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Abstract. Researchers work hard to embrace technological changes and redefine the
quality management as Quality 4.0 (Q 4.0). In this context, the purpose of the current work
is twofold. First, it aims to compare the preparedness of the small and medium enterprises
(SMEs) for sustaining in Q4. Second, it intends to propose a novel hybrid spherical fuzzy
based multi-criteria group decision-making (MAGDM) framework with Einstein
aggregation (EA). A real-life case study on six SMEs is carried out with the help of three
experts. For aggregating the individual responses (using spherical fuzzy numbers or SFNS),
EA is used. Then two very recent models such as Simple Ranking Process (SRP) and
Symmetry Point of Criterion (SPC) are extended using SFN to rank the SMEs. Finally, the
validation tests and sensitivity analysis are carried out. It is noted that the application of
analytical tools, knowledge management and use of technology under the support and
mentorship of visionary leadership are the key criteria for building up the capability to
embrace Q 4.0. Interestingly, it is noted that medium scale firms are better prepared than
small-scale enterprises. This work is apparently a first of its kind that focuses on SMEs for
assessing their quality management practices in Industry 4.0 era.
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1. INTRODUCTION

Quality has been one of the critical factors for the success, survival and growth of any
organization irrespective of its scale, products/services, structure and processes. Over the
years with the industrial revolutions powered by technological advancement, the
fundamental concepts and practices of the quality management have undergone a notable
change. Presently, the world is experiencing the phenomenal impact of the fourth industrial
revolution (aka Industry 4.0) on the socio-economic, cultural and environmental well-
being. Industry 4.0 (I 4.0) is “the current trend of automation and data exchange in
manufacturing technologies, including cyber-physical systems, the Internet of things, cloud
computing and cognitive computing and creating the smart factory” that is characterized
by seamless connection and coordination among people, system and technology [1]. The
enhanced operational efficiency, creation of new business models, services, and goods, |
4.0 promises to change industrial production. In contrast to traditional forecasting, it allows
for real-time production planning and dynamic optimization. Nowadays, affordable and
intelligent sensors and wireless networks can capture the product lifecycle data [2-5].
Analysis of data does not require supercomputers anymore [6], and economical cloud and
fog computing make data easily approachable [7], for instance, cloud computing services
provided by Amazon and Alibaba [8]. lloT platforms are used for data transmission,
storage, and analysis [9].

I 4.0 has prompted Society 5.0 (Soc. 5.0) to place the human being at the center of
innovation, technological revolution, and industrial automation. Soc. 5.0, also known as
the super intelligent society, aims to leverage sophisticated technology from 1 4.0 for the
benefit of humanity, promoting connectivity between people and systems in cyberspace
with artificial intelligence-assisted results optimization. Soc.5.0 intends to utilize
technological developments for improving the quality of living of society by solving socio-
economic issues and acts as a driving force in redefining human life. In a nutshell, Soc. 5.0
is a juxtaposition of cyberspace and physical world [10] with the objective of meeting
sustainable development goals (SDG).

The bridge between 1 4.0 and Soc. 5.0 is by means of Internet of Things (1oT). Case
study [11] revealing the enhanced efficacy in the manufacturing industry by reducing the
downtime costs have been seen with the use of Industrial- 10T combined with predictive
analytics. 1 4.0 focuses on enhancing manufacturing efficiency through high-tech techniques
[12]. In certain circumstances, the implementation of 1 4.0 shows that linkages between persons,
systems, and objects can result in an efficient, full, dynamic, and real-time network [13]. Soc.
5.0 is a companion to | 4.0 and promises to transform society for the better welfare of humanity
[14]. This civilization serves as a vehicle for social growth, with the goal of having a significant
influence on society at all levels, including quality of life and sustainability [15].

Evolution of Quality 4.0 or Q 4.0 [16] alongside the dependency of traditional quality
tools unlike Pareto charts and control charts within organizations have been found to
emerge. People, Process and Technology are the three driving forces for Q 4.0. A natural
evolution from Total Quality Management (TQM) to Q 4.0, not replacing the traditional
quality methods; activities inside organizations emerged rapidly and smartly, due to the
confluence of Big Data and Atrtificial Intelligence (Al), united with traditional quality
methods. As per KPMG reports, India’s budget announcement of an INR50,000 crore fund
for the National Research Foundation (NRF) aims to boost the overall research environment in
the country, resulting in high-quality innovation. The operational ability of Q 4.0 will
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encompass a self-diagnostic and self-healing systems with faster delivery for an optimized
operating model by providing transformational results in quality [17].

The quality of any product and services is one of the most crucial factor, it gives the
company an edge on competitive advantage in the global market. The progression of | 4.0
has provided a catalytic effect to the development in the field of quality management. It is
an information driven, real-time, innovation focused, analytical and integrated ecosystem
that drives the quality management in the organizations [18-19]. In this regard, we may
define Q 4.0 as the digital technology and high-end computation enabled process
management to take agile measures for ensuring customer value by providing products and
services [20]. Q 4.0 helps to take almost real-time decisions on the product quality using
10T and AI/ML enabled systems and subsequently to discriminate the information to the
stakeholders [21-22]. In effect, Q 4.0 provides the organizations the ability to cope up
disruptions and uncertainties in a dynamic environment and support the transformation and
growth of the organizations [23-27]. However, the concept of Q 4.0 has not been explored
comprehensively yet both from conceptual and application perspectives [28-30]. The existing
literature shows some recent contributions in exploring various factors that decide the success
in embracing Q 4.0. This includes: top management commitment, leadership, ownership to
work, organizational culture and transparent communication, capability to critical analysis
and problem solving, innovative mind-set, training and development, ability to capture and
handle big data, awareness and skill set for conceiving, understanding and applying digital
technologies and analytical models for data analysis and drawing actionable insights,
organization of wide integration of activities, collaboration of the stakeholders, fund support,
etc. [27, 28, 31-39]. Future of Q 4.0 lies in imbibing the essence of quality of work life,
ensuring psychological well-being, boosting up morale and character development,
empowerment, sharing of knowledge and embracing spirituality coupled with advancement
in technology for mankind. The coming era of Society 5.0 calls for upgradation of Q 4.0 to
next level, i.e., Q 5.0 [40]. In other words, Q 5.0 shall compose Sociology, Science,
Technology, and Religion (SSRT) seamlessly for the development and progress of the
humanity and civilization. All these concepts converge to a single point, i.e., inclusive
development wherein Small and Medium-Sized Enterprises (SME) are essential part of the
movement. Therefore, the need of SMEs to embrace Q 4.0 emerges as a critical issue.

