Sheffield
Hallam
University



http://shura.shu.ac.uk/information.html

Development of an integrated quality = management
Framework for manufacturing organisations

Mohamed Khamkham

A thesis submitted in partial fulfilment of the requirements of
Sheffield Hallam University for the degree of Doctor of

Philosophy

October 2017






Acknowledgements

J)LUVW RI DOO , ZRXOG OLNH WR H[SUHVV P\ VLQFHU
greatness for the gift of life, for His blessings and for giving me the health and
strength to finish this work.

Secondly, | am wholeheartedly thankful to my supervisor, Prof Sameh Saad, for
his guidance and continuous encouragement throughout the research. | am
grateful and speechless for his invaluable support and dedication.

I would like also to extend my gratitude to those who participated in the
guestionnaire surveys resulting in its high response rate. Without their valuable
contributions, this research would not be accurate.

My profound gratitude also goes to my brother and friend, Sulieman Agela, who
had offered me this opportunity to study PhD in the United Kingdom.

I would like to acknowledge and pray for the spirit of my brother Mousa who had
offered me this opportunity to complete may postgraduate study, and the spirit
of my father who was the last words to me pray every success in this journey
and also the spirit of my mother who was pried to me with every reconcile.

| owe my sincerest thanks and gratitude to my wife, who in addition to her
continued encouragement and understanding took the load of the children,
home (and me) and provided an environment that, allowed me minimal
disruption in order to finish this study successfully.

Finally, 1 would like to thank the most beloved people in my life, my kind
brothers, for their continuous care and support. | am also grateful to my

adorable sisters, for their kindness and support.



List of abbreviations:

AHP: Analytic Hierarchy Process

ASQ: American Society for Quality

ARMI model: (Approve, Resources, Member, Interested, Interested party)
COPQ: Cost of Poor Quality

CP: Process Capability Potential

CPk: Process Capability Actual

CSFs: Critical Success Factors

CTC: Critical To Cost

CTQ: Critical, To, Quality

CTS: Critical To Schedule

DFSS: Design for Six-Sigma

DMAIC: Define, Measure, Analyse, Improve and Control
DMDIV: Define, Measure, Design, Improve and Verify
DOE: Design of Experiment

DPMO: Defect per Million Opportunity

DPU: Defect per Unit

EFA: Exploratory Factor Analysis

FA: Factor Analysis

FMEA: Failure Mode Effect and Analysis

GRPI checklist: (Group, Resources, Process, Interpersonal Relations)

IQM: Integration Quality Management

IQM-FW: Integrated Quality Management Framework
ISO: International Organisation for Standardization
KIP: Key Indicator Performance

LSS: Lean Six-Sigma

LSS-M: Lean Six-Sigma Integrated Model

OEE: Overall Evaluation Effectiveness



PCA: Process Capability Analysis

PDCA: Plan, Do, Check and Act

QCC: Quality Control Circle

QFD: Quality Function Deployment

QIT: Quality Improvement Team

ROI: Return on Investment

RPN: Risk Priority Number

RTY: Rolled Throughput Yield

SIPOC: Supplier Input Process Output Customer
SPC: Statistical Process Control

SPSS: Statistical Package for Social Science
SS: Six-Sigma

SS-TQM: Six-Sigma TQM integrated Model
SUF: Single Unite Flow

TPM: Total Productive Maintenance

TQM: Total Quality Management

VOB: Voice of Business

VOC: Voce of Customer

VOP: Voice of Process

VSM: Value Stream Mapping

QMMs: Quality Management Methods



Publications from the Thesis

Saad, M.S. and Khamkham, M. (2016),"Development of Lean Six-Sigma
conceptual implementation model for manufacturing organisations”, Proceeding
of the 14™ International Conference on Manufacturing Research, incorporating
the 31st National Conference on Manufacturing Research, September 6-8,
2016, Loughborough University, UK, Vol 3, pp. 497-502.

Saad, M.S. and Khamkham, M. (2016). "A conceptual model for successful

implementation of lean Six-Sigma for manufacturing organisations".

International Journal of Lean Six Sigma.

Saad, M.S. and Khamkham, M. (2017), "Development of a business excellence
conceptual model for manufacturing organization - A Six-Sigma and TQM
integrated approach”. Proceeding of the 15™ International Conference on
Manufacturing Research, incorporating the 32st National Conference on
Manufacturing Research, September 5-7, 2017, Greenwich university London
UK

Saad, M.S. and Khamkham, M. (2017) "A multi-criteria decision-making for
evaluating integrated quality-management performance”. International Journal

of Quality & Reliability Management.



Abstract

During the last couple of decade's operation management methods such as
Six-Sigma, Lean Manufacturing and TQM have been implemented by many
organizations to facilitate the production lines and to improving the operation
performance. However, none of these models able to solve all organisation
problems when implemented alone, whereas integrated management models
such as Lean Six-Sigma, have been empowered organisations to exceed the
improvement rates and achieves competitive advantage. The aim of this
research study is to develop an integrated quality management framework,
consists of two models which are; Lean Six-Sigma integrated model and Six-
Sigma TQM integrated model, to help manufacturing organisations to eliminate

the quality issues and to improve and modernize quality system.

The study explores the literature pertinent to the topic, in order to identify the
key drivers that are required to develop the proposed models and the
framework. The study adopted a quantitative approach method for developing
and validating the proposed models and the framework. Initially, Questionnaire
surveys were conducted for the validation of the proposed models, the models
were endorsed by a significant number of industrialists, quality professionals
and academics from various manufacturing organisations. The models were
integrated together and, therefore, the key drivers for developing the framework
were identified. Furthermore, a multi-criteria decision-making method (AHP)
was applied to evaluate and prioritise the key components of the framework.
Based on an (AHP) evaluation the framework is designed and its
implementation procedures were developed. The questionnaire survey was
designed and conducted for the purpose of validating the framework and its

implementation procedures.

The key findings of this study clearly demonstrated that the development of the
proposed models and the framework should enable manufacturing

organisations to achieve their desired objectives effectively.

Finally, the proposed framework and the integrated models were designed to
provide impetus and guidance for manufacturing organisations in order to
achieve significant improvement in the manufacturing organisations'

performance and, as such, make a key contribution to academic knowledge.
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Chapter One Introduction

Chapter One:

Introduction

1.1. Introduction
The thesis in this introductory chapter presents the context for this research; it

starts with a brief background to the research and then states the aim and the
objectives of the research. In the final section, there is an outline of the structure

of the theses.

1.2. Background

Quality managers nowadays are usually overstrained to identify the proper
method for achieving the quality goals in their organisations. However, many
manufacturing organisations, particularly in the developing countries, are facing
many challenges with respect to improving the level of quality compared with
competitors Porter and Yegin (2006). In this regard, (Triki et al., 2006) stated
that such organisations often suffer from a lack of quality experience and
absence of a systematic approach towards organisation management.

Therefore, quality managers have been involved recently to determine the most
effective methodology for achieving goals concerning quality (Harmon, 2010)
also, Johannes (2013) stated that organisations can combine quality methods
and use it in parallel since synergies between quality management methods
exist. However, Johannsen (2011) clarified that integration becomes a means
for employing different quality methods and, therefore, can lead to value-
creating synergies. (Andersson et al., 2006) said integrated quality

management method is a method used to overcome weaknesses from the
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guality system. Thus, in response to those challenges that quality managers are
facing, integration quality management concept can bridge this gap and
overcome quality management problems and put the quality system of
manufacturing organisation in place more effectively. (Johannes, 2013) argued
that integrated quality management methods would be the key development in
WRGD\YfV EXVLQHVY HQYLURQPHQW 7KHUHIRUH

an integrated approach according to Antony (2009) stated that many academics
and practitioners agreed that Six-Sigma is one of the superior quality initiatives
in terms of decreasing the defects and variations of the system. Demast (2004)
declares that Six-Sigma is the greatest complete strategy. Yang (2012) argues
that TQM is also classified as one of the best initiatives in terms of continuous
improvement and quality commitment with Cheng (2008) confirming that TQM is

the prime component of Six-Sigma.

Reichhart and Holweg, (2007) suggested that Lean manufacturing is another
effective method for simplifying the production lines and achieving the process
performance, though, Lean is also focused on achieving cost reduction through
the elimination of waste and fully utilise the workers' capabilities.

Finally, many critical factors of Six-Sigma, Lean and TQM can lead to the
formulation of a successful quality management framework (Andersson, 2006).
Therefore, this research focuses to develop an integrated quality management
framework to provide inputs and guides for the manufacturing organisation in
order to achieve effective improvement performance and sustainable

improvement

19
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1.3. Research gquestions
The general question:

How can manufacturing organisations develop and implement a quality
management framework which reaches its full potential through the use of a
manufacturing philosophy and quality management initiatives?

The sub-questions are all connected to the overall question:

X  What are the successful production methods and quality management
initiatives that can lead to developing an effective integrated quality
management framework? And how can be used together?

X  What is a powerful model that can be used to improve the manufacturing
processes and how it can be developed and validated?

X What is the superior model that can be used for enhancing and unifying
the quality management system of manufacturing organisations? And how
can be developed and validated?

X  What are the main factors that can lead to combining the models selected
above in order to develop the integrated framework and how can be

implemented and validated?

1.4. Research aim

The research programme aims to develop an integrated quality management
framework for manufacturing organisations in order to eliminate the quality
critical issues and make the quality system in place more effective for the

organisations.
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1.5. Research objectives

1.

To carry out a comprehensive literature review to establish current

knowledge and identify research gaps.

. To identify the key drivers that can lead to a successful development of a

quality management framework, which consists of two models namely; Lean

and Six-Sigma integrated model and TQM and Six-Sigma integrated model.

. To develop and validate Lean and Six-Sigma integrated model to improve the

processes in manufacturing organisations.

. To develop and validate TQM and Six-Sigma integrated model to unify the

management system and achieve business excellence in a manufacturing

organisation.

. To identify the key drivers that can lead to a successful integration between

Lean Six-Sigma model and Six-Sigma TQM model developed above to
produce a robust quality management system for manufacturing

organisations.

. To develop and validate an appropriate framework by integrating Lean Six-

Sigma model and Six-Sigma TQM model for the manufacturing companies to

improve and modernise the quality system.

. To identify the critical success factors that lead to a successful

implementation of the tools and techniques of TQM, Lean manufacturing and

Six-Sigma Methods in an integrated fashion.

. To develop and validate an implementation procedure for the proposed

framework.
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1.6. Overview of the thesis

The thesis is organised into nine chapters relating to various research

objectives and the adopted research design as follows:

Chapter One: Introduction

This chapter provides an introduction to the research study, research questions,
aims and objectives, and an overview of the thesis structure and summary of
the chapter.

Chapter Two: Literature review

The chapter provides a comprehensive review of the literature on the following
topics;

1. Introduction to quality management;

2. Quality management methods tools and techniques and the differences

between them:;
3. The Six-Sigma initiative;
4. Lean manufacturing;
5. The differences and similarities between Six-Sigma and Lean;
6. The TQM method;
7. The differences and similarity between Six-Sigma and TQM,;

8. The integrated approach in quality management, existing integration
approaches, methods and techniques often being integrated and how

methods and techniques are being integrated;
9. The project motivation for integrating Six-Sigma and Lean
10. The project motivation for integrating Six-sigma and TQM,;

11.The critical success factors for the usage of each method mentioned

above and

12.The relationship between the proposed methods.
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Chapter Three: This chapter provides an introduction to the research
methodology, then it presents an overview of the research philosophy, research
approach and research techniques. Additionally, it outlines the common
research design and strategy employed in the study, after that it provides, in
detail, the selection of the research strategy and the necessary analytical tools
and techniques that have been adopted for validating the research. Finally, it

concludes with a summary of the chapter.

Chapter Four: Development and validating of LSS integrated model

This chapter illustrates the requirements for integrating Lean and Six-Sigma,
then listing the CSFs for successful implementation of LSS. The chapter
presents the development of LSS model and identifies the main component of
the model and its implementation steps. In addition, it provides the required
methodology for validating the model, the results of data analysis and, finally, it
concludes with a comprehensive discussion and draws conclusions on the
chapter.

Chapter Five: Development and validating SS  -TQM integrated model

This chapter illustrates how Six-Sigma and TQM are integrated, then it outlines
the critical components of both Six-Sigma and TQM implementations which can
assist in identifying the main components of the proposed model, the chapter
also provides a brief discussion about business excellence in quality
management and provides a strategic plan for developing the proposed model.
Moreover, it lists the CSFs for successful implementation of SS-TQM model.
The chapter presents the development of SS-TQM model and comprehensively
states the main component of the model and the steps for its implementation. In

addition, it provides the required procedures undertaken for validating the model,
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the results of data analysis and the final discussion are included at the end of
the chapter. Finally, the study concluded with brief conclusions on the chapter.
Chapter Six: ldentifying and evaluating the key drivers for development of

the proposed framework

The chapter demonstrated how LSS model can be integrated with SS-TQM
model and shows how the key drivers for developing the proposed framework
were identified. It also provides brief discussion about AHP as a means for
assessing the key drivers of the proposed framework, then it presents the
development of AHP model for evaluating and prioritising the key components
of the framework, hence the required steps for validating the model which are

elaborated on, in detail, at the end of the chapter, concluding with a discussion.

Chapter Seven: Development an integrated quality management

framework for manufacturing organisatio  ns

The chapter provides in-depth information on the development of the proposed
framework, the main components of the framework and procedures for its
implementation; it includes the mechanism of the framework for attaining high-
quality performance and business excellence within manufacturing

organisations.

