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Lean Six Sigma Project Selection in a Manufacturing
Environment Using Hybrid Methodology Based on
Intuitionistic Fuzzy MADM Approach
Mahipal Singh, Rajeev Rathi , Jiju Antony , and Jose Arturo Garza-Reyes

Abstract—Project selection has a critical role in the successful
execution of the lean six sigma (LSS) program in any industry.
The poor selection of LSS projects leads to limited results and
diminishes the credibility of LSS initiatives. For this reason, in
this article, we propose a method for the assessment and effective selection of LSS projects. Intuitionistic fuzzy sets based on
the weighted average were adopted for aggregating individual
suggestions of decision makers. The weights of selection criteria
were computed using entropy measures and the available projects
are prioritized using the multiattribute decision making approach,
i.e., modified TOPSIS and VIKOR. The proposed methodology is
validated through a case example of the LSS project selection in a
manufacturing organization. The results of the case study reveal
that out of eight LSS projects, the assembly section (A8) is the
best LSS project. A8 is the ideal LSS project for swift gains and
manufacturing sustainability. The robustness and reliability of the
obtained results are checked through a sensitivity analysis. The
proposed methodology will help manufacturing organizations in
the selection of the best opportunities among complex situations,
results in sustainable development. The engineering managers and
LSS consultants can also adopt the proposed methodology for LSS
project selections.
Index Terms—Entropy method, intuitionistic fuzzy (IF), lean six
sigma (LSS), modified technique for order preference by similarity
to ideal solution (TOPSIS), project selection, Vlsekriterijumska
optimisacija i kompromisno resenje (VIKOR).

I. INTRODUCTION
EAN six sigma (LSS) has evolved as one of the most eminent continuous improvement strategies in the manufacturing and service sectors across the globe over the past decade [1],
[2]. LSS is an integrated amalgam of two powerful approaches,
i.e., lean and six sigma. Lean manufacturing enables to minimize
the waste by eliminating the nonvalue-added activities, but as an
individual approach, it does not tackle the problem statistically
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[3], [4]. On the other hand, six sigma reduces process variation
and offers quality products and services [5]. Nevertheless, six
sigma is unable to eliminate nonvalue-added activities [6]. The
amalgamation of both lean and six sigma simultaneously reduces
nonvalue adding activities and process variation, ensuring efficient systems that are also able to provide high-quality products
and/or services [7].
As LSS is a project-driven approach, it is essential to assess
and select projects, which are suitable for continuous improvement [8], [9]. Thus, the assessment of LSS projects according
to their criticality is a crucial task in a real-time setting [10].
LSS projects differ in terms of aims, ambiguity, complexity, and
extent but each one has risks associated with them [11]. Project
selection is an important theme in the academic literature, almost
40% of LSS projects failed due to their improper selection [12].
The academic literature shows that the LSS project selection has
been reported unsuccessful in organizations, which fail targets
and LSS implementation [11]. Some organizations are not even
aware of the project assessment and selection techniques that can
support them with the successful implementation of LSS [13].
The importance of the right project selection cannot be neglected
for the healthy execution of the LSS strategy in any organization
[14]. Whenever numerous LSS projects are conflicting for implementation, the industry needs to pay attention to identifying
such projects that capable to provide the maximum profit to the
industry. The selection of an optimal LSS project is based on the
various parameters (qualitative and quantitative both). For the
selection of the most favorable project, decision makers (DMs)
should need to provide their views related to the assessment on
the basis of parameters. It is much difficult to bind all DMs’
views in a single statement during the brainstorming session.
In this situation, the multi-attribute decision making (MADM)
approaches are the most efficient techniques to figure out the
unique solution [15], [16].
The MADM can select the best alternatives from the existing resources based on DMs’ views [17]. It includes various
types of techniques, such as data envelopment analysis (DEA),
analytic hierarchy process (AHP), analytic network process
(ANP), technique for order preference by similarity to ideal
solution (TOPSIS), VlseKriterijumska optimisacija i kompromisno resenje (VIKOR), decision making trial and evaluation
laboratory (DEMATEL), and many more. Among these, VIKOR
and TOPSIS are the emerging approaches for decision making
in case of intricate situations [18]. The literature reported the
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various applications of TOPSIS and VIKOR approaches in the
industrial sectors, such as supplier selection in the supply chain
[19], project selection in a thermal power plant [20], new product
development [21], portfolio selection [22], and many more [23].
In the current study, the proposed methodology is based on a
modified TOPSIS and VIKOR approach under the intuitionistic
fuzzy (IF) environment with the entropy method. The modified TOPSIS is the advanced version of TOPSIS, in which
the weighted Euclidean distance is considered based upon the
importance of criteria directly [24]. The results in the decisionmaking problems may also vary due to the DMs interruption.
In this situation, the simple fuzzy sets are replaced by IF sets,
which provide prominent results [25]. The weightage of criteria
is estimated by adopting the entropy method, which provides
more persistent results as compared with ANP or AHP [26].
The main aim of this article is to exploit the competence of
VIKOR and modified TOPSIS approach to select the optimal
LSS project under the IF environment using entropy criteria
weights. The present study exhibits the selection of optimal LSS
projects for improvement in the manufacturing industry in India.
It comprises the assortment of improvement projects from the
available eight alternatives at the selected site. The consistency
and reliability of the obtained outcomes of this article are also
checked through a sensitivity analysis.
The research objectives of the present study as set by the
authors are as follows.
1) To explore the mutual characteristics of MADM approaches through literature review for integrating them.
2) To propose a methodology based on IF-MADM approaches for the selection of an optimal LSS project in
a manufacturing environment.
3) To validate the efficacy of the proposed methodology
through a case study in an Indian manufacturing industry.
4) To check the consistency and reliability of the obtained
results through the sensitivity analysis.
The rest of this article is organized as follows. Section II
represents the literature reviews regarding the project selection
of six sigma and LSS with research gaps. Section III demonstrates the discussion about IF, entropy method, VIKOR, and
modified TOPSIS. Section IV describes the development of the
proposed methodology for the LSS project selection. Section V
demonstrates the application of the proposed methodology in the
manufacturing industry with the help of a case study. Section VI
represents the results and discussion with managerial implications. Section VII exhibits the sensitivity analysis for validating
the obtained results. Section VIII concludes this article.
II. LITERATURE REVIEW
The present study adopted a systematic literature review
approach to extract the research gaps from the literature review. To overcome the challenges faced by the organizations
during the project selection of six sigma and LSS, a few
MADM-based approaches have been suggested. The authors
in the present study recognized 20 research papers related to
the project selection through the detailed literature search and
analyzed them thoroughly, as given in Table I. The research