The present work focuses on the assessing the present state of the small and medium
enterprises (SMESs) to harness Q 4.0. SMEs play a significant role in gearing India's economic
growth in any manufacturing company. They act as effective support systems to large-scale
manufacturing, thereby fostering the industries' growth. Many prominent business
organizations rely on SMEs as they are the suppliers of the products, and hence SMEs play
a vital role in the value creation besides the supply chain management. This sector is
currently termed as "engine growth of India” [41]. As of date, approximately 42.50 million
registered and unregistered SMEs are operational in India. The Indian Economy experts
have said that the SME sector has a huge potential and can contribute to achieving the
target of the Nation's Manufacturing policy, which is assumed to contribute 25% of India's
GDP in 2022. In India, SMEs generate employment at a cheaper cost of capital, and it also
helps balance the imbalances amongst various regions [42]. | 4.0 or Smart Manufacturing
has many offerings regarding opportunities for the SME sector, which can help them
enhance their competitiveness. Since SMEs do not operate on a very large scale, it becomes
comparatively easy for them to implement and experiment with digital transformation
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faster than the bigger organizations. In recent times, SMEs have been witnessing significant
transformations due to new-age technologies driven mainly by Al/ML and loT. The advanced
technologies nowadays are helping SMEs to automate and generate intelligence from their
day-to-day activities. The adaptation of new-gen technology has become essential for the
growth and survival of SMEs in the new normal [43].

The analysis of the scientific literature also says that there has been a shift in production
management towards intelligent manufacturing, which is based on data analytics techniques.
SME's needs to embrace | 4.0 at a much faster pace as tech-based solutions have immense
potential to enrich and fetch greater revenues for the SME's and help in the continuity of the
business during pandemic Disruption. The effectiveness in adapting quality management
system for attaining improved performance in SMEs can be found established in 1SO
9001:2015. The laid down provision establishes the generic requirements that are applicable
to any organization, regardless of its type or size, or the products and services it provides
in a two-fold way i.e., to comply by the regulations and meet consistency and enhance
customer satisfaction [44]. Effective adaptation of the philosophy of TQM and right intent
to implement the soft (e.g., leadership and commitment of the top management, customer focus,
organization wide quality culture, training and development of the employees) and hard
practices (for instance, process analysis and continuous improvement, adopting advanced
technology, implementation of standards and specifications, information analysis) significantly
help the organizations to improve the sustainability performance [22]. Implementation of TQM
is one of the major sources of competitive advantage for the SMEs [45].

In this paper we present a case study on six SMEs. These SMEs mostly deal with
engineering products for supplying to the large organizations from the public sector like Indian
railways and private sectors like automobile and industrial products. The SMEs are located in
the eastern part of India.

We aim to investigate their capabilities or readiness in sustaining in the era of | 4.0 and Soc.
5.0. We derive a list of critical factors that decide the success or failure in | 4.0 and Soc. 5.0 for
the SMEs. A group of three experts participated in the investigation process. The experts have
substantial expertise in quality engineering, lean manufacturing, process analysis, strategy
formulation and technology management with work experiences of 18 years, 21 years and more
than 25 years respectively. The experts visited the plants of the SMEs along with a support
team, observed the process, discussed with the management and staff and collected evidences.
Based on their opinions the alternatives were compared on the attributes that manifest the
critical success factors as identified through literature review and experts’ views. For analysis
purpose, an integrated MAGDM framework using SPC (used to derive the criteria weights) and
SRP (applied for ranking the SMEs). To deal with the subjective bias associated with the
opinions of the experts, SFS is used. The original framework of SPC and SRP are extended by
using SFNSs.

This paper offers two contributions:

Managerial contributions: The present paper provides a comparison of readiness of
SMEs based on critical success factors of total quality management in 1 4.0 while heading
towards Soc. 5.0. The growth of the economy of a country largely depends on the
contributions of the SMEs. The competitiveness of the SMEs is significantly dependent on
quality. Furthermore, as the large organizations have been gearing to adapt new technologies,
it is quite imperative for the SMEs to rise on the occasion and usher in implementing Q 4.0.
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Based on the findings within our search we contend that this kind of study in Indian context
adds value due to scantiness of literature vis-a-vis our problem.

Technical contributions: The ongoing work proposes a new hybrid SFN based
decision support system using an integrated SPC-SRP model applying EA. The SRP
method is free from the effect of selection of appropriate normalization scheme, which acts
as a potential cause of improper outcome and instability of the solution. Further, SRP model
is able to consider individual criterion impact and works considerably under complexities
[46]. To complement the benefits of the SRP method, the present work uses another newly
developed model such as SPC [47] for deriving criteria weights. SPC method considers the
symmetry point (a middle point of the interval decided by the upper and lower values) for
each criterion. The method balances the effect of the criteria and is free from normalization.
Further, it considers absolute deviation and is very easy to implement.