Chapter Eight: Validation of the proposed framework

This chapter discusses the main procedures that were undertaken for validating
the framework, the data collection and the main steps of data analysis which
are clarified. The results of data analysis are performed using SPSS-23 and are
provided in this chapter, the validity and reliability analysis used for validating
the framework and its implementation procedures are provided with an

adequacy discussion following.
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Chapter Nine: T he final chapter includes; overall conclusions about the key
research findings, some recommendations with the research limitations for

further study highlighted. Finally, the contribution to knowledge is presented.
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Chapter One: Introduction

2.1. Introduction to Quality management

Quality is a management philosophy developed over decades based on three
interrelated approaches which incorporate; business strategy, methodology,
tools and techniques. Many authors contributed to the development of that
philosophy including Deming, Juran, Ishikawa, Crosby, Shewhart, and
Feigenbaum (Juran, 1999). The key role of quality management is to identify
the opportunities for improvement within processes, products, and services in
order to accomplish high performance in operations and, thereby, satisfy
customer requirements (Vive (2005). As such, quality management has gained
considerable attention in the last three decades in order to enable organisations
to meet the required demand, satisfy customer needs and achieve competitive
advantages.

Therefore, many quality management methods have been developed such as
TQM, Six-Sigma and Lean manufacturing to facilitate the operation system and
achieve high-quality performance for manufacturing and services organisations
(Bhuiyan and Baghel, 2005). However, the literature shows that none of these
approaches is able to solve all of the quality issues for organisations when
adopted alone, whereas a hybrid model, such as LSS, is able to exceed the
improvement rates and achieve an excellence performance (Antony, 2009).
Consequently, integrated quality management methods become the new
effective quality management system in terms of attaining high-quality

performance and sustainable improvements (Antony, 2009; Johannes, 2013)
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2.1.1. Definition and concept of Quality management

Quality is a subjective term; each quality authors has own definition; however,
all definitions in the literature has the same objectives, the common definitions
of quality according to the quality gurus are;

S1IROQDXOW\ VA\VWHPV”™ "HPLQJ

3)LWQHVV IRU XVH™ -XUDQ

$QG &RQIRUPDQFH WR UHTXLUHPHQWYV" &URVE\
(Deming, 2000; and Crosby, 1992) stated that quality in technical usage can
have two meanings; one the attributes, features, functions of product or
services that are applicable to satisfy the required needs of the customer, the
other is product and services free of errors, defects and any deficiencies. Juran
(1999,) further defined the meaning of quality overall as freedom of deficiencies
which means that a product, service and the whole processes are required to
be free of errors, defects and waste. In this sense, quality is the scope of an
organisation to achieve its main goals. In addition (Juran, 1999) stated high
quality enables companies to achieve customer satisfaction, meet product
scalable and achieve competitive advantage, to increase market share and
increase income. In order to achieve high quality, firms must be controlled the

following factors;

X Reduce the error rate;

x Decrease the rework;

x Avoid or decrease the field failures;
X Reduce customer dissatisfaction and

X Improve delivery performance.
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2.1.2. Quality management methods, tools and techniques

De Mast (2004.pp199) defined quality methods suggesting; "improvement
strategy comprises a coherent series of concepts, steps, methodological rules
and tools that guide a quality professional in bringing the quality of a process or
product to unprecedented levels (breakthrough)". The most common quality
management methods developed and implemented in practice for over decades
are; TQM, Six-Sigma and ISO. However, quality management tools and
techniques are integrated means used for assessing the quality issues and
monitoring the operation performance, the quality tool is a device that has a
clear role and narrow usage, whereas quality technique has a wider application
(Mcquater, et, al., 1995; Johannes, 2013). According to (Mcquater, et, al., 1995)
classified the tools and techniques based on its applications and functions as
following;

Examples of tools

x Cause and effect diagrams;

x Pareto analysis;

x Control charts;

x Histograms and

x Flowcharts..etc.

Examples of techniques

x Statistical process control(SPC);

x Quality function deployment (QFD);
x Design of experiments and

x Benchmarking.
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2.1.3. The importance of quality tools and techniques

Quality tools and techniques play an important role in terms of guiding an
organisation in achieving continuous improvement, Mcquater et al., (1995)
summarised the importance of quality tools and techniques in the manufacturing
process as follows:

x For the evaluation and monitoring the process and product;

x For the Involvement of teamwork in the improvement process;

X To solve problems easily;

X To help for sustaining continuous improvement;

x To reinforce staff through problem-solving and

x To improve the daily activity business process.

2.2. Six-Sigma Initiative

Six-Sigma is a management system based on statistical thinking developed by
Motorola in 1986, the main aim of Six-Sigma is to improve the quality output,
through reducing the variation in process and eliminating the defects in the
products as low as 3.4 parts per Million opportunities (PPMO) (Henderson and
Evans, 2000). Six-Sigma is a business improvement approach which focuses
on customer satisfaction, cycle time reduction and cost saving, it seeks to
eliminate the causes, errors, defects in both services and process (Keller, 2011).
In addition, it is a rigorous discipline based on data-driven, focused and highly
effective implementation using a set of statistical tools and techniques

(Henderson and Evans, J. R., 2000).
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2.2.1. What does Six -sigma mean?

Sigma (%) is a Greek letter used by statisticians for measuring the variability;
however, (%) also refers to the standard deviation measure, Six (6) is a number
refers to the number of the standard deviation on either side of the process
mean, where, in statistical science, the normal distribution for any sample data
comprises six standard deviations (Mehrjerdi, 2004). In addition, Mehrjerdi
(2011) stated that a Sigma level indicates the number of defects that are likely
to have occurred; however, the higher the Sigma level indicated that the
process attained the fewer the defects. Therefore, the Sigma process
corresponds with the defects level which must be 3.4 defects per million
opportunities (DPMO) or less based on the Six-Sigma target; table (2.1)
demonstrates the Sigma level corresponded with the DPMO and the expected

yield for each level.

Table 2. 1. Sigma levels, DPMO and Yield of process (Pyzdek et al., 2014)

Yield of process (%) DPMO Sigma level
68.26 690 000 1.0
95.46 308 000 2.0
99.74 66 8000 3.0
99.9936 6 210 4.0
99.99994 320 5.0
99.9999996 3.4 6.0

Six-Sigma is several packages of statistic metrics and management strategies
integrated as a rigours discipline which can be divided into three parts; Strategy,

Methodology and Metrics (tools and techniques) (Snee and Hoerl, 2005).
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2.2.2. Six-Sigma strategy

Snee and Hoerl (2005); Henderson and Evans (2000), Yang (2012) stated that
the ultimate goal of Six-Sigma is to enable organisations to deliver the greatest
value to the customer and employees; therefore, the key strategy of Six-Sigma

are:

Customer focus ; means to understand the customer requirements proactively
and to take proper actions to fully meet the customer needs which is defined
and determined using CTQ techniques or QFD.

Reduce variation; the manufacturing and services process should be set up to
produce no much variation in order to meet customer needs. The set of
statistical and quality tools that are employed to control the variation within the
process

Reduce defects; the products and services must be produced or delivered free
of defects or maximum 3.4 DPMO.

Centred around the target; the focus is to produce superior results and to

obtain an unprecedented level of improvement (Six-Sigma breakthrough).

2.2.3. Six-sigma methodology

(Seen and Hoerl, 2005; Andersson et, al., 2006; Henderson and Evans .2000;
Kumar and  Sosnoski, 2009)stated that Six-Sigma including two main
methodologies. DMAIC is the process improvement of Six-Sigma used for
improving the existing process, DAMDV is the other Six-Sigma methodology
used for developing and design new products or processes, these
methodologies are considered the roadmap of Six-Sigma deployment. Both
methodologies are integrated with statistical tools and techniques. However,
this study is focused more on the DAMIC process.
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DMAIC; stand for; Define, Measure, Analysis, Improve and Control.

DMAIC is considered the most powerful process of Six-Sigma in terms of problem-
solving, within existing process, where the power of DMAIC comes from the
effectiveness of the five phases: define, measure, analyse, improve and control.

The function and the mechanism of these steps are described in figure (2.1) below:

DMAIC
phases

/How can we start the processand what are priorities?
X Customer requirements and expectations
Define X Project goalsand boundaries
X Process by mapping
\X Business flow

/How the processis measured and how isit performing?
X Gather information (data collection) about the current situations

Measure X Compare data to determine the errors and defects

x

Assess the defects that generated
\X Identify the area of problem

N

How can we identify the causes of defects?

Analysis )| sstudy the stage of quality effort to identify the root cause of the problems
»Evaluate the important cause of defects
Xdentify the main variablesthat are most likely makethe processvariation

S

e How can we remove the causes of the defects?
Customer requirements and expectations

Project goals and boundaries

Process by mapping

Business flow

-/

\\ /><><><><

How can we maintain the improvement?

Control X Verify the key variables and evaluate their effects

X Modify the process variation to stay within the average

A&

AN N

Figure 2. 1. Phases of DMAIC adopted from Henderson and Evans (2000)
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DMADV; stand for Define, Measure, Analyse, Design and Verify

DMADYV is the second methodology of Six-Sigma focussed on improvement and
is similar to the DAMIC phases; however, DMADV includes two different
phases: verifying and design. DMADV is an improvement process that is
basically used to organise the process, or to develop, or design a new product.
It aims to obtain more accurate and effective findings and to achieve high-
quality performance free of deficiencies as well as to guarantee the incremental
improvement in the system. Seen and Hoerl (2005) stated that General Electric
company (GE) corporation developed the DMADV roadmap for the design of
projects which is termed Design For Six-Sigma (DFSS) and since that time it
has become the second methodology for design new product of Six-Sigma. The

DMADY process contains the five steps demonstrated in the table (2. 2) below:

Table 2. 2 The DAMDV methodology adopted from Mehrjerdi (2011)

DMADV Purpose

Phases

Define Identifying the customer requirements and the project goals

Measure Determine the characteristics and the specifications to fulfil
WKH FXVWRPHUYV QHHGYV

Analyse Evaluate the product design to satisfy the customer needs

Design Simplify the details of the product or process to fulfil the

customer needs

Verify Validate the system ability and the design performance to

YHULI\ WKH GHVLJQYV FDSDELOLW\ DQ

2.2.4. Six-Sigma tools and techniques

The Six-Sigma initiative focuses on using the quantitative data, along with
process thinking to identify the variation in the process through the use of
statistical tools and techniques (Markarian, 2004). In response to that

(Henderson and Evans, 2000; Pande, et al., 2000) stated that, based on their
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experience of General Electric company (GE) in Six-Sigma, the projects who
intend to implement Six-Sigma should be armed with three group of tools; Team
tools, Process tools and Statistics tools. All of these tools can provide the Six-
Sigma team and leadership with the required skills to run the projects, these
tools support leaders in terms of establishing the project team and sustain it.

The following is a comprehensive list of the commonly-used Six-Sigma tools

and techniques classified by Henderson and Evans (2000):

Table 2. 3 Six-Sigma Tools and Techniques

Team Tools

Process tools

Statistical tools

Action workouts

ARMI model (Approve,
Resources, Member,
Interested, Interested
party)

Critical success factors
GRPI checklist (Group,
Resources, Process,

Interpersonal Relations)

Action workouts
Brainstorming

CTQ

Fishbone diagram
Pareto analysis

Process mapping
SIPOC (suppliers,
inputs, process, outputs,

custom)

One sample t-test

Two sample t-test
ANOVA

Box and whisker plot
Chi-square test

F-test

Normal probability chart;
to identify unstable and
stable operation

In/out frame
Includes/excludes chart
Responsibility grid
Threat vs opportunity

matrix

Statistical tools

The statistical tools with Six-Sigma method are considered the driving force for
process improvement in Six-Sigma; therefore, teamwork is supported by special
training, due to which, the process can be improved by using those tools for

identifying the potential causes of variation and then reducing variation and
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defects. Consequently, as it can be seen from the table 2.3 the eight statistical

tools are the most frequently applied in practice (Henderson and Evans, 2000).

2.2.5. Six-Sigma and statistical thinking

Seen and Hoerl (2005) and Seow and Antony (2004) stated that the key driver
of Six-Sigma is to reduce the negative effects of process variation in two ways:
either by shifting the process variation to the desired target level or by reducing
the variation to around the process average. The result in both methods is to
obtain the minimal variation at the right average level; this is basically the key
successful driver for achieving the process performance in Six-Sigma; in short,
the best way to deal with the process variation is to use many statistics tools,
where the concept of statistical methods is to identify, measure and understand
the variation. On the other hand, statistical methods are based on the facts,
figures and data analysis, means, and decision-making which is driven by facts
and based on data. This is the key mechanism of Six-Sigma for eliminating the

defects and improve the process.

2.3. The Lean Manufacturing Approach

Due to the crises that faced the Japanese manufacturing after the Second
World War which disabled the Japanese market and significantly damaged
Japanese manufacturing. As a result, the increase in the rate of redundancy
and the decrease in the size and the value of the Japanese products in the
worldwide market forced the Japanese manufacturer to seek a systematic
approach to modernise the manufacturing system and to improve the value of
products (Drohomeretski et al., 2013). Subsequently, Lean manufacturing

emerged as manufacturing philosophy focused on eliminating all kind of wastes
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and smoothing the production flow, Lean was developed by the Toyota
Corporation based on the framework of Ford's mass production and the
available contributions to operation strategy made by industrialists of that time.
Lean was originally called Toyota production system (TPS) and, over the years,
evolved to just-in-time technique and, ultimately, becomes known as Lean
manufacturing, this philosophy enables manufacturing organisations to reduce
the production lead time and save a number of resources by producing the
required products based on the customer demand (Reichhart and Holweg,

2007).

