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ABSTRACT

Present research explores various critical success factors for
successful implementation of six sigma methodology to
Indian small medium enterprises of manufacturing sector . It
further tries to study the interrelationship amongst them using
ISM methodology.
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1. INTRODUCTION

Six-Sigma is an improvement philosophy in quality
management to make enterprises more competitive with the
aim of achieving further business excellence [1-5]. Six Sigma
approach improves the quality of products in order to ensure
customers’ satisfaction and has yielded interesting and
positive results for large enterprises. However, its
implementation remains difficult for small- and medium-sized
enterprises (SME)[6-9]. In fact, the use of the same tools is
insufficient to achieve the objectives when considering
financial constraints and the lack of data. A number of tools
and techniques are highlighted by researchers for six sigma
implementation using DMAIC and DMADV approach. Some
of them are supplier input-output control (SIPOC) process
mapping , quality function deployment (QFD) , failure mode
and effect analysis (FMEA) , pareto analysis , process
capability analysis , benchmarking , design of experiment ,
cause and effect analysis. However these regular tools are
complex for SMEs which require an adapted model to
implement the approach successfully. Manufacturing
organization improves profitability and customer satisfaction
by implementing this methodology . In manufacturing
organizations , six sigma is used to streamline manufacturing
processes . It works for process improvement , process design
and process management , reducing variations in the process.
The main objectives of the present research work includes
exploring various metrics for successful implementation of six
sigma methodology for SMEs and further studying the
interrelationship amongst them using ISM methodology.
Present research work is organized as follows : Section 2
reviews the associated literature . Section 3 presents the ISM
methodology. Section 4 studies the case example and finally
managerial implications are presented in section 5.
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2. LITERATURE REVIEW

Since, the origin of Six Sigma, increasing competitiveness of
organization seems to be extremely common in the sectors of
business [10-12]. Stanklla et al. [12] critically review various
critical factors for successful implementation of six sigma in
SMEs. This reference reviews the articles from countries such
as Awustralia [13] , UK[14-16] , India [17-22], Pakistan
[23,24], Taiwan [26,27] to identify various critical success
factors for implementing six sigma in small and medium sized
enterprises.  For example , [13] describes the critical
successfactors with respect to Australian SMEs The three
critical success factors (CSFs) viz. linkage between six sigma
and customer - management commitment, involvement and
participation and linkage between six sigma and business
strategy of an enterprise were found crucial CSFs for
implementing six sigma effectively within UK manufacturing
small medium enterprises [14-16] . Ertuck [25] , Cheng
[26,27] investigated six sigma activities and presented
performance and managerial variables for the industrial
surroundings in Taiwan . Managerial variables(independent)
included the factors of customer, strategy, training and project
whereas the performance variables(dependent) include the
factors of cost, delivery, quality and flexibility . Cheng [27]
examined the relationship between business strategy and Six
Sigma in Taiwan. Tyagi et al. [19] evaluate the critical
success factors with respect to Indian manufacturing SMEs .
This research evaluate and present the results from the online
survey conducted in various Indian manufacturing small and
medium enterprises mainly to focus CSFs for implementing
six sigma in these SMEs . The results are further investigated
by the factor analysis . Summary of identified critical success
factors from published literature have been compiled and
mentioned in table 1 given below .
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Table | : Critical success factors for successful the process , your
implementation of Six sigma in SMEs organisations need
— to have few
Success Description Reference suppliers
factors :
- - 6. A well- Selection of right 23
Management | Without continuous [14],[29], developed candidate Wilgh [23]
involvement involvement and [30], 31], human appropriate
.a!“’ . support from top (32]. [33] resource knowledge and
part'{/lc :FF)’at/lon management ' 5;1)1(1 management | training are the most
( ) S1gMna s Successi system critical factor for
management implementation is (HRMS): successful
commltmentt/ not possible . associating six | implementation of
managemten sigma with six sigma . Further
suppor employees in any organization ,
A well- To identify core [34], [32], [33], projects can only be
implemented business relations [16], [23], [26] ~ successfully
customer and customer needs |mplement§d if the
management | are critical to quality §mp|0yee§ |nvo|vgd
system / characteristics . in the projects are in
associating six QFD is the best collaboration with
sigma with technique to each other while
customers and understand the sharing knowledge
market needs | business needs and and data.
/ identifying expectations %f 7. | Organizational | Implementation of [23]
customer customers an infrastructure / six sigma
needs (ICN) translate into core readiness methodology in any
business activities . (OIR) organization
The education When an [34] requires completely
and training organisation trains dedicated employees
about six and educate people and cross functional
sigma and and realizes the teams a_nd
methodology employees as facilitative
(ETS)/ integral part of Ieader§h|p
understanding organisation , six behaviour.
s sigma sigma and other 8. Linking six Top leaders have to [34], [22]
methodology | quality tool can give sigma to ensure that six sigma
the best results. business is the best strategy
A well- Process mapping [35] strategy (LSS) | for process
implemented and reengineering improvement and
process helps to create must be su_stamed
management | workflow diagram to before during and
system highlight each and ) after th(_e
(PMS)/ every stage included implementation of
identifying in the process and the process.
cocrje processes/ Its parre]\_llil Er?cisses 9. Project Project planningand | [34],[33], [22]
ana measures id ' \tN ch help to prioritisation , selection should
process 1den '.fY Processes or planning and always be aligned
mapping or re- | activities which are selection with company’s
engineering of value added and (PPS) strategies Pogrly
which ShOléld be aligned and incorrect
removed. project selection
A well- Strong involvement [23] leads to loss in
developed of suppliers in six business and
supplier sigma program can eventua_lly creep into
management be beneficial for an frustat_lon. Mc_Jst of
system (SMS) | organization to bring the projects failed to
; linking six | supplier closer to the Chomplete g\r/]vmg to
sigma to customer to the non- adherence
suppliers improve the quality to t:e g:l_ldelln]?§ and
of product or eadlines of its
process. Six sigma phase completion
methrqolci?]ytatlso 10. | Management Managers should [23]
;Xp ams bal'to . skills for inculcate good
reduce vanabrity In handling project management
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skills such as
continuous
evaluation and
motivation and
training of
employees ; periodic
review of the project
progress and
adherence to project