The concept of SFS has evolved gradually as an advanced extension of Fuzzy Sets (FS)
[48], Intuitionistic Fuzzy Sets (IFS) [49], type 2 IFS [50], interval valued IFS [51],
Neutrosophic Fuzzy Sets (NFS) [52], Picture Fuzzy Sets (PFS) [53-54], Pythagorean Fuzzy
Sets (PyFS) [55], and g Rung Orthopair Fuzzy Sets (qQROFS) [56]. SFS uses three dimensional
geometrical properties with degree of positive (u), neutral () and negative memberships (9)
[57] The relative advantages of SFS [57-59] over the others are given below:

SFS considers p, 1 and 9 unlike FS, IFS, PyFS and gROFS,

= Greater flexibility in selection of membership values such that sum of square of

such values lie between 0 and 1 and that way it solves the issue with PFS,

= Enables the researchers to better work with vagueness and uncertainty for a granular

analysis,

= Three-dimensional space is comparatively lesser complex than gROFS and Fermatean

Fuzzy Sets (FFS) [60].

The existing literature shows a very limited number of applications of SPC method [61-
63] and almost no application of SRP model. Also, prior to the present work no other
studies have attempted to combine these two models that do not require any consideration
for the type of normalization. Furthermore, the present work provides a novel SFS based
extension of SRP and SPC methods using EA as an aggregate operator (AO). EA provides
flexibility to the researchers and enables a granular analysis under uncertainty. Hence, the
framework proposed in this paper extends substantial technical benefits in solving complex
real-life problems.

2. PRELIMINARIES

In this section, some of the preliminary definitions and operations related to SFS are
briefly described. For detailed descriptions of the concepts and operations and their proofs
the readers may refer to the past contributions [57-59, 64-67]. SFS has been extensively
used by the researchers in building decision-making models and their applications in
several real-life problems. Some of the recent applications are mentioned in Table 1.
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Table 1 Examples of applications of SFS

Application area References
Medical diagnosis [68-69]
3D printer selection [70]
Location selection for waste disposal [71]
Insurance policy selection [72]
Supplier selection [73]
Process analysis [74-75]
Planning for drone based city logistics services [66]
Energy management [76]
Formulation of advertisement strategy [77]
Agricultural management [78]
Personnel selection for sales profession [79]

Definition 1. A spherical fuzzy set (SFS) is defined as
§ ={(x (10,700, 9| x €U )} (1)

where U is the universe of discourse, u, 7 and 9: U— [0, 1].
The relationship is given below:

0< 2 +n*+9 <1 (2)

Definition 2. Basic Operations. Let, a Spherical Fuzzy Number (SFN) is represented
as S = {u, n, 3} and S; and S; are the two SFNs. Some of the basic operations are defined
as:

Addition:
1 1
S, ®S, = {(ﬂf + 1y — 1 15)%,9.9, (A= 15! + (A= )13 —775?75)2} ®3)
Multiplication:
1 1
S, ®S, = {Mﬂz ) (312 + ‘922 - '912'922)2 (- ‘922)7712 +(1- '912)7722 _77127722)2} 4
Multiplication by a scalar; w > 0
1 1
wS = {(1— (@-2*)")2, 9" (A-p*)" —(A— 4 —772)““)2} ®)
Power of SFN

Let w > 0 denotes the power of S wherein w is a scalar quantity. Then we have the
following definition

s" = {ﬂw, 1-@-9)")2,(@-9)" - —772)"”)2} (6)
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Compliment of S
S¢ ={%n u} O

Definition 3. Weighted Aggregation Operators (AO). Let w = {wi, W2 ...wn} be the
weights of the SFNs Si, S....Sy, n is a finite number and sum of weights = 1. Then the
basic weighted averages are defined as follows:

Spherical fuzzy weighted arithmetic average (SFWAA)

SFWAA, (S,.S,,S;,.....S,) =

n . 1 n . n " n . 1 (8)
{(1—]_[(1—;42) D28 (JT@-m) -] @ =) ')2}
i=1 i=1 i=1 i=1
Spherical fuzzy weighted geometric average (SFWGA)
SFWGA, (S,,S,.S;,.....5,) =
. m L 2\W % . 2\W, L 2 2\W, % (9)
T4 a-TTa-9"2 (a-9" -] Ja-9-n")
i=1 i=1 i=1 i=1
Definition 4. Einstein t-norm and s-norm. The t-norm and s-norm are defined as:
T, - d (10)
J1+(@-d?).a-1%)
2 2
§.(dny=—Yd ] (12)

J1+d?-12

For details about the properties of Einstein t-norm and s-norm and related spherical
fuzzy Einstein operators, one may refer to the work of [80].
Definition 5. Spherical fuzzy Einstein weighted average (SFEWA) is defined [80] as:

Jnawsw T )
k k=1

\/f[awf)""k [T
[T

SFEWA(S,,S,,S;,......8, ) = : (12)
@-n)* +][@mH™
k=1

B[00

n

n
il

@-9)" +]TO™
k=1

=1
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Definition 6. Score and Accuracy Function. The score and the accuracy functions are
defined [59, 64] as:

S=2@+u-1-9) (13)

R=pu-9 (14)
The certainty function is found as:
C=u (15)
Rules for comparison of the SFNs
If 35 >3 then S, >,

Else if 35 <3, then S, <,

If 35 =3, thenif Ry >R, then S, -G,

Otherwise, if R <R, then §, <5,

If 35 =3, and Ry =R thenif C; >Cg then S, > S,

Definition 7. Defuzzification
The defuzzified value of a SFN is obtained as:

0= (100x[(3u-1y" - G- (16)

3. PROPOSED FRAMEWORK USING SF-SPC-SRP wiTH EA

The present section illustrates the procedural steps of the proposed framework briefly.