papers on frameworks were downloaded by using search strings
connected with the aim of the present study. The inclusion or
exclusion of search strings is based on the context-interventionmechanism-outcome approach [3]. Therefore, the search strings
included six sigma, LSS, project selection, MADM, and fuzzy
logic. The selected search strings, which act as the input into
the well-established electronic databases, such as Scopus, web
of science, google scholar, and EBSCO, were considered for
searching the related articles. The present literature review only
considered the peer-reviewed journal articles and a sample of 24
articles is identified. Out of them, 21 articles are considered in the
present study because these articles were rigorously discussing
the project selection issues of six sigma and LSS.
The literature review revealed the common issues from the
selected research articles. The common requirements for the
right project selection are the strong top management involvement, mature organization, and a good understanding of MADM
approaches [27]. Kumar et al. [28] proposed a model based
on the DEA method for the appropriate selection of the six
sigma project. The prime aim of the project selection was to improve internal and external customer satisfaction. Büyüközkan
and Öztürkcan [29] developed an integrated method for the
six sigma project selection based on four dimensions and 14
criteria. The developed method was based on an amalgamation
of DEMATEL and ANP approaches. The ANP method was used
for estimating the weight of criteria, whereas DEMATEL was
used for exhibiting inter-relation among criteria and prioritize
the alternatives [29]. Wang et al. [30] proposed a framework
for the six sigma project selection in the process industries.
The proposed framework was based on the integration of ANPVIKOR-DEMATEL approaches [30]. Vinodh and Swarnakar
[31] developed a hybrid multicriteria decision-making approach
based on fuzzy DEMATEL-ANP-TOPSIS for the LSS project
selection. The ANP was used to estimate the weight of criteria
and fuzzy DEMATEL adopted for finding the inter-relation
among criteria. The possible alternatives to the LSS project
were prioritized by using the TOPSIS method [31]. Rathi et al.
[33] proposed a model based on the fuzzy VIKOR approach for
the six sigma project selection in the automotive industry. They
have used the modified digital logic method for computing the
criteria weight. Ma et al. [22] established a fuzzy logic model
based on the TOPSIS approach to incorporate sustainability
under uncertainty. The developed model was implemented in a
large paper manufacturing company for the selection of a project
portfolio.
Based on the investigation of previous studies, the following
research gaps are identified.
1) Table I reveals that only 2/20 of the existing studies were
proposed as the model for the LSS project selection. To encourage the organizations for adopting the LSS approach,
it is essential to recommend a comprehensive framework
for project selection.
2) From Table I, it is observed that the amalgamation of
MADM approaches was adopted by only 3 existing studies
out of 20 studies. To get reliable and consistent outcomes,
it requires the integration of two or more than two approaches [31].
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TABLE I
CONTINUED

