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Abstract—The purpose of this study is to identify the critical
success factors (CSFs) for the effective implementation of Six Sigma
in non-formal service Sectors.

Based on the survey of literature, the critical success factors
(CSFs) for Six Sigma have been identified and are assessed for their
importance in Non-formal service sector using Delphi Technique.
These selected CSFs were put forth to the panel of expert to cluster
them and prepare cognitive map to establish their relationship.

All the critical success factors examined and obtained from the
review of literature have been assessed for their importance with
respect to their contribution to Six Sigma effectiveness in non formal
service sector.

The study is limited to the non-formal service sectors involved in
the organization of religious festival only. However, the similar
exercise can be conducted for broader sample of other non-formal
service sectors like temple/ashram management, religious tours
management etc.

The research suggests an approach to identify CSFs of Six Sigma
for Non-formal service sector. All the CSFs of the formal service
sector will not be applicable to Non-formal services, hence opinion of
experts was sought to add or delete the CSFs. In the first round of
Delphi, the panel of experts has suggested, two new CSFs-
“competitive benchmarking (F19) and resident’s involvement (F28)”,
which were added for assessment in the next round of Delphi. One of
the CSFs-“fulltime six sigma personnel (F15)” has been omitted in
proposed clusters of CSFs for non-formal organization, as it is
practically impossible to deploy full time trained Six Sigma recruits.

Keywords—~Critical success factors (CSFs), Quality assurance,
non-formal service sectors, Six Sigma.

I. INTRODUCTION

O enhance efficiency, competitiveness, and customer

satisfaction, an increasing number of companies are
adopting a quality management system (QMS) [31]. Six
Sigma is one of the quality management systems which can
reduce the defect in process as low as 3.4 Defects per Million
Opportunities (DPMO). Various researchers have argued that
Six Sigma can increase organizational competitive capabilities
and enhance the quality of products and/ or services [6], [30].
The purpose of Six Sigma is to assist companies of various
sizes in any sector to implement and operate an effective QMS
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by enhancing the firm’s ability to design, produce, and deliver
quality products and services.
The successful implementation of Six Sigma depends on
many factors, known as critical success factors of Six Sigma.
The idea of identifying critical success factors was
popularized by [36], as a basis for determining the information
needs of managers. These success factors are the key
parameters that make Six Sigma applications fruitful for an
organization.
Non formal service sectors are more vulnerable to changes
of market because of their limited resources, lack of
technological capabilities and less possibility to expand as
compare to formal organization. They have to face the fierce
competition in highly volatile market situation and make
compromise between low cost operation and value added
operations [39]. Therefore, the quality of services provided
by the non-formal sectors can provide them leverage to gain
competitive advantage in this scenario.
The basic step for deployment of six sigma program is to
identify the critical areas which affect the customer
satisfaction. This paper looks at the critical success factors
(CSFs) for Six Sigma initiatives, with an emphasis on the non-
formal service sector.
This research is focused on the following three objectives:
(1) Identification of CSFs of Six Sigma in service sectors
through literature review and experts opinion.

(2) Prepare the cognitive maps of select CSF for grouping
them into clusters using Delphi Technique.

(3) CSFs clusters and cognitive maps depicting their inter-
relationship for implementation of Six Sigma in Non-
formal Services.

II. METHODOLOGY OF RESEARCH

The research presented in this paper is conducted in four

steps as shown in Fig. 1.

Stepl. Identification of CSF from Literature: In order to
determine the CSFs for Six Sigma, research paper of
Six Sigma implementation have been thoroughly
reviewed to identify CSF in various formal service
sectors.

Step2. Delphi’s 1" Round: The CSFs identified from the
literature were discussed with the panel of experts to
assess the applicability in Non-formal service sectors.
The expert’s opinion was sought to add or delete some
of the CSFs for non-formal sector. Coding of finalized
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set of CSFs has been done before forwarding them to
the next round of Delphi (Refer Table II).

Step3. Delphi’s 2" Round: Experts were asked to cluster the
identified CSF using cognitive mapping technique.
After second round of Delphi, personal interviews were
conducted with individual experts to withdraw or
modify their opinion. During this process the
incomplete and ambiguous responses given by the
experts were neglected.

