank Case 1 Case 2 Case 3 Case 4 Case 5
CSFs Rm-Cn CSFs Rm-Cn CSFs Rm-Cn CSFs Rm-Cn CSFs Rm-Cn

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
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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 CI -0.022 CI -0.0701 AT -0.117 CI -0.027
10 CI -0.170 SI -0.024 SI -0.1173 SO -0.163 AT -0.023
11 SO -0.174 SRV -0.059 SRV -0.1944 CI -0.170 SO -0.069
12 SI -0.242 SO -0.077 SO -0.2120 SI -0.220 SI -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 -0.419 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 IM -0.8878 IM -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

The sensitivity study demonstrates that the outcomes from the four alternative scenarios were 

not biased. Table 18 demonstrates unequivocally that in each of the four circumstances IN and 

EIC 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.