2.3.1. The concept of Lean manufacturing

Lean manufacturing is defined as a manufacturing philosophy aiming to
eliminate the waste in the operation process and decreasing the number of
resources that are required to perform the manufacturing activities within
organisations (Papadopoulou and Ozbayrak, 2005). The technical definition of
Lean is the identification and removal of all none value-added activities. Lean
manufacturing is based on two concepts; firstly, to achieve cost reduction
through the elimination of waste and, secondly, to fully utilise the workers'
capabilities (Reichhart and Holweg, 2007). Therefore, the theory presented over
the year's shows that the result achieved by Lean includes minimising human
efforts, stocks, lead time, production space and its associated cost without
compromising on quality (Staatsa et al., 2011). The main focus of lean is to
eliminate all types of waste which are specified as anything in the process that
does not add value to the process and the product, the waste identified in seven

forms:

1. Over process;
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2. Over inventory;
3. Overproduction;
4. Rework;

5. Defects;

6. Waiting and

7. Motion.

2.3.2. Principles of Lean Manufacturing

Essentially, the main focus of the Lean manufacturing is to eliminate waste,
achieve continuous workflow; ensure better performance and establish a more
effective work place employing the exact workforce, taking less time, less
equipment and less space. Womack et al., (1990); and Womack et al., (2007)

stated that Lean manufacturing can be implemented through five steps:

X Specify value

The first and the most important step in Lean is to focus on the customers and
their needs when specifying values because those values can be only defined
by the ultimate customer; this is vital step to avoid taking the wrong path when

designing or making products for customers.

x ldentify the value stream

In this stage, all the steps, process, actions and transaction of the production
line are drawn on a map (value stream mapping) from the supplier to the
customer, the aim is to evaluate and assess the current performance of the

system and identify any non-value added.

x Flow
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Once the value specified and the value stream is mapped; at this point the work
must give way to the specific products, it is important that employees mentally
get used to producing in small lots to ensure the continues flow and to avoid
having a high level of inventory in between stations and eliminate time wasted
while waiting forthH MRE 7KBVYHMROQHORZY LV WKH TXLFENHVW

raw materials to finished goods.

x Pull

In this step, the benefits of implementing the previous steps will be evident as,
instead of operating according to traditional sales forecasts, production is only
what customer requests. In this case, the company should not produce products

or services until customers place an order.

X Perfection

The perfection stage is involved in looking back at mistakes while producing
and offering products to customers and, mainly, continuing to look for a possible

way of reducing the amount of effort, time, space and eliminate wasted.

2.3.3. Lean tools and techniques

Primarily, Lean manufacturing is a method which focuses on achieving
significant improvement in the business process through the elimination of all
wastes of resources and time across the whole business process, Sharam
(2003) stated that various tools and techniques employed by Lean Operation
and every tool and technique plays a role in eliminating the waste in order to
deliver improvement in a specific area; however, Value stream mapping (VSM)
is the key strategy technique of Lean manufacturing since, the key role of this

technique is to identify the current state of the system and draw the desired
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future state of the system, (Furlan, et al., 2011). In this regard, Wilson (2009)
stated that in order to implement Lean, the common tools and techniques that

the companies must be armed with are.

Problem diagnosis techniques;  Contains the following techniques:

1. Pareto analysis.

2. Fishbone diagrams.

Quiality tools:
1. Poka-Yoke (mistake proofing).

2. Failure Mode and Effective Analysis) (FMEA).
3. Statistics process control (SPC).
Process improvement techniques:
1. 5S (Sort, Sit in order, Shine, Standardise and Sustain).
2. Single Minute Exchange Die (SMED).

3. Visual controls.

2.3.4. DMAIC methodology and Lean manufacturing

DMAIC methodology is considered to be the driving force of Six-Sigma in terms
of problem-solving and sustaining the continuous improvement in particular of
an existing process, DMAIC is the most popular Six-Sigma methodology based
on the Deming cycle (Plan, Do, Check and Act). This cycle is used to improve
existing business process (Andersson, et al. 2006). The DMAIC methodology
has five phases in its improvement cycle integrated with robust tools and
techniques to overcome the quality problems within the system to smooth the

RSHUDWLRQYV SishbhRigBK) @tFaH (2013).
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Lean manufacturing is a philosophy and strategy in which the product is based
on the customer demand, the philosophy here is that no product needs to be
produced unless demanded by the customer and, hence, the most powerful tool
associated with the pull system is the signal derived from the Kanban system
which controls the flow of the product stream. because of this, Lean
manufacturing is called a pull system or process improvement. It aims to
improve the process flow and eliminate non-value-added (Snee, 2010). Other
Lean tools such as 5S, VSM, TPM and others are related to the elimination of
waste and improving the process performance and, in doing so, obtain high-

quality output and improve the bottom line performance (Tomas, 2009).

2.3.5. The similarity and differences bet ween Six -Sigma and Lean

In order to evaluate the differences and the similarities between Six-Sigma and
Lean, it is necessary to provide definitions and concepts of both approaches.
Common definitions for each method are provided by Andersson et al. (2006).
Six-Sigma is a business process that enables the organisation to improve the
bottom line through the daily monitoring and controlling the business activities in
such a way as to eliminate the defects and minimise resources use by
employing statistical methods while increasing the customer satisfaction.

Lean manufacturing is a manufacturing philosophy and business strategy
which aims to identify and eliminate the waste and focus on continuous
improvement through smoothing the process of production, based on the
customer demand in pursuit of perfection. It can be seen that the definitions are
different, whereas, the aim and the concept are somewhat similar, where both
concepts are aimed at minimizing a number of waste resources and obtaining a

continuous improvement, customer satisfaction and the financial results.
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Dahlgaard (2006) argued that these approaches have the same origin; both of
them are based on the development of the quality management in Japan after
the second world war; however, the way of achieving the objectives for each
concept are different. Andersson et al. (2006) studied the similarity and
differences between Six-Sigma and come up with the comparison as in shown

in table 2.4 below.

Table 2. 4 The differences and similarities between Six-Sigma and Lean

manufacturing adopted from Andersson et al. (2006)

Concepts | Six-Sigma Lean manufacturing
Origin The origin is a quality evaluation by The origin is quality evaluation by
Japanese practitioners. However, Japanese practitioners and Toyota

developed by Motorola and dispersed by
General Electric in the US

Theory Reducing the defects to less than 3.4 Eliminating the waste in the process
_ DPMO by decreasing the process through flowing the product based on
(Aim) variation using effective methodologies the customer demand
Process Focusing on reducing the process Focusing on improving the flow in the
variation and improve processes process and removing all kind of
(Concept) waste
Approach Systematic, based on planning Systematic, based on planning
monitoring controlling and improvement monitoring controlling and
(Project management) improvement (Project management)
Methodologies (DMAIC Phases) Define, measure, Pull system (based on the customer
analyse, improve, or (DMDIV) demand) evaluating by value stream
mapping, flow improvement and
perfection
Tools Advanced statistical and analytical tools More Analytical tools integrated with
(The advanced tools integrated with quality tools

methodologies)

Primary effects Increasing the organisation bottom line Reducing the lead time in order to
and high financial orientation improve the flow by removing the
waste
Secondary effects | Achieving financial performance Achieves customer satisfaction by

increasing the quality and reducing
the cost of products and make the
price of the products competitive
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2.4. Total Quality Management (TQM)

Total quality management (TQM) is a philosophy and a method of optimisation
and integration of all functions of the business, it aims to achieve continuous
LPSURYHPHQW DQG VDWLVI\ FXVWRPHU QHHGV
involved in the organisation, it also covers all the business activities - staff,
process, jobs, resources and time (Powell, 1995). TQM was introduced at the
beginning of 1980 as a quality management system, particularly in
manufacturing field, many writers on quality such as Deming, Ishikawa, Crospy
and Juran have made many contributions to its development (Juran, 1995).
Mainly, TQM is not limited to manufacturing sectors; it also valid to services
sectors. TQM is about changes to management in order to improve the quality
output by focusing on three aspects: structural change, technological change
and cultural change (Boaden, 1997). In response to that Hellsten and Klefsjo
(2000) define TQM as management philosophy based on the core values of
customer focus, continuous improvement, process orientation and employees
commitment. Consequently, TQM has become one of the powerful quality

initiatives in the field of quality management.

2.4.1. TQM definition

Many authors and researchers have discussed TQM to reach a common
definition; a management philosophy that pursues to achieve continuous
improvement in the whole process in order to achieve a high quality of product
or services that are compatible with the customer requirements (Mehra et al.,
2001). Boaden (2007) believed that quality is a degree of excellence and TQM
IS a management strategy which contains the application of quantitative

methods and teamwork to improve the quality of product and services.
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2.4.2. Concept of TQM

TQOM is a quality management method by which the employees and
management involved in the continuous improvement of the manufacturing and
/or services process, TQM offers effective strategic tools and techniques to
achieve improvement in quality and in the performance of the organisation
(Mehra et al., 2001). In this regard, Hellsten and Klefsjo (2000) argued that the
techniques in TQM are methods to achieve high-quality output for example self-
assessment, process management and product design. These tools are useful
for analysing the data to support the decision-making. Therefore, TQM covers
all business aspects not only manufacturing; however, every function can be

affected and improved on (Lewis and Smith (1994).

2.4.3. Essential elements of TQM

Deming (1994) believed that TQM system aims to increase internal and external
customer satisfaction and reducing amount of resources, in this context Hellsten
and Klefsj6 (2000) pointed out that TQM is a method based on two precepts
which are planning and communication; however, Boaden (1997) discussing the
principle and practices of TQM, (ibid) declared that TQM consists of seven main

elements:

x Top management involvement and commitment; everyone involved in the
organisation goals and the customer needs; therefore, everyone should be
aware of time, process and final product output.

x Continuous improvement; TQM is not an end state, it never finishes.

x Customer focus; All staff should be aware of the core of TQM which satisfy

customer needs.
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x Competitive benchmarking; employees should seek the best and trying to
match it or exceed it.

x Employees Empowerment; teamwork has wide responsibility and authority to
improve the process and production in every aspect of the organisation.

x Team work; people in the organisation are incorporated for the purpose of
problem-solving and group ownership of the process.

x Knowledge of TQM tools; all staff must be trained in quality control and

Improvement techniques.

2.4.4. TQM strategy and organisation change

Strategy, in general, refers to identifying the vision and defining the
organisational goals along with monitoring the implementation of the process
which is the key role of the leadership. While Senge (1990) lists the key quality
of leadership as the ability to build a shared vision. Bergman and Klefsj6 (2002)
advise the strategy of TQM must be built on the management's continuous
commitment. On the other hand, TQM is considered as a comprehensive
organisation-wide change (Bon and Mustafa, 2013), thus the process change is
integrated with TQM philosophy into the organisation, and also the process
change is based on the training and developing the employees along with
changes to organisation structure, values attributes and management style. All

of these factors should be taken into consideration once TQM is implemented.

2.4.5. The similarity and differences between Six  -Sigma and TQM

Many quality authors have discussed TQM and Six-Sigma, however, Andersson
et al., (2006) stated that there are many similarity and differences between Six-

Sigma and TQM in many aspects such as origin, theory, process view,
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approach, methodologies, tools and effects. Table (2.5) shows the author

comparisons between Six-Sigma and TQM.

Table 2. 5 The similarity and differences between Six-sigma and TQM adopted

Concepts Six-sigma TQM
Origin Quality evaluation by Japanese The origin is the evaluation of
practitioners; However, developed by quality by Japanese
Motorola and dispersed by General Electric | practitioners.
in the US
Theory Reducing the defects to less than 3.4 Focusing on satisfying the
DPMO by decreasing the process variation | internal and external customers
using effective methodologies. by armed the employees with
guality management tools and
methodologies to achieve
customer satisfaction.
Process Focusing on reducing the process variation | Focusing on the improvement
and improve processes. by organising the process to
produce the customer
satisfaction.
Approach Project management. Employees commitment with

the target of the organisation.

Methodologies

(DMAIC phases) for process improvement
(DMADV) for developing new product and/
Or process.

(PDCA cycle) Problem-solving
strategy.

Tools Advanced statistical and analytical tools Analytical and statistical tools.
(The advanced tools integrated with
methodologies).
Primary Increasing the organisation bottom line and | Increase or exceed customer
effects high financial oriented. satisfaction.
Secondary Achieving financial performance. Obtains customer loyalty and
effects improves the whole

performance.

from (Andersson et al., 2006)
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2.5. Integration approach in quality management

The integration approach in quality management is a method of combining one
or more quality management methods or techniques to overcome the difficulties
in a quality system and to achieve competitive advantages. Gijo and Rao (2005)
defined integration quality management as a means of combining the
appropriate quality management methods and techniques to attain improvement
in the operation process. Bendell and Tony (2006) said that integration quality
management demands discipline when improving the business process to avoid
the weaknesses in the quality management methods. The meaning of
integration in quality management, according to Johannes (2013), is the parallel
the use of the applicable quality management methods in order to achieve
significant improvement in the business process while adding value to the

quality system.