Step 1. Identification of the criteria for comparing the SMEs included in the study. It is
seen from the past studies that there is a scantiness of work concentrating comprehensively
on exploring the critical issues pertaining to adaptation of Q 4.0 and subsequently, Soc.
5.0. Further, it is observed that apparently no prior work exists that attempted to compare
the readiness of the SMEs to embrace Q 4.0. However, from the allied studies [22, 27-28,
31-39, 44] it can be made out that for a successful transition to Q 4.0 and eventually, to
Soc. 5.0, the SMEs need to be mentored by the visionary leadership, supported with
resources in a congenial work environment, trained to use advanced technologies and
analytical tools and develop a knowledge base. In line with the crux of the past studies, the
present work decided to include the criteria listed in Table 2 for assessing the preparedness
of the SMEs.
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Table 2 Description of the criteria

S/L _ Criteria Description Effect
C1l Organizational Structure Lean and flat structure (+)
C2 Leadership Support Governance, commitment, resource support, adaptable, (+)

clarity in the vision and mission, approachable, fast
decision making

C3 Organizational Culture  Focus on process, problem solving and team work attitude, (+)
open to ideas and suggestions, innovativeness

C4  Level of Automation Use of technology in process +)
C5 Information Sharing Assimilation and dissipation of information, access to (+)
information, open communication, transparency
C6 Data Managementand Data capturing, storage, database management and +)
Use of Analytical Tools analysis of data using scientific methods
C7 Collaboration Collaboration with the suppliers and customers, +)

co-makers, collaboration and coordination with the
stakeholders

C8 Knowledge Continuous learning and use in action, training and +)
Management upskilling, manpower planning, retention, R&D
C9 Business Risk Fund and resource shortage, vulnerability to disruptions, )

absence of risk management plans, security and privacy

Step 2. Selection of the linguistic scale for rating of the criteria and compared units
(i.e., alternatives). The linguistic scales and corresponding SFNs used for finding the
comparative weights of the criteria and rating of the alternatives are given in Table 3.

Step 3. Selection of the expert panel members. In this study, a group of three experts
(E1, E2 and E3) took part in evaluating the alternatives. The experts have substantial work
experience of 15, 22 and 28 years respectively and expertise in quality management, lean
manufacturing, process management and analysis, technology implementation, manufacturing
and managing large-scale operations.

Table 3 Linguistic scale and SFNs used for rating

Linguistic Term Code 0 | 9
Very High/ Very Good VH/ VG 0.9 0.1 0.1
High/ Good H/ G 0.7 0.3 0.3
Medium M 0.5 0.5 0.5
Low/ Poor L/P 0.3 0.3 0.7
Very Low/ Very Poor VL/ VP 0.1 0.1 0.9

Step 4. Rating of the criteria and alternative units. Let i = 1, 2...m is the number of
alternatives (i.e., the number of sample units under comparison) A; being the i alternative;
Cjdenotes the j™ criterion (j = 1,2....n); k=1,2...r is the number of experts/decision maker
who took part in the rating/ evaluation. The SFN corresponding to the rating of the
performance of A; with respect to C; as opined by the k™ decision maker in linguistic term
is given by:

& =X ;. 95}
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Step 5. Aggregation of individual ratings and formulation of the decision matrix. Using
EA as the AO (see expression (12)), the aggregation is done as follows:

\/ﬁ<1+(ﬂ5)2>% STa- s

k=1 k=1

l

Jﬁ(u(uw [T

=1

AR
éij ={/uij 177ij"9ij}= SFEWA(&}I@?:&?I""@D = - = - ) 17)
JH(Z—(mf)Z)Wk S (CORE
LITe"
J]j(Z—(&?)Z)WK T

Similarly, the performance values of all the alternatives with respect to all criteria are
obtained and the decision matrix is formulated as:

511 512 é:ln

B 521 522 é:Zn

D=(&)man =| = o e e (18)
gml §m2 §mn mxn

It is to be noted that all the elements of the decision matrix are SFNs, i.e.:

& =L Sk S =0 2 S b Son =Wl s Tl Sk

Step 6. Derive the score matrix. Using the definition given by Eq. (13), the scores of
the elements of the decision matrix are obtained as

~ 1
J; = Score(&;) = 3 2+ 1 =175 = 9) (19)
Accordingly, the score matrix is given as:
S T
B T T
=(3)mn = = (20)
Sml sz an mxn
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Now the weights of the criteria are calculated using the conventional steps of the SPC
method [47].

Step 7. Calculate the symmetry points of the performance values with respect to each
criterion. The symmetry point for each criterion is the middle value of the interval and is
calculated as:

Sp = Min(3;) + Max(3;)
: 2

yi=12.m;VjeLn] (21)

Step 8. Construct the absolute distance matrix. The elements of the absolute distance
matrix are given by:

Sy Oy 5
A= (8 =| 2 07 O 22)
Ot Omp  weevees Oun e
511:|311—S|31|,512:|:§12—SP2|, '''''' '5mn _|:§mn_SPn|

Step 9. Construct the matrix of the moduli of the symmetry. The modulus of the i
alternative with respect to the j™ criterion is defined as the averaged absolute distance from
C;. The values (r;) are calculated as:

r o=—m (23)

Accordingly, the matrix R is formulated.

Step 10. Derive the modulus of the symmetry criterion. The modulus of the symmetry
criterion is obtained by averaging the elements of the corresponding column of R matrix.
Accordingly, a row vector is formulated whose elements are given by:

m m m
DA I
i=1

Q :(qu)lxn = 1 =L LRRRRS] =L ; J :llzn (24)
m m m
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Step 11. Derive the weights of the criteria. The weight of the j" criterion is obtained as:

o; =nq—'-;Z:a)j =1 (25)

29 "
j=1

Using the weights as derived at step 11, the ranking of the alternatives are done in the
subsequent steps based on SRP [46].

Step 12. Formulation of the ranking matrix. Using the score matrix (obtained at step 6)
the alternatives are ranked with respect to each criterion. The alternative with highest 3;;
value will be ranked first if the desirable effect is maximization whereas the alternative
with lowest 3; value will be ranked first if the desirable effect is minimization.
Accordingly, the ranking matrix is formulated as ® whose each element is the rank of the
i" alternative with respect to the j®" criterion, Oig.