3) The majority of MADM models have been proposed for
specific industries instead of being a generic nature (from
Table I). Moreover, most models never had a practical
roadmap, which aids practitioners with the implementation in a more organized and disciplined manner.
4) Table I reveals that the existing studies were not able to
explore the extensive steps through the case study. To
encourage the organizations for adopting these methodologies, it is essential to test them in real-world settings.
It is observed from the literature review that significant limitations exist in the previous studies. To overcome the identified
limitations and achieve success in the LSS implementation, an
inclusive and simplified framework based on advanced MADM
approaches is required. This encouraged the authors to conduct
the present research work.
III. METHODS ADOPTED
A. IF Sets
In the recent decade, most of the studies are directing on the
analysis of group DMs rather than the single DM in MADM
problems for getting reliable results [49]. Besides, the MADM
method contains subjective judgments of DMs and qualitative
ratings with the weight of criteria. This creates vague, uncertain,
and indeterminate values that make the decision-making process
intricate in real-life applications. To cope with such issues,
decision-making methods have been used in a fuzzy environment [50]. Under a fuzzy scenario, the single-function problems
can be handled by a simple fuzzy set theory. But it fails to reduce
vagueness in the higher order fuzzy sets due to the lack of data
availability and difficulty in the assessment of membership and
nonmembership function [48]. This drawback of simple fuzzy
sets is overcome by using the IF of triplet ordered [52]. The
IF sets have been adopted in many engineering applications to
solve the complex problem, such as the selection of renewable
energy resource alternatives [53], freight village location selection [54], sustainable supplier selection [25], multiattributes
problem solving [55], and so on.

B. Entropy Method
Entropy is a measure of ambiguity in the data drawn up by
the theory of probability. It was originally derived from Rudolph
Clausius’s thermodynamics and was used as an irreversible process phenomenon [56]. Claude E. Shannon [74] first introduced
the concept of entropy and now it has been used extensively in
the economy, engineering, finance, and many more applications
[26]. The entropy is a system that can measure disorder and
useful information from the provided data. In entropy theory,
the weight determination is based on the divergence and entropy
value of evaluating criteria. If the divergence value is high and
the entropy value is low, then the entropy weight would be high
and vice-versa [57]. Entropy weight is a parameter that describes
how much the alternatives are distanced from each other [58]. In
the entropy method, no pairwise comparison matrix is required
as compared with AHP and ANP [59]. Therefore, this method is
popular and widely used in various engineering applications, i.e.,
industrial robot selection [60], sample reduction for support vector data description [61], integrated approach for failure mode
and effect analysis [58], evaluation of urban taxi-carpooling
matching schemes [62], assessing the operations of production
logistics [26], etc.
C. Modified TOPSIS
The MADM approach aims to find the most desirable alternative from available alternatives. Modified TOPSIS is a
well-known approach invented by Deng et al. [63] for resolving
complex decision-making problems. It is the advanced version
of the TOPSIS approach. In this method, the normalized decision matrix is weighted by multiplying each column of the
matrix by its relative importance of a criterion. Furthermore, the
alternatives are ranked based on the Euclidean distance from the
positive and negative ideal points. But the distance is based on the
relative importance of each criterion and should be encompassed
in the measurement. Thus, in modified TOPSIS the weighted
Euclidean distances are estimated instead of making a weighted
decision matrix. The positive and negative ideal points deal with
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the crisp matrix and do not correlate with the weighted decision
matrix [64]. The modified TOPSIS approach has been adopted
to resolve complex problems in the real-life applications, such as
composite material selection [65], method selection for online
surveillance [24], hotel selection [66], and so on.
D. VIKOR Method
In 1998, Opricovic [67] has developed the VIKOR method
for the multicriteria optimization of intricate structures. The
VIKOR approach focused on the aggregating function to exhibit
closeness to the ideal point while using middle supplementary
ordering [68]. The ranking index is based on the summation
of all criteria and their relative significance. Therefore, it can
offer an accurate ranking and the highest-ranked alternative is
the closest to the ideal solution [69]. This method provides
robust prioritization because it vigorously imitates the views
of numerous collections and reflects the ambiguity in the input
data [70]. The VIKOR approach has been adopted widely to
resolve complexity in numerous real-life application, such as
optimizing discrete V obstacle in solar airflow channel [71],
cotton fiber selection and evaluation [70], material selection for
the automotive piston [56], characterization of nonroad modified
diesel engine [69], and many more.
IV. PROPOSED METHODOLOGY
This section presents the main steps involved in the development of the proposed methodology for the LSS project
selection in a manufacturing environment. For the construction
of the proposed methodology, the modified TOPSIS and VIKOR
approach under the entropy method of IF sets are used, as shown
in Fig. 1. Initially, the data are collected under the IF environment
in terms of linguistic variables followed by the modified TOPSIS
and VIKOR method with the entropy method to obtain ideal
alternatives. The detailed steps of the proposed methodology
are described as follows.
IF sets steps:
Let A = {A1 , A2 , A3 , . . . , Am } be a set of alternatives and
P = {P1 , P2 , P3 , . . . , Pn } be a set of criteria, the steps of IF
are as follows [70].
IF set A in a finite set X, then it can be written as in (1)
Ā = {(x, uA (x) , vA (x)) I x ∈ X}