2.5.1. The essential elements for incorporating the integrated approaches

Johannes (2013) discussed a holistic approach for integration method in quality
management, it can be seen from his study that the basic elements for
formulating the integration method in quality management comprises of five

main elements:

X The synergy between quality management methods; a stage of eliminating
the weaknesses of certain quality management methods which enables an
exchange the results between them which resulted in value added.

X Procedure model; the sequences of procedures that are taken as the basis
for modification and improvement of the quality system.

x Consistency; the consistency refers to compatibility and the harmony in the

behaviours of the methods combined and the procedure model used; it is a
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logical sequence of the activities in the procedure model which assure that
the tasks are performed and contradictions are avoided.

x Completeness; that all the component of the proposed methods must be
adequate to fulfil the integration between quality management methods which
including method elements, procedure model and the consistency in the
procedure model.

x Value adding; adding value to the quality system means that to develop the
activities of the whole process in which to improve the quality of products and

services and, hence, to satisfy the customer requirements.

2.5.2. How methods and techniques are being integrated?

Essentially, the possible approaches to integration in quality management are
either integrating methods with methods, techniques with techniques or
methods with techniques (Johannes, 2011). Therefore, the literature shows that
the common mechanism of the integrated method in quality management is
based on the possibility of the following motivations; elimination of the
weaknesses in the methods or techniques, the occurrence of synergies
between the homogeneity methods and or techniques and the prerequisite of
enhancing one method to another in the way to exchange the results (Pfeifer et
al, 2004). This view supported by Johannes (2011) who stated that elimination
of the weaknesses and the possibility of occurrence of the synergies among the

methods serves as the key trigger for the integrated approach.
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2.5.3. The key motivation for the integrated approach to quality

management

Johannes (2013) stated that there are four key motivations for integrated

approaches in quality management:

x Eliminating the existing weakness in quality management methods and
techniques. The weaknesses and the failings in the quality management
methods and techniques is a critical indication encourage for integrating with
other methods to eliminate those weaknesses and failings.

X The existence of synergies between Quality Management Methods and
Techniques; The synergies between quality management methods are
considered the backbone of the integration approach when the synergy is the
stage of exchanging the results between QMMs and techniques which result
in value added.

x One method is an existing prerequisite enhancing another one; Whatever the
weaknesses in any method are irrepairable or if it can be eliminated by
another method in a successive way, then methods or techniques need to be
integrated

x Fear of missing trends in quality management; This concern that areas of
quality management are flawed or absent can be a key factor that plays an

important role in the way to improve the process in quality management

2.5.3.1 The key drivers of the integrated approach in quality management
Despite the different ways of combining the methods or techniques; the
mechanism of the integrated method is the same Johannsen (2011) stated.

That, based on the integrated models discussed by many theories, the
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integration between quality management methods or techniques can be

incorporated by examining three stages;

x Evaluating the quality methods and techniques in terms of homogeneity.

x Deriving the synergies between quality management methods and
techniques.

x Ensuring and verifying the requirements of the integrated method are being

met (the essential elements of the integration approach).

2.5.3.1.1. Evaluating the methods and techniques for integrated readability

In this stage, quality management methods or techniques are being evaluated
based on their concepts and essential elements to identify the similarity and
differences through which it can be identified to what extent the methods or
techniques are interrelated, this view is supported by De Mast (2004) who
stated that the quality management methods can be compared based on the
following factors in order to identify its eligibility for integration (steps, rules,

concepts, tools).

2.5.3.1.2. Deriving the synergies between quality management methods

Once quality management methods or techniques are selected the second step
is to derive the synergies from the methods, where the synergy is considered
the foundation of the integrated approach. Johannes (2011); however, to
address the question of how to derive the synergies between methods or/and
techniques, adopted four factors from the literature which are frequently used to
achieve the synergies between the quality methods, these factors are
considered the key steps to incorporate the synergies and hence formulating
the integrated approach, the four steps focused to derive the synergies which

are;
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x Evaluate the weaknesses and strengths of quality management methods to
derive the synergies.

x Find out the common core concept between quality management methods to
derive synergy.

x Use the strategy of (PDCA or DMAIC) cycle to enhance the activities of other
method and to generate the procedure model.

x Use the proper quality techniques to enhance one method from another.

2.5.4. What methods and techniques are often being integrated?

According to Johannes (2011) stated that the integration between quality
management methods and techniques can be formulated by three ways;
Integrating methods with methods, integrating methods with techniques and
Integrating techniques with Techniques. Johannes (2013) stated that Lean Six-
Sigma is the most frequently integrated model discussed in the literature during
the last two decades and the results of those studies demonstrated the validity
of the integrated models. The view was supported by (Pfeifer et al., 2004;
Sharma, 2003; Shahin, 2004; Revere et al., 2004 and Clegg et al., 2010; Ehie
and Sheu, 2005) who discussed the integration of Six-Sigma and ISO 9000 as
well as Six-Sigma and Lean management. However, table 2.6 below
demonstrated the most integrated quality methods and techniques discussed in
the literature, where column one shows integrating methods with methods, two

methods with technigues and three techniques with techniques.
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Table 2. 6 The methods and techniques are often found to be integrated

throughout the literature, adapted from Johannes, (2011)

Integrated methods with methods

Integrated techniques with

Integrated methods with
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/MK 811 v ry
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Value-Analysis, an
TQM

QFD and TQM

5S, BPR, QCC (Q
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ISO and Activity-

based Costing

0

m Number of integrating

2.5.5. Project motivation for integrating the selected methods

The study in this section seeks to identify the main project motivations for

integrating Lean and Six-Sigma as an integrated model and Six-Sigma and

TQM as another integrated model, the purpose is to explore the importance of

integrating the mentioned methods and the key incentive for conducting the

integrated approach among the proposed methods. Johansson (2011) stated

that the similarity between the quality management methods is the basis of the

integration approach, the potential synergy between the proposed methods is

the trigger of the integration approach, and, finally, the compatibility to

overcome the weakness of the methods is the driving force for the success of

the integrated approach to quality management. Therefore, based on the overall

motivations for integrating quality management methods that were discussed

earlier in this study (see 2.5.3), these motivations are considered the basis of

the project motivation for integrating the proposed methods. The comparison

studies used to discuss the similarity and differences between Six-Sigma and

Lean and Six-Sigma and TQM (see 2.3.5 and 2.4.5) demonstrated the similarity
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between these approaches. The project motivations for integrating the selected

methods are summarised in the following section.

2.5.5.1. The project motivation for integrating Lean and Six -Sigma

As discussed earlier in this research, it is clear from the literature that Lean
manufacturing and Six-Sigma are the most frequently integrated methods
studied. Johannes (2011) stated that the integration between Lean and Six-
Sigma was conducted by 7 studies with the aim to improve the process and
eliminate the weaknesses of both methods, most of the studies concluded that
Six-Sigma with DMAIC methodology can serve as the key driver for process
improvement and weed out the quality issues, a view supported by Chen, Li and
Shady, (2010); Bendell (2006) Brett and Queen (2005). Therefore, both
methods are similar and each one can complete the other in many respects.
However, a number of motivations for integrating Lean and Six-Sigma can be
observed based on the similarities and differences study (discussed in 2.3.5.).
The key project motivations for integrating Lean and Six-Sigma are as follows.
In terms of the process planning and management strategy: DMAIC
technique is the key methodology that offers the opportunity for quality
improvement which can draw a robust strategy for improving the business and
operation processes using a set of tools and techniques, the view supported by
Salah et al. (2010). Andersson et al., (2006) agreed that Lean and Six-Sigma
can be used to enhance each other by using DMAIC strategy to achieve the
organisation's objectives effectively.

In terms of evaluating the process performance ; Value stream mapping
(VSM) with Lean tools and techniques combined with DMAIC strategy can
enhance the operation process and obtain high performance. Andersson et al.,

(2006); Thomas et al. (2008); Salah, (2010) agreed that value stream mapping

53



Chapter One: Introduction

(VSM) with DMAIC methodology might be used as a platform for assessing the
operation process and Six-Sigma tools and techniques which can be the right
strategy for improving the process performance.

In terms of simplifying the quality problems and sustaining continuous
improvement; Integrating Lean tools and techniques with the advanced
statistical tools of Six-Sigma can be another motivation for integrating both
methods to overcome the fears of complicity and obtaining high performance.
Tomas et al. (2008); Andersson et al. (2006) stated that companies intended to
implement LSS to develop, what can be termed, the process of quality
enhancement which must be armed with specific tools and techniques such as

Six-Sigma statistics.

In terms of the process planning
and management strategy

DMAIC technique is a robust strategy for improving
the business and achieve the objectives effectively,

The strategic focus of both methods are interrelated t
each other focusing on customer needs and continues
improvement

Tools and techniques of both methods are the process
power of enhancing the integration approach I I e

The project integrated
motivation In terms of evaluation the process approach
for performance
Y between

"Etegra“ndg DMAIC improvement strategy combine Lean and
ean an ith VSM and the other LSS tools and

. o 4 tevc\:’;lniques can create the process power SX‘nga
Six-sigma

‘ of LSS improvement

In terms of simplifying the quality
problems and sustaining
continuous improvement

w The improvement strategic of six -sigma
DMAIC eligible to modify the difficulties and to
attain sustainable improvements

Figure 2. 2. The project motivation for integrating Lean and Six-Sigma
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2.5.5.2. The project motiva tion for integrating Six -Sigma and TQM

Based on the above concept, the key motivation for integrating Six-Sigma and
TQM can be surmised into the three main motivations; the existing similarity
between Six-Sigma and TQM, the potential synergy between both methods and

the applicability of the methods to overcome its weaknesses.

The similarity between Six -Sigma and TQM ; Snee, (2010); Johansson,
(2011); Andersson et al., (2006) agreed that similarities between both methods
exist, as the objectives, concept and the methodology of the methods are
similar; where the objectives of both methods is to drive out the defects, errors
and variation in the products and use the process to satisfy customer
UHTXLUHPHQWY DQG LROSURWYN pWKHI FERRQ\FWM Bdd/afe;R1 ERW
focusing on customer needs, focusing on process and are based on premise
that the data be used to attain high operation performance and continuous
improvement, the methodology of the methods are also same where TQM
employs the PDCA technique and Six-Sigma utilises the DMAIC strategy in
which DMAIC is already developed based on the PDCA cycle.

The existence synergies between Six -Sigma and TQM; There is a
consensus among the quality authors who are concerned with integrating Six-
Sigma with TQM that the synergy between both methods exists since the
essential elements of both approaches can complement each other and
overcome the existing weakness. (Yang, 2010; Bendell, 2006; Yang et al.,
2007; Yang et al., 2011) Its methodologies are intermingled in a manner which
can provide a robust strategy for the success of the quality system and, finally,
the tools and techniques of both methods are relatively similar, which can be

worked as key drivers for eliminating the critical issues within the system.
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The cap ability of one method to be prerequisites for an other method ;
Antony (2009) discussed the difference between Six-Sigma and TQM in a panel
of Academics, experts and practitioners. The study concluded that TQM is a
method that requires enhancement in many aspects during the implementation
stage, for example, TQM used, in practice, a less efficient strategic roadmap for
obtaining better results when compared with Six-Sigma which employed DMAIC
and DMADV. Andersson and Torstensson (2006); and Klefsjo et al. (2001)
stated that Six-Sigma can embrace TQM as a way to overcome many
difficulties by combining and using strategic tools and techniques; moreover,
when Low (2001) and Ho (1996) discussed the implementation of TQM, both
studies agreed that TQM required a stepwise implementation of certain
methods and techniques to obtain better results. Therefore, Six-Sigma can be
used as the baseline when integrating with TQM and this may also be another

motivation for success.
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In terms of the similarity between
Sx-Sgma and TQM

Th_e, Aims, objectives and the concepts are similar in
which represent the bases of the integration af

The processimprovement of both methodsare

interrelated to each other focusing on continues
improvement

Tools and techniques of both methods are the process

O

power of enhancing the integration approach The
The project integrated
motivation The existence synergies between Sx- approach
for Slpssteres) U between
. . — o
integrating — Six
. . The empirical studies and the S|gma
S|X'S|gma literature shows booth methods
can be embraced each other in and TQM
and TQM the way to overcome the existing

difficulties

the applacability of one method
prerequisite for another

g The improvement strategic of six -sigma
DMAIC eligible to modify the difficulties and to

success the integration approach

|

Figure 2. 3. The project motivation between Six-Sigma and TQM

2.6. The relationship between the organization and the methods

selected

In this part of the research, the study intends to identify the relationship between
Six-Sigma, Lean and TQM and the organisation in practice. A number of studies
have provided a clear evidence and confirmed that these methods are related to
each other in many aspects and many authors indicated the benefits that can

be achieved if the methods are integrated.
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2.6.1. The relationship between the organisation and TQM

According to (Miles et al., 1978 pp547) "the organisation is both an articulated
purpose and establishes a mechanism for achieving it". Additionally, the initial
activities and the aim of the organisation are elements defined by the owners of
the organisation, whereas the strategic planning includes; a definition of the
vision, implementation of the strategy and monitoring and controlling of the
process performance are other elements associated with the management
method of the organisation. Srinidhi (1998) stated that the organisation is a set
of interlinked processes, the change of these processes is considered to be the
foundation of the improvement; Accordingly, the efficient organisations must be
armed with the effective quality management method in order to achieve
competitive advantages. (Srinidhi, 1998). Based on this concept it can be seen
that there is a direct link between TQM and the organisation. Prajogo and Sohal
(2006) found there is a positive relation between TQM and the organisation in
practice since TQM establishes a system and culture that proves fertile for the
organisation and for innovation. Srinivasu et al. (2010) determined that TQM is

integrated program permeating the entire organisation.