Step 13. Formulate the weighted ranking matrix. The elements of the weighted ranking
matrix is given by:

V.. =0, (26)

i(y I(€)}

Step 14. Calculate the total ranking score for each alternative. The total ranking score
for each alternative is calculated as:

n
R&:;Wn (27)
-

Step 15. Find out the priority score of the alternatives. The priority score for each
alternative is calculated as:

P =m-RS, (28)

Decision rule:
The higher is the value of the priority score, preferred is the alternative over the others.

4, CASE STUDY

In this paper we present a case study on six SMEs (which we call as alternatives in our
study), located in the eastern part of India. We aim to investigate their capabilities or
readiness in sustaining in the era of 1 4.0 and Soc. 5.0. Our analysis is grounded on the
theoretical perspectives of Q 4.0. We derive a list of critical factors that decide the success
or failure in 1 4.0 and Soc. 5.0 for the SMEs. A group of three experts have participated in
the investigation process. The experts visited the plants along with a support team,
observed the process, discussed with the management and staff and collected evidences.
Based on their opinions the alternatives have been compared on the attributes that manifest
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the critical success factors as identified through literature review and experts’ views. For
analysis purpose, we use a new integrated SF-SPC-SRP framework in this paper. The
research framework for this paper is illustrated by Fig. 1.

Expert Panel formation
I e R
/ \
. ! Criteria Selection Field Study and Rating of )
Literature ! S o !
D5 ! SMEs l
Review : \
|
! |
: |
| Aggregation using EA :
! 1
! |
I
i — |
: SFN based Decision Matrix I
I
! l
: 1
\ Score Matrix 1’
\ /
N ’
B T B B -~
, ~
Vi e e N
i \
| ’, Criteria weight computation (SPC) R ¥ —————————— 8 1 \l
: : ‘. ,' Ranking of altematives (SRP) \\ |
i ! ' I
| : Calculate the symmetry points of the performance values ’ : l 2 1 |
Ik | : Formulation of the ranking matrix : |
| : : | ¢ oo
| t Construct the absolute distance matrix ‘ [ : : |
I | i Formulate the weighted ranking matrix | :
| | : :
| : l Construct the matrix of the moduli of the symmetry ‘ : | ¢ i
I 1
| : : l Calculate the total ranking score ! :
| I ! ;
| : 1 Derive the modulus of the symmetry criterion ' [ : ¢ : |
| ! |
: ! i ; Find out the priority score & ranking I :
1 \ /
£ % [ Obtain the criteria weights | 7 $a A
\ N - g P 4 N R R R R - i
_______________________________ /
s - A

/

| . . | .

| Validation of results . o Sensitivity Analysis Concluding Remarks
| )

\

Fig. 1 Flow chart of the research

Table 4 provides the short description of the sample units. The sample units have been
visited, diagnosed and rated with respect to the criteria as given in the Table 2 by the
experts. The rating and concerned data analysis is presented in the next section.
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Table 4 SME organizations under study

Unit Scale of  Product/Service Annual Turnover
Business (Rs. Crore)
Al Small Fabrication, Forging, and Heat treatment machine items 28
A2 Small Machine Tools and inspection instruments, and spare parts 20
A3 Medium  Welding items 200
A4 Small Battery charger, transformer, L.T. control panel 30
A5 Medium  Conveyor components, heavy structural fabrication items 15
A6  Small PVC Pipe and related products 12
5. FINDINGS

In this section, we present the brief summary of the data analysis. Table 5 provides the
rating given by the experts for evaluating the SMEs under study. The corresponding SFN
values can be obtained from the Table 3. Putting the corresponding SFNs we apply the AO
such as SFEWA (see Eq. (17)) to aggregate the opinions of the experts (in our case the
number of experts, r = 3). All experts are given equal priority (i.e., 1/3). Table 6 provides
the SFN based decision matrix, obtained by aggregating the ratings of the three experts on
the six SMEs under consideration.

Table 5 Evaluation of SMEs by the Experts

Expert Criteria  C1 C2 C3 C4 C5 C6 C7 C8 C9
Alternatives () () () () () (1) (*) () ()

Al VGVGM G G M M VG M

A2 GVGM G M P P M M

Expert 1 A3 VGVG G M G G VWV G P
A4 M G PVGV M M P VP

A5 GMVGM G M G M M

A6 PGMG P VP M M VP

Al GVGM G G G G VG P

A2 GMMMM P M G M

Expert 2 A3 M GGP P VG P M VP
A4 G MVWVG VW M VP P VW

A5 MVWVe6M G P G M M

A6 PMMG VW VW M M VP

Al VGVGGVG M G M G M

A2 VGG GM G VP P M P

Expert 3 A3 GGMP M G V M M
A4 PMPG VWV M P VP P

A5 GPGM G P M P M

A6 VWM MG P VP M M VP
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Table 6 SFN based decision matrix
Criteria Cl C2 C3
Alternatives (+) (1) ()
Al 0.85 0.145 0.145 0.900 0.100 0.100 0579 0424 0424
A2 0.791 0.209 0.209 0.751 0.250 0.250 0.579 0.424 0.424
A3 0.751 0.250 0.250 0.791 0.209 0.209 0.645 0.357 0.357
A4 0535 0.357 0479 0579 0424 0424 0.252 0.209 0.766
A5 0.645 0357 0.357 0.344 0.250 0.693 0.855 0.145 0.145
A6 0.252 0.209 0.766 0.579 0.424 0.424 0.500 0.500 0.500
Criteria C4 C5 C6
Alternatives (+) (+) )
Al 0.791 0.209 0.209 0.645 0357 0.357 0.645 0.357 0.357
A2 0.579 0424 0424 0579 0424 0424 0.252 0.209 0.766
A3 0.380 0.357 0.629 0535 0357 0479 0.791 0.209 0.209
A4 0.855 0.145 0.145 0.100 0.100 0.900 0.500 0.500 0.500
A5 0.500 0.500 0500 0.700 0.300 0.300 0.380 0.357 0.629
Ab 0.700 0.300 0.300 0.252 0.209 0.766 0.100 0.100 0.900
Criteria C7 C8 C9
Alternatives (+) (+) ()
Al 0579 0424 0424 0.855 0.145 0.145 0.445 0.424 0.562
A2 0.380 0.357 0.629 0.579 0.424 0424 0.445 0.424 0.562
A3 0.192 0.145 0.833 0579 0424 0424 0.344 0.250 0.693
A4 0.344 0.250 0.693 0.252 0.209 0.766 0.192 0.145 0.833
A5 0.645 0.357 0.357 0.445 0424 0562 0.500 0.500 0.500
Ab 0.500 0500 0.500 0.500 0500 0500 0.100 0.100 0.900

