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Abstract Six Sigma is a business strategy and a systematic
methodology, use of which leads to breakthrough in profitability
through quantum gains in product/service quality, customer
satisfaction and productivity. The concept of implementing Six
Sigma processes was pioneered at Motorola in the 1980s and
the objective was to reduce the number of defects to as low as
3.4 parts per million opportunities. For the effective
implementation of Six Sigma projects in organisations, one must
understand the critical success factors that will make the
application successful. This paper presents the key ingredients,
which are essential for Six Sigma implementation. These
ingredients are generated from a pilot survey conducted in the
UK manufacturing and service organisations.
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Introduction

he concept of implementation of Six Sigma
T methodology was pioneered at Motorola in the 1980s

with the aim of reducing quality costs, i.e. costs of not
doing things right first time, costs of not meeting customer
requirements, etc. After Motorola, other companies such as
Texas Instruments, Allied Signal (or Honeywell today),
Kodak, General Electric, Sony, etc. have claimed great
savings as a result of the implementation of Six Sigma
projects. However, Six Sigma stresses the application of
statistical and problem-solving tools and techniques in a
methodical and systematic fashion to gain knowledge that
leads to breakthrough improvements with dramatic impact
on the bottom-line results. While the original goal of Six
Sigma was to focus on manufacturing process, today,
marketing, purchasing, billing and invoicing functions are
also embarked on Six Sigma strategies with the aim of

continuously reducing defects throughout the organisation’s
processes.

Key ingredients are those factors that are essential to the
success of the implementation of any quality improvement
initiatives. The identification of such factors will encourage
their consideration when companies are developing an
appropriate implementation plan (Mann and Kehoe, 1995).
For example, Henderson and Evans (2000) have identified
the key components of successful Six Sigma
implementation, such as upper management support,
organisational infrastructure, training, application of
statistical tools and link to human resources-based actions
(e.g. bonuses, promotions, etc.). Even though many authors
have advocated the success factors at various places of the
literature, very little attempt has been made to validate them
by empirical research. The objective of this research project
is to determine the key ingredients for the effective
implementation of Six Sigma programs in UK industry by
means of a pilot study. The paper will also make an attempt
to understand the common tools and techniques within UK
industry currently practising Six Sigma philosophy.

Six Sigma and its fundamentals

Six Sigma has different interpretations and definitions for
different people. It is a formal and disciplined methodology
for defining, measuring, analysing, improving and controlling
processes. The fundamental idea behind the Six Sigma
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philosophy is to continuously reduce variation in processes
and aim at the elimination of defects or failures from every
product, service and transactional process (Hoerl, 1998). Six
Sigma can be defined in both statistical and business terms.
In business terms, Six Sigma is a business improvement
strategy used to improve profitability, to drive out waste, to
reduce quality costs and improve the effectiveness and
efficiency of all operations that meet or even exceed
customers’ needs and expectations (Antony and Banuelas,
2001). In statistical terms, Six Sigma is a term that refers to
3.4 defects per million opportunities (DPMO), where sigma is
a term used to represent the variation about the process
average.

One key to the success of the Six Sigma program is the
step-by-step approach or road map using define, measure,
analyse, improve and control (DMAIC) methodology. The
definition phase entails the definition of the problem and the
definition of critical quality characteristics which are most
important to customers. In the measure phase, select the
most appropriate output quality characteristics to be
improved and establish what is unacceptable performance
or a defect for such characteristics. Once this is done, gather
preliminary data to evaluate current process performance
and capability. In the analysis phase, we need to analyse the
root causes of defects or errors (the Xs or input variables). In
the improvement phase, we need to reduce the defect rate or
number of defects using simple but powerful statistical tools/
techniques. For some processes, several rounds of
improvements may be required to achieve a desired process
performance or capability. In the control phase, we need to
sustain the improvement that has been achieved from the
improvement phase.

Real benefits of Six Sigma

Six Sigma accentuates financial returns to the balance sheet
of an organisation. It has been so successful in many
organisations where performance is significantly improved
beyond that which can be obtained through other means.
The following are the key benefits gained by Motorola, Allied
Signal (Honeywell now) and GE (www.airacad.com/papers/
Sixsigma.html) from the implementation of Six Sigma.