(1)

uA (x) : X → [0 1]

(2)

vA (x) : X → [0 1] .

(3)

The membership function and nonmembership function are
shown in (2) and (3), respectively. The limit of summation of
both functions (membership and non-membership) lies between
0 to 1 as shown
0 ≤ uA (x) + vA (x) ≤ 1.

(4)

The third parameter of IF is πA (x), known as the IF degree
of whether x belongs to A or not. This can be written as
πA (x) = 1 − (uA (x) + vA (x)).

(5)

Fig. 1.

Proposed methodology for the LSS project selection.

It is seen that for every x ∈ X and IF degree also belongs to
0 to 1 as shown
0 ≤ πA (x) ≤ 1.

(6)

If πA (x) is small, knowledge about x is more confident and another side, if πA (x) is large, knowledge about x is more insecure.
The relation between the membership and non-membership
function is to be set as uA (x) = 1 − vA (x) for all elements
of the selected problem [70].
The literature reveals that numerous fuzzy numbers, such as
triangular IF numbers (TIFNs), trapezoidal IF numbers (IFNs),
interval-valued fuzzy numbers, are adopted based on the situation [43]. In the present study, TIFNs are used due to their ease
to use, intuitive, promoting representation, and computationally
simple. The description of TIFNs is provided in the following
definition.
Definition 1: TIFNs can be defined by the boundaries (a, b,
c), where a = lower limit, c = upper limit, and b = middle limit
with condition a ≤ b ≤ c. IF membership function (uA (x)) is
defined by
⎫
⎧
0; x ≤ a
⎪
⎪


⎪
⎬
⎨ x−a − π; a < x ≤ b ⎪
b−a
.
(7)
uA (x) =  c−x 
− π; b ≤ x < c ⎪
⎪
⎪
⎪
⎭
⎩ c−b
0; x ≥ c
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The corresponding IF nonmembership function (vA (x)) is
defined by
⎫
⎧
1 −π; x ≤ a
⎪
⎪

⎪
⎬
⎨ 1 − x−a ; a < x ≤ b ⎪

b−a
.
(8)
vA (x) =
c−x
1 − c−b ; b ≤ x < c ⎪
⎪
⎪
⎪
⎭
⎩
1 − π; x ≥ c
Step 1: Define appropriate linguistic variables, membership
function, and equivalent IFNs.
A set of appropriate linguistic variables and their corresponding fuzzy numbers are compared with all alternatives and
parameters. These selections are done with the help of DMs
and responsible for intercomparison of alternatives with each
parameter.
Step 2: Calculate the weights of DMs.
Assume l is the total number of DMs and their importance
is considered by the linguistic variables decided in IFN. Let
Dk = [uk , vk , πk ] be IFN for the rating of the kth DM and the
weight λk can be calculated by
(λk ) =

u k + πk
l
k=1

uk
uk +vk

u k + πk

l


;

uk
uk +vk

λk = 1.