2.6.2. The relationship between the organisation and Six  -Sigma

Six-Sigma as quality management method offers the organisation an effective
organisational culture, where the certified experts (Master Black belts, Black
belts and Green belts) lead the improvement projects (Srinivasu et al., 2009). In
this context Kumar et al., (2008) stated that Six-Sigma provides a clear change
of tangible results in many organisations in practice, moreover, it is a powerful
method which provides DMAIC methodology that led the organisations in

practice to attain incremental improvements (Srinivasu et al., 2009). In addition,
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Cronemyr (2007) cited further benefits that Six-Sigma provides; a company-
wide strategy, an improvement program and a toolbox to deploy Six-Sigma in
the organisation, Hammer (2002, p. 32) warns: "Six-Sigma should be a part of
process management not the other way around". Based on this concept it can
be said that there is a logical and positive link between Six-Sigma and the
organisation, Cronemyr (2007, p. 55) argued that this was always an intrinsic
feature; " Six Sigma is a methodology for making breakthrough improvements, It
was never intended as a system for managing quality in an ongoing manner,
nor was it intended to define the proper criteria for world-class quality

management".

2.6.3. The relationship between the organisation and Lean manufacturing

Lean manufacturing is another method which has a significant relationship with
the organisation in practice and, in particular, in the manufacturing field, which
is focused on adding value to the system by eliminating the waste and
achieving perfection (Snee, 2010), Lean manufacturing was developed by
Toyota as a way of organising manufacturing in order to achieve improvement
in most economic ways, this can be seen in the positive relationship between
the manufacturing organisation, Lean manufacturing and process performance
(Thomas et al., 2008). Andersson et al. (2006) support, suggesting there are
many reasons for introducing the Lean concept and its tools to the organisation
as it makes a substantial contribution to cutting costs and providing competitive

advantages.

2.6.4. The relationship between the Six -Sigma and TQM

Concerning the relationship between Six-Sigma and TQM as quality

management methods, various authors agreed that TQM is useful philosophy
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for management if it is planned properly and implemented, whereas Six-Sigma
is program that seeks to decrease the defects in every product, process and
transaction by using effective tools and techniques focusing on the process
output (Black and Porter;1996, Flynn and Saladin;2006; Srinivasu et al., 2019;
Snee, 2004). In addition, Hammer (2002) stated that Six-Sigma has its rules in
TQM; while, Six-Sigma goes beyond TQM by employing the strategy of DMAIC,
on the other hand, Antony (2009) said that Six-Sigma does not depend on TQM
structure but it can empower the organisation to implement TQM. Based on this
concept, despite the number of differences between these approaches in its
strategies and methodologies, there are many related factors due to the
significant commonalities, the view can be supported by Antony (2009) that Six-
Sigma and TQM are not the same; however, there is no a critical difference

between these methods to quality management.

2.6.5. The relationship between Lean manufacturing and Six  -Sigma

Finally, it can be seen, from many studies, that Lean manufacturing and Six-
Sigma are two methods focusing on process improvement by eliminating the
waste and defects in the product and process, the aims of these concepts are
the same and the strategy of achieving their objectives are similar (Andersson
et al., 2006). Moreover, Snee (2010) stated that both Lean and Six-Sigma have
a similar concept providing tools and methodology for changing processes and
improve performance, Snee concludes that those programs can be integrated to
overcome their limitations and making improvements to a business process.
Therefore, it can be said that Lean and Six-Sigma are interrelated with each
other due to the similarity in their principles concepts and methodology

(Andersson et al., 2006). They (ibid) also identified that the five principles and

60



Chapter One: Introduction

the aim of Lean production, as well as the principles and tools behind Six-Sigma,
are embedded in the principles, concepts and tools of the holistic management
philosophy called TQM. This is another indication that Lean Manufacturing has
a positive relation with TQM initiative as both methods are focusing on process

improvement and continuous improvement.

2.7. Summary of the chapter

The chapter began with an introduction to quality management as the main
subject of the research and, then, followed by the definitions and the importance
of quality management methods and techniques which are the key components
of any quality management system. In the second part, the review conducted
above provides details including clarification about definitions, concepts,
components and the key tools and techniques of the main quality management
methods in the study; Six-Sigma, Lean manufacturing and TQM, moreover, a
comparison between the emerging quality methods provides, in detail, the
strengths and weakness of each concept and the most common distinctive
features are covered in order to clarify to what extent these methods can be
compatible with each other. The review of the literature showed that there is a
general agreement among the authors and the academics that the proposed

methods can be integrated and the synergy between them can occur.

The third part of the literature review, discussed the integrated approaches
within quality management, which is the main mechanism of this study - to
develop the proposed models and the framework - the study of the integrated

approach included; definitions of the key terms, the main elements of the
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integration method, the requirements of the integration method and the

motivations of the integration approach in quality management.

Furthermore, the review of the literature discussed in detail, the important
factors that can lead to developing the proposed models and the framework.
These included; identifying the existing integrated approach, the methods and
techniques which are often integrated, the project motivation for integrating Six-
Sigma, TQM and Lean, the CSFs for the usage of each method, in addition, the

critical relationships between the Organisation, Six-Sigma, Lean and TQM.

Finally, based on the review conducted above, the study argued that the
research intends to apply the concept of the integration of quality management
methods providing new means for developing quality management systems in
recent years. The context of the section is directly relevant to the research
questions of this thesis because it forms the cornerstone for the development of
the proposed framework and its components. The next chapter, chapter (3), will

focus on the research methodology applied in this study.
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3.1. Introduction

This chapter presents the research methodology adopted throughout the
research study, the chapter starts with an introduction to research methodology,
and it provides an overview of the research philosophy, research approach,
then the research design and strategy. Accordingly, the study provides the
selection of the research methods and techniques employed for conducting the
research. Finally, it explains the analytical procedures used for validating the

research

3.2. Introduction to research methodology

The Oxford English Dictionary Coed (2004) defines research as "the systemic
investigation into and study of materials and sources to establish facts and
reach new conclusions”. Other authors described research as systematic
procedures and organised efforts to investigate a certain problem that needs a
solution (Neuman, 2006; McNeill and Chapman, 2005; Sarantakos, 2012).
Moreover, research methodology is defined as an art developed through skills
of inquiry, experimental design, data collection, analysis and measurements
Greenfield (1996). In addition, Arbnor and Bjerke (2008) stated that it is a way
to indicate how the methods are constructed and how the framework is being
developed. Moreover, Robson and Mccartan (2016) observed that the research
strategy methods and techniques must be appropriately selected to address the

research questions.

However, research methodology comprises a humber of academic procedures
that are applied to investigate a particular area of study. Therefore, Remenyi
(1998) indicates that, whatever the methods selected, the research should be

systematic rigorous, integrated and focuses, Remenyi et al., (1998) stated that
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the essential drivers of selecting the effective research methodology include;

the topic of the research, the research questions and the available resources.

Therefore, in the research methodology model developed by Kagioglou et al.,
2000), the research methodology can be divided into three main interrelated
schemes which are; research philosophy, research approach and research

techniques as in figure 3-1 below.

Research techniques
[Literature review, Experiments,
Questionnaire Surveys, Observation, etc.

Research Approach
[Qualitative, Quantitative and Mixed Approach]

Research Philosophy
[Ontology and Bpistemology]

Figure 3. 1. A Nested Research Methodology adopted from Kagiogluo et al.
(2000)
The research philosophy constitutes the outer section of the pillar which guide

and energise the research approaches and research techniques, where the
research approaches comprise qualitative methods, quantitative methods and/
or mixed method. Research techniques including literature review, experiment

design, survey questionnaires, interview and observation.

3.2.1. Research philosophy

According to (Saunders., 2009), the research philosophy is a comprehensive
term related to the development of the knowledge and the nature of the
knowledge, essentially the research philosophy is based on assumptions which
the researcher viewing the area of being studied, these assumptions are

considered the basis of the research methods and strategy that the researcher
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selected. The view supported by Flowers (2009) who stated that when
research is undertaken the vital point is to consider different paradigms and
concerns of the research philosophy, these considerations will influence the
way in which the researcher the research is designed until the conclusion of the
study. Many authors believe that there are two main philosophical schools in
social science and engineering research; Ontology and Epistemology
(Kagioglou et al., 2000; Bryman,2004; Flowers, 2009). Each one contains
different paradigms that influence the way of thinking about the research
process including topics selection, questions formulation, methods adopted and

research design.

Bryman and Cramer (2005) clarified that Ontological philosophy is concerned
with the nature of reality, in other words, it is a way of thinking that reflects an
interpretation of an individual about constitutes a fact, the ontology philosophy is
divided into realist and relativist paradigms. The Epistemology philosophy is
concerned with possibility, nature, sources and the limitations of the knowledge,
it seeks to answer the question of how the researcher perceives its aim and
gains knowledge about it. The Epistemology philosophy comprises two main
approaches; interpretivism and positivism. Table 3.1 below summaries the main

philosophy consideration.
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Table 3.1. A summary of philosophy considerations (Bryman, 2005; Fizgerald
and Howcroft, 1998)

Ontological consideration

Realist (objectivism)

External world comprises pre-existing
hard and tangible structures.
Structures  exist independent  of
LQGLYLGXDOTV DELOL

knowledge.

Relativist (Subjectivism)

The existence of multiple realities is a
subjective construction of the mind.
Socially-transmitting terms vary across

different languages and cultures.

Epistemological considerations

Positivist
The application of natural science
methods to the study of social reality
beyond the world conforms to laws of
causation and complex issues can be

reduced through reduction.

Interpretivist

The absence of universal truth and
emphasis on the realism of context.

Understanding and interpretation come
researcher's frame of

from own

reference

The most important philosophy paradigm in such study is epistemology; in
which one paradigm is interpretivist which focuses on the development of
knowledge and the building of knowledge by generating ideas through
observation and interpretation using the qualitative approach (Love et al., 2002).
The other approach is positivist, which focuses on the development of
knowledge by investigating the reality, evaluation and observation the facts

using quantitative approach (Blumberg et al., 2005).

3.2.2. Research approaches

In order to provide an effective justification for the methods selected to conduct
the research, it is important to discuss the main approaches to managing the
research methodology (Saunders et al., 2012). The research approach is

concerned with types of methods employed to conduct the research (Blumberg
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et al., 2005). There are three common research methods; the quantitative
research method, qualitative research method and mixed research method

(Saunders et al., 2012).

3.2.2.1. Quantitative research method

Quantitative method is defined as; an inquiry into a social or human problem,
based on testing a hypothesis or a theory composed of variables, measured
with numbers, and analysed with statistical procedures in order to determine
whether the hypothesis or theory holds true Creswell (2013). The aim of the
quantitative approach is to study the relationship between different concepts or
to investigate a certain situation of a specific subject by adopting the techniques
of natural science (Saunders et al., 2009). Accordingly, the quantitative
approach is based on numerical measurements and analysis using statistical
and/or mathematical methods (ibid). The most commonly used quantitative
research is experimental research and survey research, the advantage of
quantitative methods, particularly the questionnaire survey, is that it is faster
and more economical compared with the other methods. However, using the
quantitative approach particularly in social science has been described as being

rigid and providing less detailed information (Bryman and Bell, 2003).

3.2.2.2. Qualitative research method

Qualitative methods are defined as a study or a research using a data collection
process, such as interviews, and data analysis procedures, the categorisation of
data, which produces non-numerical data, Saunders et al., (2009) stated that
the role of the qualitative method seeks to understand, in depth, the behaviour
or action of certain discipline and help to explain the reason for implementing
that action. Qualitative research is based on gathering the significant

information from a group of people or individual, who are involved in the
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relevant issue, in which the researcher is investigating (McNiell and Chapman,
2005). Mainly the data obtained through the qualitative research is categorised
into two groups of research which are; exploratory and attitudinal (Saunders et
al., 2012). Exploration is used when the research is limited in resources in the
main area hence, the interview technique is, usually, the most suitable
technique to collect the data. Attitudinal research; is used to investigate views
and perceptions towards of certain object, where the object refers to a factor,

variable or question.

3.2.2.3. Mixed method

Both methods quantitative and qualitative research methods are combined to
conduct a research, Saunders et al., (2009) stated that the research method
can be either conducted sequentially or concurrently; concurrently, means that
the research method is included from one phase of data collection and analysis,
the point of this design is to enable both of results to be interpreted together to
provide more comprehensive responses to the research questions. Furthermore,
the methods can also be used equally or un-equally dependant on the purpose
of the research; the priority varies between qualitative or quantitative method
and also depends on the preferences of the researcher or the expectation of
directors of the research or the organisation. Sequential, means that the
research conducted in more than one phase of data collection and analyses the
point that the researcher planned to expand on the findings by following one

method with another (Saunders et al., 2012).