Motorola (1987-1994)

B Reduced in-process defect levels by a factor of 200.
B Reduced manufacturing costs by $1.4 billion.

B Increased stockholders share value four-fold.

Allied Signal (1992-1996)
B Reduced new product introduction time by 16 per cent.
B Reduced manufacturing costs by more than $1 billion.

General Electric (1995-1998)
B Company wide savings of over $1 billion.

Service and transactional processes.

B Reduced medication and laboratory errors and thereby
improved patient safety (Buck, 2001).

B Reduced profit margin significantly in a community
hospital and the estimated saving is more than $1
million per year (http://www.smartersolutions.com/).

B Significant savings in process timeliness, improvements
in cash management and increased customer loyalty
and satisfaction (Rucker, 2000).

Key ingredients of Six Sigma program: an
overview

In order to manage and optimise the process output, it is
important that we identify the key input variables which
influence the output. The key ingredients of Six Sigma play
an identical role of input variables to any process. This
section briefly reveals the key ingredients that are necessary
for the effective implementation of Six Sigma program. The
first step was to carry out an exploratory study on the topic
as similar studies were performed by authors such as Pande
et al. (2000), Henderson and Evans (2000) and Eckes
(2000). Moreover, it is also important to learn the importance
of these success factors in a ranking or prioritised order,
particularly in the UK industry. The relative weightings of
critical success factors (CSFs) would assist people to
understand what ingredients are essential for making Six
Sigma process successful and what ingredients are not
important to the success. It would also assist people in
organisations to gain a better understanding of the process
of Six Sigma implementation. The following CSFs are
identified from the literature.

1. Management involvement and commitment

Any successful initiative like Six Sigma requires top
management involvement and provision of appropriate
resources and training (Halliday, 2001). The underlying
principles of Six Sigma must be taught to senior managers
within the organisation. Jack Welch, the CEO of GE, has
strongly influenced and enabled the restructuring of the
business organisation and changed the attitude of the
employees towards Six Sigma (Henderson and Evans,
2000). Without the continuous support and commitment
from top management, the true importance of the initiative
will be in doubt and the energy behind it will be weakened
(Pande et al., 2000).

2. Cultural change

A successful introduction and implementation of Six Sigma
requires adjustments to the culture of the organisation and a
change in the attitudes of its employees. Employees have to
be motivated and accept responsibility for the quality of their
own work. It is worthwhile to note that when Six Sigma was
initially rolled out at GE, employees were at first very uneasy
at the thought of having to learn statistics. This was due to
the misconception that Six Sigma is essentially a statistical
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toolset. Today Six Sigma within GE is the way employees do
their job in everyday life and it is nothing more than the
mindset of people with the ultimate goal of “doing things
right first time”. The success of an organisation in both the
local and overseas markets depends heavily on the culture
of that particular organisation (Sohal, 1998). Six Sigma
initiatives require the right mindset and attitude of people
working within the organisation at all levels. The people within
the organisation must be made known and be aware of the
need for change. Companies that have been successful in
managing change have identified that the best way to tackle
resistance to change is through increased and sustained
communication, motivation and education.

With a true cultural revolution in an organisation come two
basic fears on an individual level: fear of change and fear of
not achieving the new standards. To overcome fear of
change in any industrial environment, the people involved
must understand the need for change. It would be ideal to
create a communication plan that would address why Six
Sigma is important, and how the methodology of Six Sigma
works in organisations (Hendricks and Kelbaugh, 1998). It is
also essential to restructure the organisation to drive the
culture change and make Six Sigma a part of everyday life.
After implementation of Six Sigma projects, it is best to
publish results, but these should not be restricted to just
success stories but also admit and communicate stumbling
blocks. This will help other projects in the pipeline to avoid
the same mistakes and learn from mistakes.