projects
(MSP)

completion
deadlines
11. Linking six Six sigma is a [34]
sigma to methodology to
corporate improve business
goals and profit during
strategies variability . It gains
(LCG) more importance

during high scrap
rate , rework or
rejection rate or low
productivity
situations

3. INTERPRETIVE STRUCTURAL

MODELLING METHODOLOGY

Suggested by Warfield [ ] , the technique has been used
widely to develop a map of the relationships between the
many elements in the form of a hierarchy graph. Group’s
judgement decides whether and how the items are related.
ISM works with the following steps. It deals with the
identification of elements, which are relevant to the decision
maker’s problems and issues. Thereafter, it establish the
contextual relationship between elements and with respect to
which pairs of elements will be examine. A structural self-
interaction matrix (SSIM) may be developed afterwards
between two variables i.e. i and j. It establishes the “Lead to”
relationship between criteria. Four symbols viz. V, A, X &
O are used for establishing the relationships. SSIM may be
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further used to develop an initial reachability matrix which
has all values in binary form. Rule of transitivity is usually
checked at this stage. After removing the transitivity, final
reachability matrix will form. Afterwards, the reachability set
and antecedent set for each criterion and for each element can
be obtained from the final reachability matrix. After that a
level partition matrix can be obtained based on establishing
the precedence relationships and arranging the elements in a
topological order. A Mic-Mac analysis can be performed
which categorize the variables as per the driving and
dependence power in to autonomous, dependent, driver and
linkage category. Finally a diagraph can be obtained.

4. DEVELOPMENT OF ISM MODEL
Based on the literature review presented above , 11 identified
success factors viz Management involvement and
participation  (MIP); Identifying customer needs (ICN);
education and training about six sigma and methodology
(ETS) ; process management system (PMS) ; supplier
management system (SMS) ; human resource management
system (HRMS); Organizational infrastructure / readiness
(OIR) ; Linking six sigma to business strategy (LSS); Project
prioritization , planning and selection (PPS) ; management
skills related to project handling (MSP) ; Linking six sigma
to corporate goals and strategies (LCG) are further analysed
through 1ISM methodology for their possible interrelation and
dependencies.

4.1 Construction of Structural Self -
Interaction Matrix (SSIM)

This matrix gives the pair-wise relationship between two
variables i.e. i and j based on VAXO. SSIM has been
presented below in Fig 1.