The next step is to derive the score values of all elements of the decision matrix for

constructing the score matrix (see Table 7).
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Table 7 Score matrix

Criteria cL C2 C3 c4 C5 C6 C7 C8 9

Alternatives  (+) (1) (0) (0 (0 () ()  (#) ()
Al 0855 0900 0577 0791 0643 0643 0577 0.855 0.486
A2 0791 0750 0577 0577 0577 0426 0464 0577 0.486
A3 0750 0791 0643 0464 0566 0791 0405 0.577 0.467
A4 0566 0577 0426 0855 0367 0500 0467 0426 0.405
A5 0643 0467 0855 0500 0700 0464 0.643 0.486 0.500
A6 0426 0577 0500 0700 0.426 0.367 0.500 0.500 0.367

Using the definition given by Eq. (19), the score of the element of the decision matrix
are obtained as:

3,, = Score(&,) = %(2 g~ —9) = %(2 +0.791-0.209—0.209) = 0.791

Now the weights of the criteria are calculated using the conventional steps of the SPC
method. First, the symmetry points of the performance values with respect to each criterion
are calculated. For example, the symmetry point for the 4" criterion is calculated as:

_Min(3,) J; Max(3,,) (where, i =1,2...6) = OSLZOA'M =0.660

Similarly, the other values are calculated as:

SP, = 0.640; SP, = 0.683; SP, = 0.640; SP, = 0.533;
SP, = 0.579;SP, = 0.524; SP, = 0.640; SP, = 0.433

SP,

The next step is to construct the absolute distance matrix as given in Table 8.

Table 8 Absolute distance matrix

Alternatives C1 C2 C3 C4 C5 C6 Cc7 C8 C9

Al 0.2148 0.2166 0.0631 0.1311 0.1100 0.0646 0.0532 0.2148 0.0528
A2 0.1505 0.0669 0.0631 0.0826 0.0438 0.1532 0.0595 0.0631 0.0528
A3 0.1100 0.1074 0.0031 0.1953 0.0326 0.2121 0.1194 0.0631 0.0334
A4 0.0743 0.1062 0.2148 0.1953 0.1667 0.0787 0.0572 0.2148 0.0288
A5 0.0031 0.2166 0.2148 0.1597 0.1667 0.1143 0.1194 0.1541 0.0667
A6 0.2148 0.1062 0.1403 0.0403 0.1078 0.2121 0.0239 0.1403 0.0667

8, =|3,, —SRB| =10.855-0.640| = 0.215
8,4 =| 31 — SP,| =[0.791-0.660] = 0.131
855 =|Tss — SP,| =|0.500 - 0.640| = 0.140

In the subsequent step, the matrix of the moduli of the symmetry is constructed (see
Table 9). For example:
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6 6 6 6
2.5 2.5 2.5 2.5
i=1 i=1 i=1 i=1
= f =0.149,1, =—9  =01519,r, =9 =0.3005,r, =5 =0.1369
N1 ~12 61 ~69

Table 9 Matrix of moduli of symmetry

Alternatives C1 Cc2 C3 C4 C5 C6 c7 C8 C9

Al 0.1496 0.1519 0.2019 0.1695 0.1626 0.2163 0.1250 0.1657 0.1033
A2 0.1617 0.1822 0.2019 0.2323 0.1812 0.3270 0.1553 0.2455 0.1033
A3 0.1705 0.1728 0.1811 0.2886 0.1848 0.1760 0.1783 0.2455 0.1075
Al 0.2260 0.2368 0.2738 0.1568 0.2853 0.2783 0.1545 0.3330 0.1241
AS 0.1988 0.2928 0.1363 0.2681 0.1494 0.2997 0.1121 0.2915 0.1004
A6 0.3005 0.2368 0.2331 0.1915 0.2458 0.3795 0.1442 0.2834 0.1369

Now we proceed to derive the modulus of the symmetry criterion (Q;) using Eq. (23)
and subsequently, the criteria weights (W;) are calculated using Eq. (24). The results are
summarized in Table 10.

Table 10 Moduli of the symmetry criteria and weights

C1 Cc2 C3 C4 C5 C6 Cc7 C8 C9 Sum

Q 0.2012 0.2122 0.2047 0.2178 0.2015 0.2795 0.1449 0.2608 0.1126 1.835

Wj 0.1096 0.1156 0.1115 0.1187 0.1098 0.1523 0.0790 0.1421 0.0613 1

I
0 - Z} " _ 0.1496+0.1617 +0.1705+0.2260+0.1988 +0.3005
6 6
0.2012 ~0.2012

W = =
! 0.2012+0.2112+....+0.1126  1.835

=0.2012

=0.1096

It is seen that enhanced use of analytical tools (C6), retention and management of
knowledge (C8) and automation (C4) under the guidance and support of the top
management (C2) are given top priorities by the expert team. The alternatives are now
ranked in the subsequent steps based on SRP method. Using the score matrix (see Table 9)
the alternatives are ranked with respect to each criterion. Accordingly, the ranking matrix
is formulated (see Table 11).