3. Organisation infrastructure

In addition to top-management, there also needs to be an
effective organisational infrastructure in place to support the
Six Sigma introduction and development program within any
organisation. The employees in an organisation practising
Six Sigma are generally highly trained, have undergone
rigorous statistical training, and lead teams in identifying,
executing and managing Six Sigma projects. In many
multinational corporations (such as GE, Motorola,
Honeywell, etc.), Six Sigma initiatives are led by the CEO or
vice-president, who is considered as the Six Sigma
champion. This will be followed by the formation of master
black belts, black belts, green belts and other team
members who are individuals who support specific projects
in their area (Harry and Schroeder, 2000). Apart from the belt
system, Six Sigma program also requires project sponsors
(or champions in some organisations) who provide guidance
to the project team and find and negotiate resources and
budget for the project. The timing and readiness of the
organisation is also important. This is because Six Sigma
effort requires a great deal of resources such as staff
commitment, top management commitment, time, energy
and costs, etc.
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4. Training

It is critical to “communicate both the ‘why’ and the ‘how’ of
Six Sigma as early as possible, and provide the opportunity
to people to improve their comfort level through training
classes” (Hendricks and Kelbaugh, 1998) before unleashing
the employees into the world of Six Sigma. There is usually a
hierarchy of expertise, which is identified by the “belt
system”. The belt system ensures that everyone in the
organisation is speaking the same language. This makes the
setting up and execution of Six Sigma projects much easier
throughout the organisation. The curriculum in the belt
system varies from organisation to organisation and
consultant to consultant; however it needs to be provided by
identifying the key roles of the people directly involved in
applying Six Sigma. For example, the training for becoming a
black belt within Motorola is a minimum of one year. In order
to be accredited to black belt, candidates must complete an
application form to demonstrate how they have met the
requirements in both training and practice of Six Sigma (Ingle
and Roe, 2001). In GE, the length of training is approximately
16-20 weeks. Qualification as a black belt is very important
when employees are being considered for promotion. In
general, it appears that GE has a more structured approach
to training than does Motorola. Moreover, the length of
training in GE is comparatively much shorter and therefore
results in a greater number of accredited black belts.
However, the black belt training in Motorola seems to be
more flexible and potentially should result in a greater depth
and breadth of expertise.

5. Project management skills

As Six Sigma is a project driven methodology, it is good
practice for the team members to have project management
skills to meet the various deadlines or milestones during the
course of the project (Antony and Banuelas, 2001). Most of
the projects on Six Sigma fail due to poor project
management skills, setting and keeping ground rules,
determining the meeting’s roles and responsibilities (Eckes,
2000).

6. Project prioritisation and selection, reviews and
tracking
There have to be proper criteria for the selection and
prioritisation of projects. Poorly selected and defined
projects lead to delayed results and also a great deal of
frustration. Pande et al. (2000) provide three generic
categories of projection selection criteria. These are:
(1) Business benefits criteria

B impact on meeting external customer requirement;

M financial impact;

B impact on core competencies.
(2) Feasibility criteria

M resources required;

B complexity;

B expertise available, etc.
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(8) Organisational impact criteria
B cross-functional benefits;
B learning benefits, i.e. new knowledge gained about
the business, customers and processes.

Project reviews must be conducted on a regularly scheduled
basis to drive the projects to a successful completion and
closure. Review process would enable the black belts and
green belts to follow the Six Sigma methodology correctly.
Six Sigma champions should use the project review process
to understand what the black belts and green belts see as
barriers to the progress of their projects. It is good practice to
have a project tracking system to track all projects which are
submitted for consideration, accepted for implementation, in
progress and completed.

7. Understanding the Six Sigma methodology, tools
and techniques

A healthy portion of the Six Sigma training involves learning
the principles behind the Six Sigma methodology, i.e. DMAIC
methodology. During the training, employees learn three
groups of tools and techniques, which are divided into
process improvement tools and techniques, leadership tools
and team tools. For many Six Sigma projects, generally
simple statistical tools or quality tools are more than enough
to tackle the problem at hand. However, for greater
breakthrough improvements in business processes, certain
advanced statistical tools and techniques (such as design of
experiments, statistical process control, regression analysis,
analysis of variance, etc.) are needed.