3.3. Research design and strategy

Saunders et al., (2012) defined research design as a plan or action as to how

the study is going by answering the research questions. The guide for
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developing any research methodology is to select the suitable research strategy
that should completely address the research questions (Creswell, 2013).
Therefore, the research design starts from the research questions and provide
an appropriate strategy to deliver the research aim and objectives. Additionally,
the research strategy mainly includes; sampling, methods and data collection
techniques, additionally, analytical procedure techniques for analysing the data
collected in order to find out the research results. The sensible decision for
selecting the appropriate methodology must be taken based the purpose of the
study and answering the research questions with the available resources
(Robson and McCartan, 2016), thereby selecting the appropriate research
strategy and effective data collection technique depends on several factors and
conditions including; the research situation, the types of the research questions,
the types and size of data required, and the available resources (Yin, 2003;

Binti Kasim, 2008).

3.3.1. Selection of the research methodology and techniques

The aim of this research is to develop an integrated quality management
framework to improve and modernise the quality system within manufacturing
organisations, based on the purpose of the research, research questions and
the availability of the resource. The research methodology selected include; the
position of the research paradigm for this study is epistemological philosophy
and the research tends more to positivism (favouring the quantitative approach).
The nature of this study is to explore the insight and notion of manufacturing
organisations towards the quality management system and to identify the
effective quality system in practice. Therefore, the approach selected suits the
research questions and fulfils the research aim and objectives, Hair et al.,

(2008) stated that the key strategy of the survey is to enable the research study
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to obtain quantitative and/or qualitative data with full description and inferential
statistics provided, moreover Saunders et al.,, (2009) argue that quantitative
research method is considered a highly effective approach that can lead to

obtaining reliable and valid results. (Figure 3.2)

Research techniques
[Literature review, Questionnaire
Surveys|

Research Approach
[ Quantitative approach ]

Research Philosophy
[Epistemology]

Figure 3. 2 Selection of the research methodology

The research techniques employed in this study comprise of the literature
review and three different functions of questionnaire surveys as well as a multi-
criteria decision making technique (Analytical Hierarchy Process), (Farrell,
2011) assures the questionnaire can be considered an efficient and reliable
technique to collect the required data, which enables the researchers to gather
data from many respondents within a relatively short timeframe. Three different
questionnaires have been developed and applied to gain the practitioners and
academics insight and information to validate the proposed models and the
framework. Another questionnaire was used to collect the required data for
applying a Multi-Criteria decision-making technique (AHP) in order to evaluate

and prioritise the main components of the framework.

3.3.1.1. Literature review
/IHZLV DQG 5LWFKLH VDLG WKDW WHUP pOLWHUL

published data; these are called, in research methodology, secondary data, the
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key role of the literature is to explore the required items of secondary data
which is necessary to address the research questions, Lewis and Ritchie (2003)
listed some sources of secondary data; articles in journals, magazine,
newspaper books, reports, conference papers, located on internet. The
literature review is undertaken to address the main research questions that are
required to identify the key drivers developing the proposed models and the
framework, the main methods deeply covered in the literature review are quality
management methods, tools and techniques, Six-Sigma, Lean manufacturing,
TQM and the Integrated approach in quality management methods as well as

the CSFs of the aforementioned methods.

3.3.1.2. Questionnaire survey

Meadows (2003) stated that the key role of the questionnaire survey is that the
questions, methods and the data collected must be able to reflect the objectives
of the investigation, the purpose of the questionnaire is to translate the research
objectives into particular questions, the responses to these questions must
provide data for answering some of the research questions. Based on this
concept this study included three different questionnaires, each one designed,
with some consideration, to cover all the issues that are required to attain the
research investigations in order to achieve the research objectives, the
questionnaires in this study have been sent through a Google survey to a host
of management employees spread across different manufacturing organisations

around the globe.

What makes the questionnaire efficient and reliable?

The good questionnaire design is critical to the success of a survey. Meadows

(2003) stated that selecting the appropriate questions, design the questions in a
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coherent order, selecting the correct scales and using the right questionnaire
format are all critical points to success the survey and obtaining reliable data.
Thereby, Robson, et al. (2016) stated the key characteristic of questionnaire

design are:

X Questions should be clear, specific, short and easy to fill in.

X Questions must be aimed, coherent and motivated to provide information.
X Questions should be free of ambiguity.

X The questionnaire must have good design and layout.

X The questionnaire should respect the privacy of the respondents.

X The questionnaire must use clear and reliable scales and instruments.

3.3.1.2.1. Questionnaire 1

This questionnaire is designed and sent to the participants to collect the data in
order to verify, validate and develop the first Lean Six-Sigma integrated model
proposed for manufacturing organisation, the aim of the questionnaire is to
validate the proposed model, its suitability for manufacture within an
organisation and identifying the CSFs and barriers to successful implementation
of LSS in those organisations. The target population was selected, and the

sample size was identified to conduct the survey.

3.3.1.2.2. Questionnaire 2

This questionnaire is designed to collect data in order to verify, validate and
develop the proposed Six-Sigma TQM integrated model for manufacturing
organisations, the aim is to investigate the suitability of the proposed integrated
Six-Sigma TQM model for achieving business excellence within manufacturing
organisations. This questionnaire was designed for a different purpose; to

collect the required data from professionals and experienced employees in the
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available manufacturing organisations and from academics related to the topic.
The sample size was identified, and the survey was conducted and sent to the

respondents through electronic emails.

3.3.1.2.3. Questionnaire3

This questionnaire was designed to collect the primary data in order to verify,
validate and develop the proposed framework, the aim is to investigate the
suitability of the proposed integrated quality management framework to improve
and modernise the quality system within manufacturing organisation, the
questionnaire was designed in the form of Google survey and distributed
through emails, the participants' selection and the target population was

conducted in the same way of the previous models.

3.4. Samples selection

Sampling is a procedure or process of selecting units (managers, academics,
employees and larger organisations) from a population of interest, a sample
size essentially should be large enough to provide an appropriate number of
participants from the population in order to positively affect the results (Patton,
2005). Saunders et al., (2012) clarified that there are two types of sampling
techniques which is; probability sampling and non-probability sampling. In
general, the probability sampling is required to include a random selection, for
example, elements in the population. Non-probability does not; however, non-
probability does select the participants and their characteristics are based on
the purpose of the research, furthermore, it does not require a statistical

estimate.

The characteristics of the population selected are based on the concept above,

the sampling selection of this research is non-probability sampling and
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purposive sampling; therefore, the target population that has been chosen for all
questionnaires are quality professionals, practitioners, experts, and academics
from various manufacturing organisations and academic education. The
numbers of participants involved in this study were fair-enough to provide
adequate feedback to develop and validate the proposed models and the
framework, where the percentage of the participants in each questionnaire was
relatively high and acceptable (Saunders et al., 2009). See the research

methodology for each model and the framework.

3.5. Data collection and analysis

The data collected from each questionnaire were conducted at a different period
of time; however, the data collected in each questionnaire was reviewed for
completeness and accuracy and underwent several pre-analyses checks on the
quality of data through visual checks and data screening, see data collection
and analysis in each model and the framework, subsequently, the data was
coded and entered into SPSS for producing descriptive and inferential analysis.
Therefore, in order to provide a robust and structured analysis, the collected
data in each questionnaire was organised into three steps summarised in Table

3.2 below.
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Table 3. 2. The main steps of data analysis

Steps no Type of analysis Analysis description
1 Integrity data Measures the collected data in terms of
analysis reliability, validity and validating the proposed
model
2 Descriptive analysis Measures the tendency of the collected data

based on Likert scales: frequency tables,
figures and charts

3 Evaluating the CSFs Measures the construct validity of the CSFs
and identify the underline factors using factor

analysis

3.5.1. Integrit y data analysis

Integrity data analysis concerns the most important procedures for any research
to ensure that the data used is reliable and valid (Flick, 2009). Integrity
analysis measures the collected data in terms of reliability, validity and
validating the contents of the proposed model. Reliability is to evaluate the
accuracy of the results in terms of consistency, stability and how easily the
study can be duplicated by another individual (Field, 2009). Validity, on the
other hand, is concerned with the truthfulness or correctness of the research

findings (Afifi et al., 2014).

3.5.2. Descriptive analysis

Descriptive statistics are used to make the data collected easier and more
readily comprehensible, tables, charts, graphs and a calculation of various
descriptive measures such as the measures of central tendency (mean, mode,
median), and measures of variability (variance, standard deviation) are provided

(Field, 2009). In this study mean, percentage and the standard deviation were

76




Chapter Three: Research Methodology

used to analyse the results on the date it was collected as shown in the

following sub-sections.

3.6. Analytical procedures and validity of the research

This research, as mentioned above, is designed for being conducted through
three stages, the first stage is to develop and validate the first proposed model,
the LSS integrated model; the second stage is to develop and validate the SS-
TQM integrated model. The final stage includes two sub-stages; one applying
Multi-Criteria decision making (AHP) to prioritise and evaluate the main
components of the framework, the second sub-stage is to develop and validate

the proposed framework which is based on the integration of both models.

Therefore, the two data analysis techniques used as analytical procedures for
analysing the primary data in this study are; SPSS software and AHP technique
using Expert Choice software version 11. These techniques are, generally,
considered to be efficient and suitable techniques for interpreting and analysing
the quantitative data in the research (Saunders et al., 2012) and (Saaty,1980).

The techniques are:

3.6.1. Statistical Packages for Social science (SPSS)

SPSS is analytical and predictive software package used to analyse the
guantitative data, SPSS is one of the most utilised software for the analysis of
guantitative data, it provides various types of statistical analysis and how to
interpret data, Field (2013) stated that SPSS is a technique designed to assess
and analyse numerical data which is mostly collected through a series of

guestions in form of questionnaire. Therefore, this software is selected as a
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reliable and an effective technique for analysing the quantitative data from this

research collected in questionnairel, questionnaire2 and questionnaire3.

3.6.2. Analytical Hierarchy Process (AHP)

AHP is selected as an analytical procedure to evaluate and prioritise the
components of the proposed framework. The Analytical hierarchy process is a
multiple-criteria decision-making technique used for organising and analysing
complex decision-making (Vaidya and Kumar 2006). AHP is based on
mathematics and psychological procedures which enables the users to
categorise the priorities and make the best decision by minimising the complex
decisions, the technique relies on computing a series of pair-wise comparisons
and then analysing the results. In order to apply AHP, the questionnaire survey
is designed for the purpose of AHP to collect the required data form
professionals and academics related to the topic, the aim is to evaluate and
decide upon the strategic quality management elements that should form the

integrated quality management performance.

3.7. Pilot study

According to Collis et al. (2013) pilot studies are a crucial means to pre-test and
evaluate the questionnaire survey or the interview in terms of the contents,
clarity and the design of the questions. The aim of the pilot study is to provide
feedback to the researcher which enable detection of any ambiguity and provide
the opportunity to refine the survey, assisting in establishing the content validity

(Sauders et al., 2009), the main purpose of the pilot test is to:

x Identify whether the questionnaire is easily understood.

x Ensure that all the questions are completely clear and understandable.
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X Ensure that the rating scales are understandable.
x Determine how long it would take to complete the survey.
X Make an initial reliability and validity assessment regarding the

measurement scales.

Therefore, a pilot study had been done for each questionnaire before
distribution to ensure that the questions are free from the ambiguity and raise
the validity of the questionnaires. Three procedures have been completed to
successfully conduct the pilot study in this research; the questioners were
discussed with number of PhD students related to the topic in terms of the
clarity of questions, question contents, questionnaire layout and design, some
modifications have been made including corrections to some questions, a
shortening of the survey and a refinement to the questionnaires layout. Second,
the questionnaires were sent to some PhD and MSc students related to the
topic to assess the reaction of the participants and to estimate the time required
to complete the survey. Finally, the questionnaires were discussed and
reviewed by the director of the study in the aforementioned aspects; the
feedback received from the supervision meant the questionnaires were further

redesigned and modified.

3.8. Research validation

In order to validate and verify the framework and the findings of the research
study, a number of steps and procedures have been conducted to obtain
reliable and valid information and the knowledge to confirm the validity of the
research. According to AERA, APA, and NCME, (1999) validation refers to the
process of systematically collecting evidence to provide justification for the set

of inferences that are intended to be drawn from scores yielded by an
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instrument. Thereby, the most common measures that can provide evidence for
validating any research study are reliability and validity analysis (Flick, 2009),
Reliability is used to evaluate the accuracy of the results in the categories of
consistency, stability and how easily the study they can be duplicated by
another individual, whereas validity is concerned with the truthfulness or

correctness of the research findings (Feld and William, 2002; Afifi et al., 2014;)

3.8.1. Reliability analysis

The reliability test of an instrument is to examine its ability to obtain consistent
measurements; the internal consistencies for a set of measurements indicates
the extent to which the items are identical Field (2009). Therefore, the most
common measure of reliability for quantitative data is the Cronbach alpha index;
the test used to find the internal consistency among the instruments used in the
research, ideally Cronbach alpha should be greater than 0.7 to consider the
items being measured are consistent and reliable (Field, 2013). Therefore, this
test is used to measure whether the items and scales are free of measurement

errors Field (2009). The mathematical formula for calculating Cronbach alpha is:

AD
> A?53D

(3.2)
Where;
K= Number of items

?= The average of all covariance between the items and

"RL The average variance of each item
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Cronbach alpha test is undertaken to check the reliability of the measures used
to the evaluate LSS integrated model, SS-TQM integrated model and the

framework.