Table 11 Ranking matrix

Criteria___ C1 C2 C3 c4 c5 Cé c7 Cc8 c9
Alternatives  (+) () () () (*) (+) (+) () )
Al 1 1 3 2 2 2 2 1 4

A2 2 3 4 4 3 5 5 2 5

A3 3 2 2 6 4 1 6 3 3

A4 5 4 6 1 6 3 4 6 2

A5 4 6 1 5 1 4 1 5 6

A6 6 5 5 3 5 6 3 4 1
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Now the weighted ranking matrix is obtained by using the criteria weights (given in
Table 10). Table 12 provides the weighted ranking matrix.

Table 12 Weighted ranking matrix

Criteria C1 C2 C3 C4 C5 C6 C7 C8 C9
Alternatives +) ) ) +) ) +) +) +) )

Al 0.1096 0.1156 0.3346 0.2374 0.2196 0.3046 0.1579 0.1421 0.2454

A2 0.2193 0.3469 0.4462 0.4747 0.3295 0.7615 0.3948 0.2842 0.3067

A3 0.3289 0.2313 0.2231 0.7121 0.4393 0.1523 0.4737 0.4263 0.1840

Ad 0.5481 0.4626 0.6692 0.1187 0.6589 0.4569 0.3158 0.8526 0.1227

A5 0.4385 0.6938 0.1115 0.5934 0.1098 0.6092 0.0790 0.7105 0.3681

A6 0.6578 0.5782 0.5577 0.3560 0.5491 0.9138 0.2369 0.5684 0.0613

Finally, the alternatives are ranked using the steps (see steps 14 and 15) defined by Egs.
(26) and (27). Table 13 provides the ranking of the alternatives.

Table 13 Ranking of the alternatives

Alternatives RSi Pi Rank
Al 1.8668 41332 1
A2 3.5637 2.4363 3
A3 3.1710 2.8290 2
A4 4.2055 1.7945 5
Ab 3.7138 2.2862 4
Ab 4.4792 1.5208 6

It is noted that the medium sized firm Al has an edge over the others in terms of their
readiness to embrace Q 4.0. However, the result also suggests that it is not necessary that
micro firms are worst as we see A3 holds the 2nd position. The order of performance is as
follows: Al > A3> A2 > A5> A4 > AG6.

5.1. Comparison with other MCDM models

It is very important to examine the validity and stability of the results obtained by using
a composite MCDM framework like what we have done in our paper [81-82]. MCDM
results in many instances get affected significantly by external changes in given conditions
relating to criteria and alternative sets and their values, any algorithmic changes and so on
[83-87]. The existing literature shows evidences of comparison approach for validation of
MCDM results [88-92]. In this regard, we compare the result obtained by using the
framework used in the present work with other models such as EAMR [93], COPRAS [94]
and CRADIS [95] based on the score matrix. Table 14 provides the result of Spearman’s
rank correlation test among the ranking results of various MCDM models.

Table 14 Result of Spearman’s ranking test (Comparison of MCDM models)

Model COPRAS EAMR CRADIS
SRP 0.829* 0.771* 0.943*
*Correlation is sig at 0.05 level (2-tails)




A Spherical Fuzzy based Decision Making Framework with Einstein Aggregation for Comparing ... 471

Therefore, it is contended that the framework used in this work provides a comparable
and consistent result with respect to other models.

5.2. Sensitivity analysis

Itis quite imperative to investigate about the stability aspect of the result. Accordingly,
we perform the sensitivity analysis. There are several ways for carrying out sensitivity
analysis such as exchange of criteria weights, vary the weights proportionately among
others etc. [96-100]. In this work firstly the weights of the criterion C6 (having highest
value) has been decreased by 10% at each step while increasing the weights of the other
criteria have been increased proportionately. Then the weight of the criterion C9 (having
the lowest value) have been increased by 10% while decreasing the weights of the other
criteria proportionately. In this way, beside the initial case 15 experimental cases (Exp. 1
to Exp. 15) have been instituted and the alternatives have been ranked. Table 15 shows the
criteria weights under various experimental cases and Fig. 2 depicts the result of the
sensitivity analysis.

It is seen from the Fig. 2 that except for some cases (Exp. 9 to Exp. 12), A6 and A4
could hold their initial positions. The alternatives A2 and A3 have interchanged their
position only for Exp. 11. The best alternative (A1) remains at the top under all conditions
and A5 also remains at its initial position. Hence, the result of the sensitivity analysis
indicates that our framework provides a reasonable stable outcome.

Table 15 Experimental cases and criteria weights (sensitivity analysis)

Criteria weights
Cases Cl Cc2 C3 C4 C5 C6 c7 Cs8 C9  Sum
Initial  0.1096 0.1156 0.1115 0.1187 0.1098 0.1523 0.0790 0.1421 0.0613 1.00

Exp.1 0.1115 0.1175 0.1134 0.1206 0.1117 0.1371 0.0809 0.1440 0.0632 1.00
Exp.2 0.1132 0.1193 0.1152 0.1223 0.1134 0.1234 0.0826 0.1457 0.0650 1.00
Exp.3 0.1148 0.1208 0.1167 0.1238 0.1150 0.1110 0.0841 0.1473 0.0665 1.00
Exp.4 0.1162 0.1222 0.1181 0.1252 0.1164 0.0999 0.0855 0.1487 0.0679 1.00
Exp.5 0.1174 0.1234 0.1193 0.1265 0.1176 0.0899 0.0868 0.1499 0.0691 1.00
Exp.6 0.1185 0.1246 0.1205 0.1276 0.1187 0.0809 0.0879 0.1510 0.0703 1.00
Exp.7 0.1196 0.1256 0.1215 0.1286 0.1197 0.0728 0.0889 0.1520 0.0713 1.00
Exp.8 0.1205 0.1265 0.1224 0.1295 0.1207 0.0656 0.0898 0.1529 0.0722 1.00
Exp.9 0.1213 0.1273 0.1232 0.1303 0.1215 0.0590 0.0906 0.1538 0.0730 1.00