In addition, there has to be a clear set of metrics that are
used to measure process performance against customer
requirements. Examples of metrics include defect rate, cost
of poor quality, throughput yield, rolled throughput yield, etc.
Accurate data are also required for analysing potential root
causes and support the team’s decisions.

8. Linking Six Sigma to business strategy

Six Sigma cannot be treated as yet another stand-alone
activity. It requires adherence to a whole philosophy rather
than just the usage of a few tools and techniques of quality
improvement (Dale, 2000). It needs to be clear how Six
Sigma projects and other activities link to customers, core
processes and competitiveness (Pande et al., 2000). Since
the goal of every organisation is to make profits, Six Sigma
projects make business processes profitable while attacking
variability which leads to high scrap rate, high rework rate,
low productivity, etc. In every single project, the link between
the project objectives and the business strategy should be
identified.

9. Linking Six Sigma to the customer

A key element of the success of Six Sigma program is its
ability to link to the customers. Projects should begin with the
determination of customer requirements (Harry and
Schroeder, 2000). However Pande et al. (2000) argue that

before customer needs can be met successfully, there has to

be a good understanding of the organisation and its linkage

to various business activities. The process of linking Six

Sigma to the customer can therefore be divided into two

main steps:

(1) Identifying the core processes, defining the key outputs
of these processes and defining the key customers that
they serve.

(2) Identifying and defining the customer needs and
requirements.

An important issue here is the selection of critical-to-quality
characteristics (CTQs). These CTQs must be identified
quantitatively in the starting phase of the Six Sigma
methodology. Quality function deployment is a powerful
technique to understand the needs and expectations of
customers and translate them into design or engineering
requirements. In service industry, the customer requirements
are often ambiguous, subjective and poorly defined.

10. Linking Six Sigma to human resources

Human resources-based actions need to be put into effect to
promote desired behaviour and results. Some studies show
that 61 per cent of the top performing companies link their
rewards to their business strategies, while lower performing
companies create minimal linkage (Harry and Schroeder,
2000). Across all GE businesses no one will be promoted
without the full Six Sigma training and a completed project.
This in itself is an impressive behaviour driver (Hendricks and
Kelbaugh, 1998). Moreover, Jack Welch of GE requires the
black belt managing the project to prove that the problems
are fixed permanently (Conlin, 1998).

11. Linking Six Sigma to suppliers

Many organisations that implement Six Sigma find it
beneficial to extend the application of Six Sigma principles to
management of their supply chain. The concept that
“everybody plays” created special challenges for General
Electric Appliances (GEA). You cannot be a Six Sigma
company without your suppliers participating in the culture
change (Hendricks and Kelbaugh, 1998). The key element of
successful integration of suppliers into Six Sigma is obtaining
support up front from the highest levels of management in
the supplier firm. Under Six Sigma philosophy, one way to
reduce variability is to have few suppliers with high Sigma
performance capability levels (Pande et al., 2000).

Research methodology and data collection

The research question for this pilot study was “how
organisations in the UK prioritise these key ingredients?” The
questionnaire developed in this study consisted of two main
sections: the background of the company and the key
ingredients. The first section was intended to determine
fundamental issues such as the type of product or service
made, the size of the company, whether a certified quality
management system standard was held, the level of sigma
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capability of the company, the common metrics used by the
company for measuring performance, problem solving and
quality improvement tools and techniques utilised by the
company, etc. The second section consisted of 34 variables
or statements, derived mainly from the literature and by
means of a brainstorming session with a number of quality
professionals within the university, who are familiar with the
Six Sigma and other quality management philosophies. The
process resulted in an instrument strongly grounded in the
literature. After gathering 34 variables from the literature and
brainstorming, the next step was to group them into 11 factor
headings. Each factor consisted of about three variables or
statements on average. Respondents were asked to rate
their level of agreement to the statements or variables on a
five-point Likert scale from 1 “not important” to 5 “crucial”,
with the middle denoted as “important”. It was hoped that
this would give an indication of the level of knowledge and
understanding of Six Sigma. Moreover, the use of a Likert
scale rather than a simple yes/no type of question in the
questionnaire would provide a better perspective of the
current Six Sigma practices in the UK industry.