Step4. Delphi’s 3" Round: the experts were asked to
determine the inter-relationship of the clusters in the
first draft of cognitive map. The second round
interview with experts was held to finalize the
cognitive map for the inter-relationship of cluster and
consensus for identity of cluster (i.e.name and code of

Identification

of CSF

cluster).
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Fig. 1 Methodology of Research

1. CRITICAL SUCCESS FACTORS (CSF)

Many papers presenting case studies of Six Sigma
implementation in service sectors conclude that the useful
exercise is to sort out various “Critical Success Factors” (CSF)
of Six Sigma that form the foundation to successful
deployment of Six Sigma program. CSFs are those factors
which are critical to the success of an organization, if the
objectives associated with the factors are not achieved, the
organization will fail catastrophically [36]. Some select
definitions of CSF by various researchers are summarized in
Table L.

TABLE
SELECT DEFINITIONS OF CSF FROM LITERATURE
Author Definition
(36] The limited numbers of areas in which results, if they are satisfactory,

will ensure competitive performance for the organisation.
(1] The essential things that must be achieved by §h§ company or which
areas will produce the greatest “competitive leverage”.
[8] Those few things that must go well to ensure success
[19] “Critical Success Factors” are best practices, or that are vital for Six
Sigma to succeed.

Soti [37] argued that Critical success factors assure
successful installation, functioning and sustainability of Six
Sigma system; whereas, enablers assure successful installation
of a Six Sigma system. They have categorized CSF into three
groups, functional success factors (enablers), operational
success factors and the factors which monitor sustainability of
Six Sigma. They have also argued that this CSF can be
clustered and modeled to industry specific application.

The importance of defining the CSF for implementation of
QMS is to increase the success rate, reduce costs and prevent
disillusionment associated with it. Brotherton and Shaw [11]
emphasize that CSFs are not objectives, but are the actions and
processes that can be controlled/affected by management to
achieve the organization’s goals. They also state that the CSFs
are not static, but depend on a combination of where the
organization is and where it wants to be. The CSF defined by
Boynton and Zmud [8] is a more universal definition which is
equally applicable to both the public and private sectors and
not restricted to a particular type of project.

Table II depicts various CSFs summarized from the
literature; these are related to most of the business function
and are useful database to identify CSFs for Six Sigma
implementation.

IV. CLUSTERING CSFS USING DELPHI METHODOLOGY

Cluster may be defined as agglomeration of CSFs which are
related to each other in their characteristics. The identified
CSFs from literature are summarized into eleven clusters
based on their relevant characteristics using Delphi Technique.
The task has been accomplished by conducting two rounds of
Delphi process to reach the consensus among experts.

With the purpose of determining the relation between
clusters, advice was taken from a panel of 13 experts. These
experts were selected based on their academic background and
long time experiences in non-formal service sector, or
consulting positions. This team composition guarantees the
experts who are finally chosen having profound knowledge of
Non-formal service industry.

Among the various methods [13], Delphi methodology has
been adopted, which is used to structure the process of
communication in a group of experts in order to reach a
consensus regarding a complex problem. One of the main
characteristics of the Delphi study is that, when the experts
receive feedback reports; they have an opportunity of
improving their own opinion [14]. This was done through
consulting and questioning the experts with information about
deviations from previous rounds to provide them with the
chance to obtain consensus and get all experts to go toward the
average.