(9)

k−1
(k)

1 − uij

k−1

λk

,−

l


(k)

vij

λk


(10)

k−1

where rij = (uAi (xj ), vAi (xj ), πAi (xj ))
m; j = 1, 2, 3 . . . , n).

(i = 1, 2, 3, . . . ,

Step 4: Defuzzification.
Defuzzification is a method of converting the fuzzy output
into a crisp value (quantified number) in the fuzzy logic by a
real-valued function. It is executed to get a crisp value of each
parameter corresponding to each alternative. In this procedure,
the input and output are represented by a cumulative set and
solitary number, respectively. This offers the qualitative values
⎡
⎢
R=⎢
⎣

Step 5: Normalize decision matrix.
xij
rij =
, i = 1, 2, 3 . . . , m; j = 1, 2, 3 . . . , n.
m
i=1 xij
(13)
Step 6: Compute entropy measure using the following equations:
ej = −h

m


rij ln rij , j = 1, 2, 3 . . . , n

(14)

i=1

k
Assume Rk = (rij
)mxn is the IF decision matrix of each DM
l
and k=1 λk = 1, λk ∈ [01]. In the group decision-making
process, each decision needs to be bonded into group opinions
for constructing an aggregated IF decision matrix using (10) and
(11) shown at the bottom of the next page, [71]

l
l


λ
λ
(k) k
(k) k
,
,
1 − uij
vij
rij = 1 −
l


where c1 and c2 are the arbitrary constants and y = uA (x) +
vA (x).
Entropy method steps:

k=1

Step 3: Construct the aggregated IF decision matrix based on
the opinions of DMs.

k−1

of linguistics variables and fuzzy numbers based on DMs input
and gets crisp values using [72]
⎧
≤a
if y = 0
⎪
⎪
⎪
⎪
⎪
a + (b − a) (y+ ∈)
⎪
⎪
⎪

⎪
⎪
⎪
μ ∗ (c1 − £) if 0 < y ≤ x−a
⎨
b−a − ∈
∗
R (y) = b ≤ x ≤ c if y = 1− ∈
⎪
⎪
⎪
(c − d) (y+ ∈) + d
⎪
⎪
⎪

⎪
⎪
⎪
μ ∗ (c2 − £) if 1− ∈< y < d−x
⎪
d−c − ∈
⎪
⎩
≥ d if y = 0
(12)

h=

1
, m = no.of alternatives.
ln (m)

(15)

Step 7: Calculate the divergence using
d j = 1 − ej .

(16)

Step 8: Estimate the entropy weight of criteria
wj =

dj
n
j=1

dj

.

(17)

Modified TOPSIS steps:
Step 5: Calculate the normalized decision matrix using
rij
; ∀j.
Aij = 
m
2
(r
)
ij
i=1

(18)

Step 6: Estimate the positive ideal and negative ideal solution
−
The positive ideal solution A+
j and negative ideal solution Aj
are computed with the help of (19) and (20), respectively

A+
j = {(max Aij , j ∈ J1 ) , (min Aij , j ∈ J2 ) ,
i = 1, 2, 3 . . . , m}, ∀j

(19)

A−
j = {(min Aij , j ∈ J1 ) , (max Aij , j ∈ J2 ) ,
i = 1, 2, 3 . . . , m}, ∀j

uA1 (x1 ) , vA1 (x1 ) , πA1 (x1 ) uA1 (x2 ) , vA1 (x2 ) , πA1 (x2 ) . . . uA1 (xn ) , vA1 (xn ) , πA1 (xn )
uA2 (x1 ) , vA2 (x1 ) , πA2 (x1 ) uA2 (x2 ) , vA2 (x2 ) , πA2 (x2 ) . . . uA2 (xn ) , vA2 (xn ) , πA2 (xn )

(20)
⎤
⎥
⎥
⎦

uAm (x1 ) , vAm (x1 ) , πAm (x1 ) uAm (x2 ) , vAm (x2 ) , πAm (x2 ) . . . uAm (xn ) , vAm (xn ) , πAm (xn )
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where J1 and J2 represents the higher best and lower best
criteria, respectively.
Step 7: Calculate the positive Euclidean distance and negative
Euclidean distance.
The positive Euclidean distance Di+ and negative Euclidean
−
distance Di− from A+
j and Aj , respectively, are calculated using
(21) and (22)
⎤0.5
⎡
n



2
⎦
Di+ = ⎣
Aij − A+
(21)
j
j=1

⎡
Di− = ⎣

⎤0.5

2
⎦ .
Aij − A−
j

n



(22)

j=1

Step 8: Estimate collective index Ci
Ci =

Di−
.
Di+ + Di−

(23)

Fig. 2.