The target respondents for the survey were the quality
directors, chief executive officers, managing directors,
project managers, quality managers or black belts, since
they are directly involved in the process and have first-hand
knowledge and experience of Six Sigma projects in their
businesses. A postal survey was used for gathering data due
to the advantage that the designed questionnaire could be
sent to a large number of organisations in a limited time. A
total of 300 questionnaires were sent to large organisations
with over 1,000 employees and higher turnover. The
response rate from the companies was about 15 per cent
(i.e. 45 companies). However, just 37 per cent of these
companies (i.e. about 16 companies) were applying the
principles of Six Sigma. Figure 1 depicts the percentage of
the companies that are implementing Six Sigma, total quality
management (TQM) and ISO 9000. As can be seen from
Figure 1, many companies that implement Six Sigma have

Figure 1 — Percentages of 1ISO 9000, TQM and
Six Sigma status
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also implemented both ISO 9000 and TQM. Moreover, 71
per cent of the responding companies have implemented
ISO 9000 and TQM and just 14 per cent of the companies
have not achieved any quality status.

The largest group of respondents in the survey included
master black belts, quality managers and project managers.
The results of the survey also showed that the majority of the
companies (i.e. more than 70 per cent) have recently
adopted Six Sigma initiatives (i.e. between one and three
years). Moreover, less than 10 per cent of the companies
involved in the survey have been involved in Six Sigma
initiatives for more than three years.

The results of the survey also revealed that more than 50
per cent of the companies involved in Six Sigma initiatives
are working at three or less than three Sigma capability level.
Also, 20 per cent of the companies do not know their actual
Sigma capability level. Two companies are operating their
core business processes between four and five Sigma
capability level. One company is operating its critical
processes at five Sigma capability level on average.

The most common metrics used in companies practising
Six Sigma principles include process capability indices (both
Cp and Cyy), defect rate, costs of poor quality (COPQ),
percentage of scrap, first time yield (FTY) and number of
customer complaints. In addition to the metrics, the survey
also looked at the most common tools and techniques
employed by the companies which have been practising Six
Sigma. The results are shown in Figure 2.

The most commonly used tools include cause and effect
analysis, Pareto analysis, control charts and run charts. It
was found that many companies are not using more
powerful techniques such as design of experiments,
Taguchi methods, quality function deployment, failure
mode effect and criticality analysis, 5-S practice, Poka-Yoke
and statistical process control. In other words, the more
powerful techniques are less commonly used in these
organisations.

The companies practising Six Sigma were asked about
the financial benefits from Six Sigma projects. The analysis of
the results showed that 75 per cent of the companies have
gained financial benefits (i.e. more than £100,000 per
annum) as a result of Six Sigma implementation. It was also
interesting to note that 17 per cent of the companies do not
estimate the savings from Six Sigma projects. These
companies were selecting projects based on issues with no
impact on the business goals or strategies.

Analysis of key ingredients for success of Six
Sigma program from pilot survey

In this research project, the Cronbach’s alpha test was carried
out because it is most widely and commonly used in the
internal reliability for a set of questions. Generally, an alpha of
0.60 or higher is thought to indicate an acceptable level of
internal consistency (Black and Porter, 1996). All the factors in



Figure 2 — Tools and techniques in companies practising Six Sigma
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the survey instrument have a Cronbach alpha coefficient of
above 0.6. The alpha coefficients were also improved for
some factors (e.g. cultural change, training, etc.) by the
elimination of uncorrelated variables. Content validity,
construct validity and criterion-related validity tests were also
performed on the survey instrument (Badri et al., 1995). The
results of each test were satisfactory. The respondents were
asked to rank the 11 factors according to a five-point Likert
scale (1 = least important, 2 = less important, 3 = important,
4 = very important and 5 = crucial). The scores were added
together and then divided by the number of observations per
factor to determine the mean score of each factor. Figure 3
illustrates the mean scores of each factor, the higher the
score, the greater the importance of the factor.