4.2 Construction of Initial Reachability

Matrix and final reachability matrix

The SSIM has been converted in to a binary matrix called the
initial reachability matrix shown in fig. 2 by substituting V, A,
X, O by 1 or 0 as per the case. After incorporating the
transitivity, the final reachability matrix is shown below in the
Fig 3.

Fig 1: SSIM matrix for pair wise relationship amongst various success factors

Barri 1 2 3 4 5 6 7 8 9 10 11
ers
MIP ICN ETS PMS SMS HR OIR LSS PPS MSP LCG
MS
1. MIP \% \ \% \% \% X X \ \% \%
2. ICN X A X X A \% \ A A
3. ETS \% \% \% \ \% \ \% \%
4. PMS O X A O A A A
5. SMS O A A A A A
6. HRMS A A A A A
7. OIR \Y \Y \Y \%
8. LSS A A X
9. PPS A X
10. MSP \%
11. LCG
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Fig 2: Initial reachability matrix
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Fig 3 : Final reachability matrix
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D.P : Driving power ; De.P : Dependence power
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4.3 Level Partition

From the final reachability matrix, reachability and final
antecedent set for each factor are found. The element for
which the reachability and intersection sets are same are the
top-level element in the ISM hierarchy. After the
identification of top level element, it is separated out from the
other elements and the process continues for next level of
elements. Reachability set, antecedent set, intersection set
along with different level for elements have been shown
below in table 3 to table 7.

Table 3 : Iteration |

International Journal of Computer Applications (0975 — 8887)
Volume 178 — No. 23, June 2019

Table 6 : Iteration IV

S.N | Reachabilit Antecedent Intersecti | lteratio
0. y set t on set n/
se Levels
4 10 1,7,10 10
5 7,10 1,7 7 AV
6 1,7,10 1,7 1,7

Table 7 : Iteration V

Sr. Reachability Antecedent Intersection Itera
No. set set set tion
5 7 1,7 7
6 1,7 1,7 1,7 \Y

S. Reachability Antecedent | Intersection | lteratio
No. set set n/
set Levels
1 2,5,6,89 1,2,3,4,5,6,7 2,5,6,
,8,9,10,11 8,9
2 2,3,4,5.6.8.9 1,2,3,4.6,7,8 2,3,4,6,8
10,11
3 2,3,45,6,8911 | 1,2,3,7,8,10, 2,3,8,11
11
4 2,3,45,6,8910 | 1,2,3,7,8,10 2,3,10
A1
5 2,3,4,5,6,7,8,9, 1,2,3,7,8 2,3,7
10,11
6 1,2,3,4,5,6,7,8, 1,7,8 1,78
9,10,11
Table 4 : Iteration Il

S. Reachability Antecedent | Intersec | Iteration

N set set tion set

0.

2 3,4 1,3,4.7,10,1 3,4

1

3 3,411 1,3,7,10,11 3,11

4 3,4,10,11 1,3,7,10 3,10 "

5 3,4,7,10,11 1,3,7 3,7

6 1,,3,4,7,10,11 1,7 1,7

Table 5 : Iteration 111

S.No. | Reachability Antecedent Intersection | lterati
set set set on
3 11 1,7,10,11 11
4 10,11 1,7,10 10
5 7,10,11 1,7 7 11
6 1,7,10,11 1,7 1,7

4.4 Classification of factors

The critical success factors described earlier are classified in
to four clusters viz. autonomous factor, dependent factors,
linkage factors and independent factors (mentioned in Table
X1 below). Fig. 4 below shows the driving power and
dominance diagram.

DRIVING | 11 WP [OR LSS
POWER |19 TS | IO
9 [oRIVERS LINKAGE
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Fig . 4: Driving power and dependence diagram

45 1SM model

An ISM model is developed ( as shown in fig. 5 below ) after
arranging the elements as per their interaction or dependence
relationships.
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Fig5: ISM diagraph

5. MANAGERIAL IMPLICATIONS &
CONCLUSIONS

Managers could also consider implementing business
improvement program such as six sigma to meet the global
competition . However its implementation amongst SMEs is a
herculean task indeed. The issues faced by SMEs in
manufacturing sector for adoption of Six Sigma should be
studied and addressed to bring awareness and interest in this
breakthrough methodology by the SMEs.
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