A. Delphi’s First Round

To start with the Delphi’s first round, CSFs identified from
the literature of formal service sectors, have been discussed
with the panel of experts. In the brainstorming session, the
experts were asked to study the CSFs carefully and assess
their applicability to non-formal service organizations.
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TABLE II
CSFS APPROVED AND SUGGESTED BY EXPERTS
No Critical Success Factors Author Measurement Aspect CSF Code
1 Top management commitment [16]-[18]; [11; [3]; [41; [9]; [28]; [32] Qualitative and Quantitative F1
2 Education and training ( 6][_1[51]%][’ 2[ 4:]]; [[j;i ,[‘[13],25,2[73]’85 ’1 ([)412)5 ,] 2k Qualitative F2
3 Cultural change/ change management [16]; [17]; [1]-[4]; [9]; [12]; [32]; [38] Qualitative F3
4 Customer focus/customer’s satisfaction [2]; [71; [16]-[18]; [24]; [40] Qualitative and Quantitative F4
5 Clear performance mezizfr{z:aluation; Standardised [11: [7]: [16]-[18] Quantitative Fs
6 Attaching success to financial benefits [31; [41; [16]; [17]; [32] Quantitative F6
7 Organisational understanding of work processes [31; [4]; [16]; [17]; [38] Qualitative and Quantitative F7
8 Organisational readiness [16]; [17] Quantitative F8
9 Project management skill [11; [3]; [4] Qualitative F9
10 Organisational infrastructure / Belt system [2]-[4]; [15]; [18]; [27]; [28]; [32]; [40] Qualitative and Quantitative F10
11 Companywide commitment [31; [4] Quantitative F11
12 Project tracking and reviews [31; [4]; [23] Quantitative F12
13 Incentive program, Compensation [3]; [41; [23], [27]; [15] Quantitative F13
14 Linking Six Sigma to business strategy [2]-[4]; [32]; [12] Qualitative and Quantitative F14
15 " Consutancy from acadercane [233; (351 1341 Quantiative Fis*
16 Information and analysis systems [28] Quantitative F16
17 Use of quality tools [28] Quantitative F17
18 Human resource management [28]; [24]; [12] Qualitative and Quantitative F18
19 Competitive benchmarking *Suggested by the panel of experts Qualitative and Quantitative F19*
20 Management’s leadership [21; [15]; [23]; [35]; [38] Qualitative and Quantitative F20
21 Project planning and management [2]; [18]; [32] Qualitative and Quantitative F21
22 Understanding the six sigma methodology [2]; [32]; [38] Qualitative F22
23 Project prioritisation and selection [11; [2]; [10]; [12]; [23]; [27]; [32]; [40]; Quantitative F23
24 Employees commitment [2];[32] Qualitative F24
25 Knowledge sharing [32] Qualitative F25
26 Team communication [32] Qualitative F26
27 Document management/ Data System [9]; [32] Quantitative F27
8 Suppliers 1nvolv]§$?§g1¥:?£;r;glvseﬁ§§kma to Suppliers/ [21: [12]: [23]; [32]; [38] Quantitative Fa8*
29 Financial performance evaluation [24]; [27] Quantitative F29
30 Deployment plan [23] Qualitative and Quantitative F30
31 Technical support [23]; [34] Qualitative F31
32 Environment/adaptable system [9]; [23] Qualitative F32
33 Empowerment of People [7] Qualitative F33
34 Inspiring leadership [71; [24]; [27]; [33]; [34]; [40] Qualitative and Quantitative F34
35 Selecting key players / Construction of specialised team [9]; [10]; [40] Quantitative F35
36 Project goal set ups [15] Quantitative F36
37 Data based decision making [35] Quantitative F37
38 Process measurement and feedback [35] Quantitative F38
39 Structured approach [9] Qualitative F39
40 Bottom line focus [9] Quantitative F40
41 Six sigma implementation system [18] Qualitative F41

Moreover, the opinion of the experts was sought to add new
CSFs, if any, applicable to event management and omit those
which are extraneous. In this session, expert’s revealed the
fact that in non-formal sectors the financial crisis is the biggest
barrier in implementation of any change. Appointing the full
time Six Sigma certified manpower (Master Black Belt, Black
Belt and Green Belt etc.) will be the costly affair for Non-
formal sector, however, consultancy from academic institution
can be solicited to solve the purpose. Therefore the CSF-“full
time Six Sigma Personnel” has been neglected from the study.

Similarly, “resident’s involvement” is an integral part of
event management; their active participation is one of the most

critical factors in the success of any event. Also various
organizing agencies are separate business units and they have
to manage their own supplier, and residents are the party in the
organization of event hence the CSF-“resident’s involvement”
is taken in place of “supplier involvement”

In managing the events, similar events held worldwide, can
be benchmarked so as to make the effective planning and
execution of the event, so “competitive benchmarking” is the
one of the CSF, taken into consideration as suggested by the
experts.
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B. Delphi’s Second Round to Construct Cognitive Map

A cognitive map is a representation of thinking about the
problem that follows from the process of mapping [22]. The
maps are the network of nodes and arrows as links particular
type of directed graphs [25], [26]. Cognitive maps (CM) were
proposed and applied to ill-structured problem by [5]. The
formal basis for cognitive maps derives from personal
construct theory [29] which proposes an understanding of how
humans “make sense of” their world by seeking to manage
and control it. The map, as model also acts as a device for
establishing a mutual understanding of the issue [20], [21].