It can be seen from Figure 3 that four factors F1, F5, F6 and
F9 have mean scores more than 4. These factors are
management involvement and commitment, linking Six
Sigma to customers, linking Six Sigma to business strategy
and understanding of Six Sigma methodology respectively.
Factors F2 (organisation infrastructure) and F11 (project
prioritisation and selection) were also regarded to be very
important as the mean scores of these two factors are very
close to 4. Table | presents the ranking of the 11 key
ingredients in ascending order.

It was not surprising that management commitment and
involvement has been identified as the most important
ingredient (or factor) as most authors of Six Sigma (Eckes,
2000; Harry and Schroeder, 2000; Pande et al., 2000) agree
with this. This finding would support the key ingredients of
other quality initiatives such as BPR and TQM (Dale, 1994;
Al-Mashari and Zairi, 1999). The results of the analysis have
also revealed that many Six Sigma projects are selected

based on their impact on business performance, profitability
and customer satisfaction. The ingredients which are ranked
low in this survey are F8, F4 and F7 (i.e. linking Six Sigma to
suppliers, training and linking Six Sigma to employees). It is
important to note that these ingredients (or factors), although
ranked low, are still considered as important drivers of Six
Sigma programs in organisations. In the UK industry, training
on Six Sigma is not extensive or limited, due to inadequate
budget and probably lack of understanding of the benefits of
Six Sigma among top management personnel.

Conclusions and directions for further research
Six Sigma has been considered as a strategic approach to
improve business profitability and achieve operational
excellence through the effective application of both statistical
and non-statistical tools/techniques. This paper presents the
key ingredients for the effective introduction and
implementation of Six Sigma program in organisations.
These CSFs were then tested in the UK organisations in the
form of a pilot study. From the analysis, it was found that
“management commitment and involvement” is the most
important ingredient and “linking Six Sigma to employees
(human resources)” is the least important ingredient for the
Six Sigma program. The results of the key ingredients in
descending order of importance are arranged in the
following manner:

(1) Management commitment and involvement.

(2) Understanding of Six Sigma methodology, tools and

techniques.

(3) Linking Six Sigma to business strategy.

(4) Linking Six Sigma to customers.

(5) Project selection, reviews and tracking.
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Figure 3 — Key ingredients from the analysis of pilot study

Key Ingredients Prioritization
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Table | — Ranking analysis of key ingredients

for Six Sigma program from the pilot study

Factor Standard
Ranking number Factor Average deviation
1 F1 Managing involvement
and commitment 4.3 0.6749
2 F9 Understanding of Six
Sigma methodology 4.2 0.6726
3 F6 Linking it to a business
strategy 4.1 0.8403
4 ES| Linking it to customers 4.1 0.8973
5 F11 Project prioritization
and selection 3.9 0.7906
6 F2 Organisational
infrastructure 3.9 0.9992
7 F3 Cultural change 3.6 0.8842
8 F10 Project management
skills 3.6 0.9413
9 F8 Linking it to suppliers 3.5 1.1536
10 F4 Training 3.4 0.8012
11 F7 Linking it to employees 3.1 0.8853

6) Organisational infrastructure.

7) Cultural change.

8) Project management skills.

9) Linking Six Sigma to suppliers.

0) Training.

1) Linking Six Sigma to employees (human resources).
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This research project was conducted with some boundaries
such as the number of companies, available resources, areas
of industry, etc. For further research, studies with more
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available resources and involvement of more companies from
different sectors shall be taken into account. Owing to the time
limitation, a postal survey was carried out for this research.
According to Gillham (2000), the scaled questions have
disadvantages because respondents often do not use the
whole scale, whatever response they tick, we do not know why
a particular response was chosen. It would therefore be ideal if
semi-structured interviews could also be conducted in
organisations, as it would enable us to have a deeper
understanding of the Six Sigma practices in the UK
organisations. The survey described in the paper was targeted
for large multi-national companies and no small and medium
enterprises (SMEs) were included in the study. Therefore it is
quite important to understand the tools and techniques SMEs
use within the Six Sigma approach for quality improvement.
Moreover, it is important to answer the question of how Six
Sigma is useful for SMEs and what ingredients will make the
application of Six Sigma principles successful within SMEs. m
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