Hierarchy of selected LSS experts.

Fig. 3.

CTQ for the LSS project selection.

Step 9: Rank the preference order
According to preference Ci values, the LSS project alternatives are ranked. The projects with the highest value of Ci got first
rank and supposed the most significant project for continuous
improvement.
VIKOR method steps:
Step 5: Identify beneficial and nonbeneficial criteria
Beneficial criteria: whose larger value is desired.
Nonbeneficial criteria: whose smaller value is desired.
Step 6: Find the best and worst value of each criterion



max (Xij ) for beneficial
Best Xi+ =
min (Xij ) for nonbeneficial



min (Xij ) for beneficial
.
Worst Xi− =
max (Xij ) for nonbeneficial

(24)
(25)

Step 7: Calculate utility measure Si and regret measure Ri

m 

Xi+ − Xij
Si =
Wj ∗
(26)
Xi+ − Xi−
j=1


Xi+ − Xij
.
(27)
Ri = maxj Wj ∗
Xi+ − Xi−
Step 8: Estimate VIKOR index Qi
Qi = v ∗

Si − S ∗
Ri − R ∗
+
(1
−
v)
∗
S− − S∗
R− − R∗

(28)

S − = maxi Si

(29)

S ∗ = mini Si

(30)

−

R = maxi Ri

(31)

R∗ = mini Ri .

(32)

The LSS project alternative with the least value of VIKOR
index is preferred.

V. APPLICATION OF PROPOSED METHODOLOGY:
A CASE STUDY
The efficacy of the proposed methodology is validated
through a case study conducted in an Indian manufacturing
industry. The selected case industry is a leading manufacturer
of medical and surgical equipment in India. The management
of the case company is willing to adopt quality and productivity
improvement techniques within their plant. Therefore, the authors with the project team started to implement the LSS strategy
in the case company. During the first phase of the LSS implementation, there is a need to select an optimal LSS project and
for this, the proposed methodology is adopted. The LSS project
assessment is based on important criteria, which help the DMs
to distinguish the available projects. Such essential criteria are
extracted through a brainstorming session held among experts,
as shown in Fig. 2. In this brainstorming session, a total of
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TABLE II
SUBJECTIVE CRITERIA FOR LSS PROJECT SELECTION

TABLE III
LINGUISTIC VARIABLE AND EQUIVALENT IFN FOR RATING CRITERIA AND DMS

∗

Intuitionistic fuzzy numbers.

ten experts (five from a case industry background and five from
academia background) are selected based on their experience
and knowledge about the LSS program. As per the brainstorming
session, the critical to quality (CTQ) diagram is constructed to
extract the important selection criteria. During the construction
of the CTQ diagram (see Fig. 2), three major steps come into
play as follows: first, identify critical needs with the help of the
voice of customer and company requirement; second, identify
quality drivers using brainstorming session among experts, survey, interviews, and recorded calls; third, identify performance
requirement to meet company’s goal and customer’s expectation.
The outcome of the CTQ diagram is given in Table II.
For the project assessment, a brainstorming session with DMs,
i.e., production managers, section head, machine operators,
and economic specialists, is conducted. The responses of DMs
about the selected criteria and alternatives may vary due to
different knowledge and experience levels. For maintaining the
uniformity in the DM’s opinion, the rating is provided using the
linguistic variables of IF sets (see Table III), and the weight of
DMs are computed using (9) (see Table IV).
The selected DMs provide the rating to the selection criteria in
the form of linguistic variables, as given in Table V. This rating
is converted into an aggregate IF decision matrix using (10)
and further entropy value, divergence, and weight of criteria are
computed using (13)–(17). The final ranking of criteria is given
in Table VI. The result shows that the parameter P5 (wastage) is