Exp.10 0.1220 0.1280 0.1239 0.1311 0.1222 0.0531 0.0914 0.1545 0.0737 1.00
Exp.11 0.1089 0.1149 0.1108 0.1179 0.1091 0.1515 0.0782 0.1413 0.0675 1.00
Exp.12 0.1080 0.1140 0.1099 0.1171 0.1082 0.1507 0.0773 0.1405 0.0742 1.00
Exp.13 0.1071 0.1131 0.1090 0.1161 0.1073 0.1498 0.0764 0.1396 0.0816 1.00
Exp.14 0.1061 0.1121 0.1080 0.1151 0.1063 0.1487 0.0754 0.1385 0.0898 1.00
Exp.15 0.1049 0.1110 0.1069 0.1140 0.1051 0.1476 0.0743 0.1374 0.0988 1.00
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Fig. 2 Result of sensitivity analysis

5.3. Rank reversal test (RRT)

Rank reversal (RR) is a phenomenon wherein the initial ranking order obtained by using
a MCDM model gets influenced significantly as a consequence of changes in the given
setup such as changes in the alternative and criteria set [101]. In this paper RRT is
performed. Given the initial order A1 > A3 > A2 > A5 > A4 > A6 at each stage one
alternative was removed and ranking of the remaining alternatives was done. Table 16
exhibits the result of the RRT. The result indicates that our SFN-SPC-SRP framework with
EA does not suffer from RR phenomenon.

Table 16 Result of RRT

Ranking positions

Cases 1 2 3 4 5 6
Initial Al A3 A2 A5 Al Ab6
Removal of A6 Al A3 A2 A5 A4

Removal of A4, A6 Al A3 A2 A5

Removal of A4, A5, A6 Al A3 A2

Removal of A2, A4, A5, A6 Al A3

Removal of all except Al Al

Therefore, overall we contend that the result obtained in the present work is
considerably reliable, stable and free from RR phenomenon.

6. DISCUSSION

The present study reveals some interesting observations. It is seen that enhanced use of
analytical tools (C6), retention and management of knowledge (C8) and automation (C4)
under the guidance and support of the top management (C2) are given top priorities by the
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expert team. It is observed that C6 and C8 are quite nearby to each other based on their
calculated weight while C4 and C2 are very close to each other. The preferential order
supports the general observations made in the past studies [102-103]. Top management
commitment and support is necessary to instill quality culture and implement the practices
in the organizations with proper strategic intent. The present study finds that understanding
and implementation of analytical tools and techniques with extensive applications of
automation in redefining the processes and creating a knowledge base are more important.
I 4.0 demands a lot of use of automation and data analytics for ensuring the effectiveness
and efficiency of the processes towards achieving excellence in quality [104-105].
However, most of the SMEs are driven by the owners’ decisions. Hence, top management
support is very important. The closeness of the weights of C6, C8, C4 and C2 suggests that
these four criteria are not distantly apart from each other. Now, looking at the final ranking
of the alternatives, it is observed that a small-scale unit (A1) is better prepared as compared
with the medium enterprises. This result is also fascinating. There is a general perception
that because of a higher turnover and stronger financial position, a medium scale business
is better prepared to invest and adopt new technologies. However, our work reminds that
if there is an intent and effective teamwork under the able guidance of the top management,
a small-scale unit can adopt technology driven quality practices.

Technically, it is seen that the framework used in this work is free from the selection of
normalization schemes. That way it provides a lot of relaxation to the analysts. Further, the
outcome is found stable and comparative with no effect of rank reversal. The use of EA as
an AO extends the benefit of forming a collective group decision making. However, the
SPC model consists of slightly more number of computational steps. SRP also dependent
on the initial score matrix. Therefore, changes in AO may have some impact on the
outcome of SRP model.

7. CONCLUSIONS

The present age is characterized by cyber-physical space as we call 1 4.0, which is
progressing toward technology-society space - Soc. 5.0. At this juncture, it is important to
focus on holistic development in industrial space. SMEs act as a backbone for any
industrial revolution and is instrumental in inclusive growth of society and nation. Keeping
pace with technological revolution, traditional quality management has evolved to a stage
known as Q 4.0. Therefore, it is essential that SMEs embrace Q 4.0. In this paper, we shed
light on this aspect. An attempt has been made to present a primary level analysis of the
readiness of the SMEs vis-a-vis implementation of Q 4.0. For this purpose, we have
presented a new SFN based integrated MCDM framework of SPC-SRP method with EA
as the AO. With a real-life field study on six SMEs in India, we have demonstrated the
comparative analysis. The criteria are selected in tune with the conceptual background and
theoretical foundation of 1 4.0 and Soc. 5.0 as found in the literature. We have used nine
criteria such as Leadership Support, Organizational Culture, Organizational Structure, Data
Management and Use of Analytical Tools, Information Sharing, Knowledge Management,
Level of Automation, Collaboration and Business Risk to compare four small and two
medium sized enterprises. We notice that the experts have given more emphasis on use of
analytical tools (C6), retention and management of knowledge (C8) and automation (C4)
under the guidance and support of the top management (C2) while evaluating the SMEs.
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Further analysis has revealed that a small size enterprise (Al) outperformed the medium
scale organizations. Our study provides a guideline to the analyst and strategic decision-
makers. To our understanding, the present paper is a unique contribution.

There are some further possibilities for future studies. For example, the framework can
be applied to a large number of SMEs located at various locations and belong to different
types of industries. Furthermore, an empirical scale development research can be done to
investigate the impact of the criteria (considered in this paper) on the firm performance.
An interesting future study may attempt to apply the same model on large-scale corporates.
There is an opportunity to apply our model to solve various other real-life problems. Our
model provides some advantages, such as flexibility and granularity in analysis, reasonably
accurate and stable solution. However, with an increasing number of criteria having at par
importance level may impose a limitation to the method used. Therefore, one may attempt
to conduct a simulation-based experiment to check the efficiency of our framework. Also,
a future study may be planned to see the effect of changing the AO.
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