3.8.2. Validity analysis

The validity test is basically used to evaluate two main issues: to what extent
the instruments used are accurate and the extent to which they are measuring
what is supposed to measure (Flick, 2009), In general, validity testing
comprises of content, construct and criterion validity (related validity). Content
validity is not numerically evaluated but based on judgments and normally
established in the literature review; criterion validity refers to the degree a
measure is related to the outcome and construct validity refers to whether the
instruments measure what supposed be measured. (Thompson and Daniel,
1996; Yusof and Aspinwall, 2000). The most important type of validity in such
UHVHDUFK LV FRQVWUXFW YDOLGLW\ ZKHUH WKH &
framework are evaluated based on measuring the construct validity for each

factor as illustrated in the next section.

3.8.2.1. Construct validity

Thompson and Daniel (1996) stated that construct validity is a measurement
DSSURDFK WR WHVW ZKHWKHU WKH LQ Vibutds<beiiQ WV \
measured. Therefore, in order to assess whether the instrument scales
measures what they are supposed to and to identify the construct validity, the

CSFs for each model and the framework must be analysed by factor analysis.

This test is the most common test used to measure the construct validity and to
determine the appropriateness of instruments (Pallant, 2010). Moreover,

Thompson and Daniel (1996) stated that factor analysis and construct validity
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are associated with each other and in published literature considered to be

"factorial validity".

To facilitate the thesis for the reader and to avoid repetition, the statistical
measures used to examine the validity of the research instruments and the

results would be covered in this chapter.

3.8.2.2. Selection the measures of validity analysis

Two types of statistical analysis are employed in this research to evaluate the
instruments of the questionnaires and validating the finding of the research. Chi-
square Goodness of fit is employed to examine the instruments used for
evaluating the models and the framework and, hence, confirm the validation.
Factor analysis is undertaken to measure the instruments used to evaluate the
CSFs of each model and the framework. The reasons why these tools are
selected to confirm the validity of the research are discussed in the following

sections.

3.8.2.2.1. Chi-Square Goodness -of-Fit

According to Pallant (2010), the Chi-Square Goodness of fit is a non-parametric
test used to measure the validity of the statistical assessment, one common
application of this tool is to find out how the observed data of the given
phenomenon is significantly different from the expected data. Chi-Square
Goodness of fit is one of the best statistical tools used to answer the question of
how well do experimental or survey data fit expectations (Field, 2002).
Additionally, (Field, 2002) stated that Chi-square goodness of fit is used to
measure the extent to which the observed values are, statistically, significantly
different from the expected values. Chi-Square Goodness of fit with

FRUUHVSRQGLQJ 3 YDOXH LV FRQVLGHUHG WR EH VL
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(Bryman and Cramer, 2005), which in turn indicates that the probability that
happened by chance should be equal or less than 0.05 in order to confirm the
validity of the proposition items; this also can be an indication of the possibility
of publishing the results and generalising from the current research sample to
the entire publication (Balck, 2011). The mathematical formula for calculating

Chi-square goodness of fit is:

LA A& 6
.6 T :a02evn
A T (3.2)

Where : 6= Chi square goodness of fit,
obs. = Observed data

exp. = Expected data.

3.8.2.2.2. Factor analysis

Factor analysis is a powerful and crucial tool to determine the construct validity,
Field (2013) stated that one of the main usages of factor analysis is to measure
and understand the structure of the latent variables (factors). Additionally,
Williams et al. (2012) stated that factor analysis is a statistical method which
describes the variability among observed correlated variables to explore and
verify a set of correlation coefficient in three steps; namely, reducing large
number of variables into small number of factors, establishing underlying
dimensions between the measured variables and latent construct and, hence,
providing construct validity evidence for self-reporting scales. In this study,
Exploratory Factor Analysis (EFA) was used to validate the CSFs in which EFA
is the suitable procedure to calculate the latent variables and explore the

construct validity (Williams et al,. 2012).

Based on the concept presented above, the purpose of this test is to measure

the validity of the instruments and to understand the structure of the latent
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variables (factors). Furthermore, the author would go beyond that and intended
to interpret the relationship between the latent variables and the contents of

models in each data analysis.

Exploratory fact or analysis (EFA)

The exploratory factor analysis was carried out using SPSS 23 through the
data-reduction factor analysis method, to check the construct validity of each
critical factor. In this analysis, the raised variation is explained by the factors
rHVXOWLQJ IURP IDFWRU DQDO\VLY WKH PRUH SRZHU
what supposed to be measured (Mallak et al.,1997). Furthermore, Principle
Component Analysis (PCA) technique with direct Oblimin rotation method is
used for extracting the factors. (Williams et al., 2012) stated that principal
component analysis is one of the most commonly-used extraction method used
in the literature in order to produce a scale unidimensionally or unifactorial and
direct Oblimin is an appropriate rotation procedure to produce factors that are

more correlated and easy to interpret.

The criteria for assessing factor extraction

The purpose of extraction is to reduce a large number of items into factors
(Williams et al., 2012). In order to obtain scale dimensionality and simplify the
factor solution, typically multi-criteria should be used to analyse factor analysis
(Thompson and Danial, 1996). In this respect, the most common criteria used

by the researchers to produce unidimensionality are;

xFactorability test: To check the suitability of data for obtaining factor analysis,

the Kaiser-Meyer-Olkin test (KMO) is used to assess the appropriateness of
data set for factor analysis, this test is basically calculated based on the

correlation matrix, where the higher correlation among the variable the more
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suitable of data for conducting factor analysis test (Field, 2009), KMO can be
calculated mathematically using the following formula (Kaiser, 1981):

Ashs b 6

-/1 — — _
/ ASAG B B ARG 6 6

(3.3)

Where: r =Correlation matrix.

a =Partial matrix.

i and j= are the elements of the matrix.

Also, % DUOHWWfV WHVW RI VSKHULFLW\ LV XVHG WR |
variation among the variables to ensure if there is a redundancy between the
observed variables, it can be determined by testing if the correlation matrix (R)
diverges significantly from the identity matrix. This can be calculated by
employing the determinate of the correlation matrix 4, where the variables are
highly correlated if 4 Ls WKHUHIRUH %DUOHWWYV WHVW RI \
extent to which there is deviation from 4 L s This basically calculated by the

following formula quoted from Field (2013):

:6a>09;

8L BE FOHX-F 4; (3.4)

Where.
N = number of observations.
P = number of variables.

: 6= Chi-square.
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Therefore, KMO with a value greater than 0.6 is adequate for factor analysis,
WKHUHDV WKH %DUOHWWV WHVW Rl VSKulUeLFLW\ VKR X

(Williams et al., 2012).

xFactor_extraction The principle component analysis (PCA) method with Eigen

value technique is the most common way to identify the retained factors; the
mathematical formula for calculating factors from covariance matrix is taken

from Anton and Rorres (2011).

#TL RT (3.5)

Where; R= Eigen value.

A = the covariance matrix.

Any Eigenvalue with value greater than (1.00) is considered to be acceptable

and can be returned (Williams et al., 2012).

¥ractor rotation: Oblimin technique is the most prevelant technique for

producing more correlated factors; the test provides patterns of loading in a
manner that is easier to interpret (Williams et al., 2012). In this respect, Hair et
DO VWDWHG WKDW IDFWRU ORDGLQJ - LV FR
. PRGHUDWH DQG - KLJKOM tMis 3Qdy| LtHeDa@thér O H Y H (
decided to eliminate any item less than 0.5 which is highly significant when
avoiding any bi-dimensionality (Habibah et al., 2014). Figure 3.3 below shows
the main steps explained above and provide a clear flow chart for conducting

the exploratory factor analysis in this study.
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Factor analysis (FA)
(Exploratory factor analysis B-A)

Check the suitability of dataset for FA

}

1- KMOtest HD.6
2- @& 8} (+% ERC..P®.05

. Yes NO
Datasets Appropriate for Inappropriate for
factor analysis ’ FA
v
Factor extraction by:
Principle compo analysis (PCA)
|
v
Technique selected to obtained the factors
<]» ¢& d Gv EHgenvalue H.0
REOIE _the TS Factor rotation by:
with Oblimin roach technique
bi-factoriality app q
NO Yes
L Itemsloaded on several All itemsloaded on one
factors factor (unifactorial)

Do the reliability test for the factors obtained by
Cronbach alpha

I

Labelle the factorsand identify their relationship with LSSmodel

Figure 3. 3. The main steps for calculating factor analysis in this study
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3.9. Summary of the research methodology

This part of the research has outlined the main role of the research
methodology and how the research methodology can employ certain tools and
techniques to achieve the research aims and objectives, the author in this
section focused on the main methodology that can be used in quality
management research. The main aspects of research methodology that were
discussed are research philosophy, research approach and research
techniques; known in research method as Methodological choice (Saunders et

al., 2013).

Accordingly, the research design and strategy section provided the research
methodology selected for conducting the research and achieving the research
objectives. The selection of the research methodology adopted provided
through the three sections of this chapter: 1) The literature review for collecting
the secondary data and developing the proposed models and the framework. 2)
the main investigations, the two different questionnaires used to collect the
primary data for validating the proposed models and a multicriteria decision
making applied to evaluating and prioritising the components of the framework.
In addition, another questionnaire was conducted to collect data for validating
and verifying the framework and its implementation procedures. 3) Analytical
procedures were undertaken to verify and validating the results of the data
collected for the models and the framework and, hence, confirming the validity
of the research. The chapter also highlighted the sample selection and
demonstrated the pilot study that was conducted in the research. The next
chapter focuses on the development and validation of LSS integrated model, it
discusses how the proposed model developed and outlined the main steps and

procedures used for validating the mode.
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4.1. Introduction

Contemporary manufacturing organisations are facing a relatively dramatic
change in the external environment driven by superfast competition, increasing
demand from the consumers and the non-stable economic climate in many
countries has forced manufacturing managers to expand their strategic thinking
to the long-term in order to attain a competitive advantage. Thus, operation
management models such as Lean, Six-Sigma and TQM have been
implemented to simplify the production lines and to improve the quality
performance. However, none of these approaches is able to deal with the
manufacturing problems when implemented alone, therefore, there is the need

for integrated models like Lean Six-Sigma (Bhuiyan and Baghel, 2005).

This chapter presents the development and validation of Lean Six-Sigma
integrated model for manufacturing organisations to help them to embed the
strategic thinking into long-term planning and achieve a high quality result. The
chapter starts by discussing how LSS is different than the other strategic
approaches and then presents the main requirements for integrating this model
and the main drivers that lead to success when integrating these methods. The
review of the literature pertinent to the topic enables the study to identify the
main components and the strategy of the model, subsequently, the
guestionnaires and methodological tools were applied to verify and validate the
model; therefore, the validation steps were carried out and led to the desired
result, which is that the LSS integrated model is workable and can help

manufacturing organisation to achieve competitive advantage.
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4.2. What makes Lean Six-Sigma different?

Lean Six-Sigma is a successful approach due to the inclusion of a disciplined
and DMAIC methodology which is a systematic strategy for improvement which
leads to rapid project completion within reasonable time periods. Juran et al.,
(1999) stated that in order to create a tangible improvement methodology the
best way is to create an integrated system for managing projects rather than
separate system for Lean or Six-Sigma projects. Therefore, Lean and Six-
Sigma are both formulated into one system including a business strategy and
methodology that increase the process performance and, hence, enhance
customer satisfaction and the bottom line results in terms of cost saving,
improving the RUJDQLVDWLRQYVY SURILWDELOLW\ F\FOH WL
rate, elimination of rework and reduction of the variation (Harry, 1998 and Snee
2010). Also, LSS provides the concepts, strategy and tools that enable the

organisation to change from one way of working to a better way.

This integration between Lean and Six-Sigma can lead to the elimination of all
types of waste in operation process, reducing process variability and defects
which results in business process improvements (Bendell, 2006). In addition,
(Chen Li and Shady, 2010) add that Lean Six-Sigma in its capacity as a hybrid
model leads to a smoothing in the production flow by reducing the inventory
level between work stations, making the operation more flexible by applying
Lean tools and the Six-Sigma improvement strategy. Moreover, Brett and
Queen (2005) clarified that the LSS application, for instance, can enhance the
management of information by improving on the shortcomings of one with the
other. Consequently, it can be argued that Lean Six-Sigma is different to the
other approaches due to the key factor of the critical success factors generated

by the disciplined system.
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4.3. The requirements for Lean Six -Sigma implementation

Basically, business organisations are always looking for ways to improve their
bottom line; this, generally, can be realised only by obtaining the high-quality
output of product or services necessary to attain competitive advantages.
Therefore, the strategic programs and management methods have been
significantly developed over the last three decades, for instance, Six-Sigma,
TQM, Lean management. This variety of methods frequently puts strained the
organisation's managers in selecting the proper method for dealing with certain
problems (Johannes, 2013). Organisations are now required to operate at the
lowest cost, with greater speed and reliability, develop a superior ability to
change and continuously improve in order to gain competitive advantage (Datta

and Roy, 2011). Repetitive.