having the most dominating nature in project selection and P2
(human factor) possesses the least role in project selection.
The assessments of available projects depend upon the selected criteria, as shown in Fig. 4. Level 1 set out the goal of LSS
project assessment among available projects for improvement in
level 2. Level 3 indicates the complete interdependence of the
project selection options with critical selection criteria. Moreover, this is an enigmatic and time-consuming task, so it requires
sound technical knowledge as well as economical aspects.
To select the appropriate alternatives, the linguistic variables
of the IF set are exercised and further transformed into the
relevant IF numbers. Table VII lists the linguistic variables to be
converted into IFNs for rating the alternatives.
It is a well-known fact that the pairwise comparison matrix
may differ from problem to problem [59]. Hence, DMs play a
very crucial role in the formation of a decision matrix. In the
present case, the linguistic responses of all selected DMs for
LSS project alternatives against the selected criteria have been
presented in the Appendix. The combined decision matrix of
LSS project alternatives provided by DMs is framed, as given
in Table VIII. Furthermore, the linguistic rating converted into
a crisp matrix using (12), and the results are given in Table IX.
The crisp matrix is further used for computing the positive
and negative Euclidean distances using (18)–(22) (see Table X).
Based upon these distances, Ci values of alternatives are estimated using (22). Besides in the VIKOR method, the beneficial
and nonbeneficial criteria have been selected and found P1, P3,
P4, and P5 are beneficial criteria and the rest are nonbeneficial.
It seems that the critical project may be having high wastage,
rejections, downtime cost, and environmental aspects, whereas
safety, human factors, and reliability seem to be lower. Using
(24)–(27), the unity and regret measures are computed, as given
in Table XI. Furthermore, the VIKOR index is estimated by
using the unity and regret measures with the help of (28)–(32).
Table XII exhibits a corresponding rank of alternatives based
on modified TOPSIS and VIKOR index. The ranking of alternatives attained by modified TOPSIS and VIKOR based on the
entropy measures is the same. The selected DMs and experts
from the case industry are also having a good agreement with
these results under normal working conditions.
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TABLE IV
WEIGHT OF DECISION MAKERS

TABLE V
LINGUISTIC DECISION MATRIX OF SELECTION CRITERIA

TABLE VI
CALCULATED ENTROPY, DIVERGENCE, AND WEIGHTS OF CRITERIA USING ENTROPY MEASURE

TABLE VII
LINGUISTIC VARIABLES FOR THE ALTERNATIVES (BORAN ET AL. [75])

Fig. 4.

Hierarchical structure for the LSS project assessment.

VI. DISCUSSION ON FINDINGS
The right project selection during LSS implementation is
a very tedious task and academic literature reveals that almost
40% of LSS projects fail due to improper selection [12]. In LSS

initiatives, project selection is a quite complex activity and requires a high level of decision-making approach. In the literature,
very limited studies are available, which focuses on the selection
of LSS projects by using TOPSIS, DEMATEL, AHP [31]. To
overcome the limitations of existing MADM approaches, a
hybrid methodology is proposed for the optimal LSS project
selection. As per the first research objective set by the authors,
the modified TOPSIS and VIKOR approach are screened as a
popular approach adopted in various complex decision-making
engineering applications as reported in the literature. As per the
second research objective, both screened approaches are merged
for constructing the proposed methodology. The procedural
steps of both approaches are based on the selection criteria
weight that was estimated through the entropy method. In the
proposed methodology, the expert’s opinion is having a leading
role and the subjective information is collected in the form of IF
sets. The proposed methodology combines the subjective rating
acquired through qualitative analysis and objective rating gained
from the quantitative date to select optimal LSS projects. In
lieu of the third research objective, the practical efficacy of the
proposed methodology is tested through a case study conducted
in an Indian manufacturing industry. The selected case industry
is further looking to enhance their productivity level through the
implementation of the LSS approach in their unit. Therefore, the
authors implemented the proposed methodology to assess that
particular section of the case industry, which is mainly responsible for wastes and defects. Such a section is capable to provide
maximum benefits to the industry with a slight improvement
through the LSS implementation.
Initially, the selection criteria that influenced the LSS project
selection are screened through expert opinions. The selected
criteria are ranked by using the entropy method, as given in
Table VI. The criteria’s ranking shows that the criteria P5
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TABLE VIII
RATING OF THE LSS PROJECT ALTERNATIVES