In order to obtain the cluster of CSF, according to
aforementioned factors retrieved from literature survey and in
consultation with experts, initial draft of the CSFs have been
prepared the in the first round of Delphi. In the second round
the experts were given a brief introduction of cognitive
mapping technique and were asked to study the characteristics
of given CSFs.

Based on the characteristics of given CSFs experts have
clubbed them into various clusters. The relationship of CSFs
in expert’s opinion and their graphical representation in the
form of cognitive map is illustrated in Fig. 1.

In addition, some experts believed in new relations between
some factors that had not been taken into account in the initial
cognitive map (refer Table II).

TABLE III
NEW RELATION ESTABLISHED IN DELPHI’S FIRST ROUND
Cluster CSF Frequency
CL1-Process Ownership F3- Cultural Change 2
CL1-Process Ownership F13- Incentive Program 1
CL4-Organisational F10- Organisational 5

assessment Infrastructure

Results showed that majority of experts did not agree with
the relations between "process ownership" and "cultural
change" and/or “incentive program”. Similarly, most of
experts also agreed that the relation between "organizational
infrastructure" and "human resource management" is more
meaningful than the relation between "organizational
infrastructures" and "organizational infrastructure". According
to the results of second round of Delphi, separate interviews
with each expert have been conducted and the vague opinions
were neglected.

Before commencement of next session, necessary
explanations for the neglected relationships have been given to
entire team of expert. The objective of the third round is to
develop the relationship among the finalized cluster, their
identification and coding. In this session, with the consensus
of all the experts the final draft of cognitive map was prepared
as shown in Fig. 2, for their inter-relationship.
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Fig. 2 CSF clusters formed at the end of Delphi's first round
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Fig. 3 Final Clusters with their identification and relationship (result
of Delphi's second round)

C. Delphi’s Third Round

In third round of Delphi the finalized 11CSFs clusters were
named and coded for their identity; refer Table IV. These
clusters covers almost all the CSFs of Six Sigma applicable to,
formal service sectors and are helpful as resource to identify
the CSFs for any other non-formal service.
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TABLE IV
CSF CLUSTERS FOR NON FORMAL SERVICE SECTORS
Cluster No. Cluster CSFs
CL-1 Process ownership Top management commitment/ Management’s leadership/ inspiring leadership;
Education and training; Cultural Change/Change Management; Organisational understanding of work processes;
CL-2 Awareness Program . . X L
Resident’s involvement*; Understanding the six sigma methodology.
CL3 Project Selection Attachm'g success to financial benefits; Linking Six Sigma to business strategy; Pr91¢ct goal set ups; I?rOJCCt
planning and management; Deployment plan; Structured approach; Project prioritisation and selection.
CL-4 Oreanisational Assessment Organisational readiness; Financial performance evaluation; Process Measurement and Feedback; Six sigma
: & implementation system
CL-5 Customer Centric Approach Customer focus/customer’s satisfaction; Suppliers involvement; Employees commitment; Bottom line focus.
CL-6 Performance Assessment Clear performance metrics /evaluation; Standardised metrics; Project tracking and reviews; Use of quality tools
CL-7 Reward Incentive program, Compensation
Project management skill; Consultancy from academicians*; Companywide commitment; Full time versus part
Human Resource . .. R
CL-8 Manaeement time resources; Human resource management; supplier involvement; Technical Support; Empowerment of people;
g Selecting key players / Construction of specialised team
CL-9 Knowledge Sharing Competitive benchmarking*; Team communication; Understanding Six Sigma methodology
CL-10 Database Management Information and analysis systems; Document management/Data System; Data based decision making
CL-11 Servicescape Environment/adaptable system
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