The general requirements of the integration approach have been much studied,
for instance, Brinkkemper (1996) stated that the main requirements of the
integration approach are; completeness, consistency and intended purpose.
Johannes (2011) studied these requirements and linked them to the integrated
method in quality management, Johannes (ibid) concluded these requirements
are considered the key factors that are required to obtain the synergies between
methods and hence success in the integration approach. Based on this context
(Salah et al., 2010) stated that Six-Sigma and Lean mutually reinforce and
enhance each other, where DMAIC strategy can be worked as a strategic driver
for process improvement and value stream mapping (VSM) might be used as
platform for Lean and Six-Sigma tools. Moreover, Salah (ibid) advised that
combining Lean techniques into DMAIC and the future state of VSM is a right

way to change the structure of the process.
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4.4. Critical Success Factors of Lean Six-Sigma

According to (Johnson and Scholes, 2002; Schon, 2006; Youssef, 2006) the
CSFs are important to success any business and considerable attention should
be paid to them and used as a means of benchmarking. The use of CSFs for
the successful implementation of LSS is identified in chapter 2 section (2.6.2)
and based on (Anthony et al., 2002; Hendorson and Evan, 2000; Manville et al.,
2012; Sandholm and Soérgvist, 2002; Goldstein, 2001; Timanset al., 2012).
These CSFs (listed below) are selected for the successful implementation of the
proposed LSS model:

1. Organisational structure;

2. Business plan and Vision;

3. Linking LSS to the customer;

4. Changes in management and organisation culture;

5. Education and training;

6. Top management involvement and participation;

7. Effective communication;

8. Linking LSS to organisation's business strategy;

9. Project selection, prioritisation, reviews and tracking;

10. Linking to Suppliers;

11. Project management and

12. The monitoring and evaluation of performance.
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4.5. The proposed LSS integrated model

The aim of the proposed model is to simplify LSS implementation to enable
manufacturing organisations to overcome the fear of high cost and the
complexity associated with LSS implementation. The model seeks to utilise the
knowledge within the organisation and breaks down the barriers hindering
individuals from using statistical problem-solving methods by following a step-
by-step guide. The proposed model is based on DMAIC approach which, as the
main strategy, enables the implementation processes to identify opportunities
for quality improvement, increases process performance and reduces variability
and waste in a product or process using statistical tools. However, DMAIC
phases in this model are integrated with each other to draw the implementation

processes and streamline the operating system.

Therefore, the proposed model in figure 4.1 consists of two main components:
Strategic elements, that comprise the key drivers required for successful
implementation of business process. Operation elements, including the key
factors for the successful implementation of the operation system and obtaining
high quality performance, the implementation process of the model is

summarised into four sub processes as follows:

I. Planning and Organisation __stage. In this process, the model employs the

strategic tools for organising and planning the implementation process, which
includes four steps: (1) Analyse the market to capture the Voice of Customer
(VOC), evaluate the business process to identify Voice of Business (VOB), and
translate VOC and VOB to Critical to Quality (CTQ) in order to improve the
quality of products: (2) formulate a high-level functional team and identify the

final vision; (3) Establish the overall improvements including process
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improvement using Supplier Input Process Output Customer (SIPOC); (4)
Create the baseline of LSS metrics and analyse the cost benefits associated
with the strategic planning using CTQ, CTC and CTS.

i. Enhancement and Stimulation  stage. This stage aims to enhance the

process and prepare the work environment for improvement. This can be
conducted through collecting the required data to identify the process behaviour,
determination of the bottle neck and identifying area of waste via VSM,
Identifying the current performance using process capability metric and Sigma
measures, in the end of this stage evaluate the measurement system by
applying the Six-Sigma Gauge RR technique (Repeatability and Reproducibility)
which is a statistical tool that measures the amount of variation in the
measurement system.

iii. Evaluation and Activation _stage. The purpose of this step is to apply the

proper statistical tools to eliminate the quality problems, identify the gap
between the current and desired performance and analyse the root causes to
identify the potential improvements by conducting Design of Experiment (DOE).

iv. Improvement and Verification stage. Once the results of DOE are

confirmed, then, the whole operation process is monitored through a controlled
plan using the appropriate LSS tools to attain sustainable improvement for the
operating practice. Finally, the whole process performance is verified via a
balanced scorecard and KPI to assure whether the organisation meets the

business objectives.
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Figure 4. 1. LSS conceptual model for manufacturing organisations
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4.6. Validation of the LSS integrated Model

4.6.1 Research methodology

A questionnaire survey was developed for this study based on the findings
obtained from the existing literature, a copy of the questionnaire is attached in
appendix (A-1); the questionnaire was divided into five main sections with 22
main questions. The main aim was to investigate the suitability of the proposed
model for manufacturing organisations. The key point of the survey is to analyse
the current trend in LSS implementation in manufacturing organisation, its
methodologies, perceived benefits, critical success factors and the barriers to

successful implementation.

The first section of the questionnaire was about the background information to
gather a clear picture abRXW WKH UHVSRQGHQWIV EDFNJURXQ
their awareness of the LSS approach. The second section examined the
suitability of LSS for manufacturing organisations and determined the potential
benefits that might be achieved through its implementation, this part attempted
to investigate the extent to which Lean-Six Sigma would be appropriate to the
UHVSRQGHQWYYV RUJDQLVDWLRQ LQ WHUPV RI ORQJ W
give an indication of the top management and other employees perception
about the LSS approach. The third section investigated the awareness and
usefulness of the LSS tools and techniques to Manufacturing organisations. The
fourth section focused on the evaluation of the proposed model, it was intended
to assess the proposed model based on Six criteria: model contents, Suitability
and capability for manufacturing organisations, the ability of the model to

improve competitiveness, overcome natural LSS implementation difficulties,
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foresee any difficulty in implementing the proposed model and evaluate the

completeness of the model.

Finally, section five, is the major part of the questionnaire aimed at evaluating
the importance of the CSFs for the successful implementation of the LSS model
and the potential barriers that can impede the implementation process. The
CSFs were identified from the existing literature related to the Lean and Six-
Sigma approach as stated earlier in this study; basically, the CSFs gathered
comprise 12 major factors believed to be crucial for LSS implementation. the
impeding factors including the common causes that hindering the effective
implementation of the LSS approach which comprises 11 factors drawn from

the existing literature (Johannes, 2013; Antony, 2009).

4.6.2. Data collection and analysis

A total of 70 research surveys were sent out to a host of management
employees spread across different manufacturing organisations around the
global, 56 questionnaires were completed and returned within a given time
frame, a percentage considered to be relatively high and acceptable (Saunders
et al., 2009). Statistical software package employed to analyse the data was
collected which is an appropriate method to provide robust and structured
analysis. Bryman (2005) stated that the Statistical Package for Social Science is
the most appropriate statistical software used for social science and
engineering research (see chapter 3 section (3.4.1)). Therefore, SPSS 23 was
used to analyse the data collected in this study, 56 useable questionnaires were
coded and entered into the (SPSS 23) software program, basic statistical
analysis was carried out for the observation of frequencies, percentage, mean

and standard deviation to assess the data.
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4.6.2.1. Integrity data analysis

4.6.2.1.1. Reliability test

As discussed in chapter 3 the procedure used to ensure the reliability of the

GDWD XVHG IRU YDOLGDWLQJ /66 PRGHO LV &URQEDFI
However, the Cronbach alpha result must be greater than 0.7 to consider the

items being measured are reliable (Field, 2013). As such, a Cronbach alpha test

was undertaken to check the reliability of the measures used to evaluate the

LSS conceptual model, the results in table (4.1) shows that coefficient alpha is

0.804 and the standardized item alpha is 0.720, this slight variation among the

alpha values refers to the variation between the scores of participants and the

overall scores of the questionnaire, however, both are higher than 0.7.

Table4. 1. Reliability statistics

Cronbach's | Cronbach's Alpha Based

Alpha on Standardized Items N of Items

.804 .720 6

Table (4.2) showed the internal correlation of the item measures, it can be seen
that there are a positive correlation between most of the items except for item
five (Is any difficulty foreseen in Implementing the LSS-Model?) which has
negative correlation with the all the items, also item six (Is any content missing

from the LSS-Model?) has low correlation with all the items.
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Table4. 2. The internal correlation of the items measured

from LSS-M

Overcome Foresee any
LSS-M Suitability Ability of LSS-M Nature LSS difficulty in Any content
Contents |/capability of Boost Implementation | Implementing missing in
rating LSS-M Competitiveness Difficulty LSS-M LSS-M
LSS-M Contents rating | 1.000 .745 .680 741 -.056 179
Suitability /capability of
.745 1.000 .738 .814 -.143 .068
LSS-M
Ability of LSS-M to
Boost .680 .738 1.000 .735 -.180 .017
Competitiveness.
Overcome Natural
Difficulties 741 .814 735 1.000 -.058 .282
implementing LSS.
IAny difficulty foreseen
in Implementing LSS- -.056 -.143 -.180 -.058 1.000 -.062
M.
/Any content missing
179 .068 .017 .282 -.062 1.000

The effect can be seen in table (4.3) Item-total statistics. According to Field,

(2009) and Pallant, (2010), thH YDOXHVY LQ WKH FROXP Qte@DEHOO

Total S RUUHODWLRQY FRYHUV WKH FRUUHODWLRQ EHWZ

the questionnaire, in reliable cases, all the items should be correlated with the

total scores and all the values must be above 0.3. The column labelled

HM&URQEDFK V $OSKD LI

,WHP "HOHWHGY UHSUHVHQWYV

item is deleted in the calculation, all items in that column should be roughly

around the same value, in other words, alpha can be improved on by deleting

any item that does not match the other values in the column (Pallant, 2010).

Based on the above propositions, the results were shown in table (4.3), column

three n& RU U HemATBt& & R U U H Qitew live @ffithe left-hand side of the
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table (Is any difficulty foreseen in Implementing the LSS-Model?) has a negative

correlation with overall score -0.128. Also, item six (Is any content missing from

the LSS-Model?), in the same column, has low correlation score with value

0.141.

In addition, in column five "Cronbach's Alpha if the Item were Deleted", the

mentioned items have the highest alpha values, 0.863 and 0.835, which do not

match the other values within the column. Therefore, if those items, number

Five and Six, were deleted from the calculation, then the Cronbach alpha would

be improved.

Table4. 3 ltem-Total Statistics

Scale Mean if

Scale Variance if

Corrected ltem-

Squared Multiple

Cronbach's Alpha

Item Deleted Item Deleted | Total Correlation Correlation if Item Deleted
LSS-M Contents rating 15.45 6.711 .788 .631 713
Suitability /capability of LSS-
15.69 6.759 .813 .749 .707
M
Ability of LSS-M to Boost
15.51 6.380 .728 .648 732
Competitiveness.
Overcome Nature LSS
15.65 6.440 .864 775 .690
Implementation Difficulty.
IAny difficulty foreseen in
17.76 11.355 -.128 .081 .863
Implementing LSS-M.
IAny content missing in LSS-M 17.69 10.717 141 222 .835
As a result, table (4.4) shows the statistics that Cronbach alpha indicated as
reliable, 0.911, and the standardized LWHP pDOSKDY LV DOVR L

tem-7RWDO 6WDWLVWLF

,Q &R O XPIRWEKO HHR ULEHRQUDW IERW

that all the items are correlated with a value above 0.3 and, in column five, the

values of the Cronbach alpha, if the items deleted ranged between 0.89 to 0.87,
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is greater than 0.7. Consequently, it can be concluded that these instruments

have a high level of internal consistency and increased the authors' confidence

in the reliability of the obtained results.

Table4. 4. Reliability Statistics

Cronbach's | Cronbach's Alpha Based
Alpha on Standardized Items N of Items
911 .913 4

Table4. 5. Item-total Statistics

Scale Mean if |Scale Variance if | Corrected Item- |Squared Multiple |Cronbach's Alpha
Item Deleted Item Deleted |Total Correlation Correlation if Item Deleted
LSS-M Contents rating 11.87 6.002 .758 .581 .898
Suitability /capability of LSS-
12.09 5.899 .848 733 .868
M
IAbility of LSS-M to boost
11.95 5.497 T74 .602 .896
Competitiveness.
Capability to overcome atural
12.04 5.813 .822 .701 .876
LSS Implementation Difficulty.

4.6.2.1.2. Validity test and validation of the proposed LSS conceptual

model

The main aim of the validity test is to examine the extent to which the

instruments used to evaluate the proposed model measured what they are

intended to; therefore, the Chi-Square Goodness of fit (: ¢; (see chapter 3

section (3.6.2.2.1)) was undertaken to check the instruments used in order to

evaluate the proposed model. However, the Chi-Square Goodness of fit with

FRUUHVSRQGLQJ 3 YDOXH VKRXOG EH ”

WR FRQVLC

significant and the instruments used are valid (Bryman and Cramer, 2005),

which means that the probability, which happened by chance, should be equal
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to or less than 0.05 in order to confirm the validity of the proposition items; this
also can be an indication of the possibility of publishing the results and the
abaility to generalise from the current research sample across the entire

publication (Black, 2011: Zuabi, 2015).

The results of Chi-Square Goodness of fit in table (4.6) demonstrated that the P
values for all measures are less than 0.05, which means that the results are
significantly different from the actual observed values and, taking into
consideration the expected values of all the statements used to evaluate the
proposed model, this confirms that all of the proposition measures considered in
the proposed model are valid. Consequently, in summary, the outcomes from
the reliability and validity analysis confirm that all the proposed model contents

are reliable and valid.

Table4. 6. Test Statistics

Overcoming Any
natural Foresee any missing
Model Suitability The Ability of difficulties difficulty in content in
Contents [/capability of | LSS-M to boost | implementing [ Implementing | the LSS-
rating the model | competitiveness LSS. the model Model
Chi- a b a a c d
42.929 44.909 30.964 42.750 15.680 31.500
Square
df 4 4 4 4 1 1
Asymp.
] .000 .000 .000 .000 .000 .000
Sig. (P)

4.6.2.2. Descriptive analysis

This part of the study outlines the descriptive analysis of the data collected
using SPSS 23, statistical analysis applied to the output of the data collected by

measures of the central tendency including; mean, percentage and standard
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deviation