TABLE IX
IF SETS CRISP MATRIX

TABLE X
POSITIVE AND NEGATIVE EUCLIDEAN DISTANCE

(wastage) having the most dominating nature in project selection and P2 (human factor) possesses the least role in project
selection. Furthermore, the modified TOPSIS and VIKOR approaches are employed for selecting the optimal LSS projects in
the selected case company. The result shows that the assembly
section (A8) got the first rank, and hence, found the most
suitable project to start the LSS strategy (see Table XII). It
signifies that the assembly section holds higher wastage, rejection, environmental aspects, downtime cost, lower reliability,
safety, and the human factor. This article provides an easy way
for the production managers for selecting the appropriate LSS

project at an early stage of its implementation. The selection of
the right LSS project would enhance the success rate of LSS
implementation and the organization would gain overall profit
and sustainable development [32]. To check the robustness and
efficacy of the proposed methodology, the sensitivity analysis is
performed in the following section.
VII. SENSITIVITY ANALYSIS
As per the fourth research objective, to check whether variations in the obtained index value would change the final ranking

Authorized licensed use limited to: Heriot-Watt University. Downloaded on February 26,2021 at 10:11:12 UTC from IEEE Xplore. Restrictions apply.

This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.
SINGH et al.: LSS PROJECT SELECTION IN A MANUFACTURING ENVIRONMENT USING HYBRID METHODOLOGY

11

TABLE XI
UNITY AND REGRET MEASURES (VIKOR METHOD)

TABLE XII
ESTIMATED MODIFIED TOPSIS AND VIKOR RANKING

TABLE XIII
SENSITIVITY ANALYSIS

of LSS projects, a sensitivity analysis is conducted. It becomes
essential in the present study because of the involvement of
DMs in the formation of a decision matrix for criteria and
alternatives. The selected criteria and alternatives act as the
independent and dependent variables, respectively. To check

the effect of variations in the independent variables on the
dependent variable, the analysis is performed for both TOPSIS
and VIKOR index values. The sensitivity analysis is executed
for the variation of −20% and +20% in the input value of
independent variables. In the case of TOPSIS index values from
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Table XIII, it is observed that the maximum and minimum
variation is reached up to 0.0193 and 0.0003, respectively, which
do not considerably affect the present TOPSIS rank. Likewise,
by making the variation in the input values, the maximum and
minimum variation in the VIKOR index is reported as 0.0106
and 0.0004, respectively, which does not significantly affect the
rank. Overall, there is no effect on the obtained ranks of LSS
projects with the variations −20% and +20% in the independent
variables. Thus, the analysis shows that the obtained results
through the proposed methodology are highly consistent and
reliable.
VIII. CONCLUSION
In this article, the main contribution was to propose a unique
methodology based on the IF Modified-TOPSIS and VIKOR
approach for the optimal LSS project selection in a manufacturing environment. The efficacy of the proposed methodology
was validated through a case study in the Indian manufacturing
industry. In the case study, eight projects as alternatives were
identified and prioritized with the help of defined evaluation criteria. The entropy method was adopted to estimate the weights of
influencing criteria for the LSS project assessment. The entropy
analysis showed that wastage and safety were the most and least
perilous criteria, respectively. The overall results revealed that
the assembly section (A8) was identified as the most suitable
project for the LSS implementation at the selected site. The

assembly section acquired higher wastage, rejection, environmental aspects, downtime cost, poor reliability, safety, and the
human factor. The reliability and consistency of the obtained
results were checked through the sensitivity analysis. With the
variation of +20% to −20% in the input variables, the ranking
of available alternatives was the same as obtained through the
proposed methodology (see Table XIII). This analysis depicted
that the results were accurate, consistent, and reliable. The DMs
and practitioners were also obligating a good agreement with
these results underneath normal working conditions. The industrial managers and LSS practitioners ensured that the selected
LSS project was optimal for productivity and quality improvement at the selected site. The proposed methodology facilitated
the engineering managers, researchers, and LSS consultants to
select the optimal LSS project within their business for cleaner
production and sustainable development.
The main limitation of the present study was that the robustness of the proposed methodology was validated by one case
study. Another limitation was that the project selection depended
on the particular criteria and it can vary from industry to industry
or country to country. In the future, the researchers and practitioners can check the robustness of the proposed methodology
by implementing in large-scale companies, process industries,
and thermal power plants. Besides, the engineering managers
and LSS consultants can solve the LSS project selection issues
through the proposed methodology in the healthcare, financial,
and education sector also.

APPENDIX
LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 1ST DMS

LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 2ND DMS

LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 3RD DMS
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LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 4TH DMS

LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 5TH DMS

LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 6TH DMS

LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 7TH DMS

LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 8TH DMS
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LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 9TH DMS

LINGUISTIC DECISION MATRIX OF LSS PROJECT ALTERNATIVES BY 10TH DMS
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