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Abstract

Lean Six Sigma (LSS) programs aim to minimise variance in organisational processes,
deliver predictable financial outcomes, lower the expenses associated with poor quality,
enhance bottom-line results, and provide value for both customers and shareholders. LSS
efforts are an effective method of enhancing manufacturing quality. However, for over two
decades, LSS has been used in organisations in Western countries. However, it has only
begun to be used in Middle Eastern countries. Additionally, there is a dearth of empirical

studies examining the current state of LSS in these nations.

Knowledge management is concerned with the collection, distribution, and responsiveness
of information from the standpoint of a decision support system. Similarly, the importance
of knowledge management has increased significantly in recent years, emerging as a
significant source of competitive advantage for businesses. Little study has been conducted
on implementing knowledge management and LSS concurrently. This study will examine
the state of Lean Six Sigma (LSS) and knowledge management in Jordanian service
organisations. Additionally, this dissertation will examine the value of knowledge
management in ensuring the effective deployment of LSS in service companies. This
research aims to develop a synergistic approach for integrating knowledge management
and Lean Six Sigma tools through the DMAIC problem-solving method to strengthen and
ensure the quality of services provided by Jordanian organisations, both public and private.

The study relied on the inferential (analytical) approach, which is concerned with
procedures that infer the existence of findings in the statistical population through
representative samples and, subsequently, the generation of quantitative data. The
interpretation task primarily concerns inferential analysis (inferring and concluding). The
regression analysis findings indicate that knowledge management contributes to the
success of Lean Six Sigma projects. The implications of these findings for existing theory
and managers of LSS and knowledge management projects were examined. This study
offers value for academics and practitioners working in LSS in Jordan by conducting an in-
depth examination of the present state of LSS deployment and knowledge management in
the country.

Keywords: Lean Manufacturing, Six Sigma, Lean Six Sigma, Knowledge Management.

The service sector, Jordan.
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CHAPTER ONE: Introduction

1.1 Introduction

In the current business environment, various companies and organisations strive to adopt
comprehensive management methodologies to enhance their overall performance (Melton,
2005), satisfy their customers, decrease the processes' costs, and have a niche in the market
(Tenera & Pinto, 2014). As quality improvement (QI) and continuous improvement (CI)
are vital factors for success in manufacturing organisations, several contemporary service
organisations (for instance, healthcare and financial organisations) implement QI or Cl in
their works (Antony et al., 2017). While techniques for business improvement come and
go, boosting the bottom line never goes out of style. Business improvement methodologies
have evolved last century (Snee, 2004a). Each approach builds on prior ways by
incorporating the most valuable features of past approaches and supplementing them with
new concepts, techniques, and instruments to overcome identified limits. Snee (2010)
argues that development techniques are not fads but rather stages in the growth of business

development methodology.

Many companies worldwide apply the Lean Six Sigma (LSS) methodology to reduce
product or service defects and eliminate waste in the process (Alhuraish et al., 2017). Lean
Six Sigma initially emerged from Lean Manufacturing and Six Sigma methodologies.
Integrating both methods compensates for each method's limitations (Arnheiter &
Maleyeff, 2005). By implementing LSS, the organisation gains many advantages,
including competitive advantages and improving financial and operational performance
(Alhuraish et al., 2017). However, many service organisations faced challenges while
implementing LSS, and maybe they did not know how to implement LSS successfully
(Kalashnikov et al., 2017). Top management commitment, appropriate skills and training
(Montgomery, 2016), excellent communication, and evolving employees in the LSS
implementation (Antony et al., 2017) are primary factors out of several factors essential to

implementing LSS successfully.

Lean manufacturing and Six Sigma are required methods in the present-day business
environment to ensure that today's business/organisation has a competitive advantage. A

competitive advantage is achieved by maintaining the practice of sustainable development

|[Page1



strategies (Pfeffer, 2010). Whether used in conjunction or alone, Lean and Six Sigma are
strategies for optimising processes that generate and deliver high-quality services and
products (Nave, 2002). Any reference in modern business to the quality of services and
goods reflects how companies prioritise production and outcomes. Six Sigma and Lean are
two of the most common approaches corporations use to effectively enhance service and
product operations (Alhuraish et al., 2016a; Pacheco et al., 2015). Continuous efficiency
and quality improvement of products and services are critical for meeting production
targets (Indrawati & Ridwansyah, 2015). Numerous contemporary businesses are
systematically using Lean and Six Sigma to reduce waste and increase efficiency
(Alhuraish et al., 2015; Mousa, 2013; Tjahjono et al., 2010).

Lean thinking (LT) is based on the Toyota Production System (TPS). It is a concept that
involves the determination of the value of any process through the distinction between
value-added activities or steps from non-value-added activities or steps and the elimination
of waste to add value to the whole process (Kovacs et al., 2020). The Lean strategy
provides established tools and techniques to reduce lead times, inventories, setup times,
and downtimes for equipment, scrap, repair and other hidden plant waste (Molnér et al.,
2019; Sharma, 2003). Lean focuses on efficiency to produce products and services as

cheaply and quickly as possible (Antony, 2011).

An engineer named Bill Smith developed Six Sigma at Motorola in the mid-1980s. Six
Sigma is a process improvement methodology that focuses on identifying and eliminating
the sources of faults and mistakes by concentrating on essential process outputs from the
customer's perspective. Six Sigma concepts may improve a mean process, develop resilient
products and processes, and eliminate excessive process variation that results in poor
quality (Shah et al., 2008). Six Sigma is a statistically based problem-solving approach that
generates data to drive solutions and produces remarkable ultimate outcomes (Snee &
Hoerl, 2007).

Over the last two decades, Lean Six Sigma (LSS) has evolved into one of the most
frequently utilized and verified techniques for business process improvement ever
experienced by enterprises (Antony et al., 2017). Since then, the popularity and
implementation of LSS in the industrial sector have risen significantly (Shahin & Alinavaz,
2008), Especially prevalent among big western organizations such as Motorola,
Honeywell, and General Electric (Laureani & Antony, 2012). Snee (2010) defines LSS as a
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business strategy and methodology that improves process performance, leading to
increased customer satisfaction and bottom-line results. The LSS technique increases an
organisation's capabilities, lowers production costs (M. Chen & Lyu, 2009), and maximises

shareholder value (Laureani & Antony, 2012).

Knowledge is a blend of information and practice. Knowledge is one of the organisation’s
crucial resources and primary assets (Grant, 1996). Knowledge has value once employed
practically; otherwise, it is useless to organise data. Effective Knowledge management
(KM) is required to achieve the necessary results (Essawi & Tilchin, 2013). Knowledge
management aims to provide the right people with exact knowledge at the right time
(O’Dell & Hubert, 2011a). KM is the process of creating, distributing, sharing, and saving
staff knowledge (Dalkir, 2005). Consequently, one of the KM objectives is to take
advantage of the expertise and old employees' experiences by storing it and educating new

employees.

This research aims to investigate knowledge management's role in successfully
implementing Lean Six Sigma in the service sector by integrating KM with LSS. This
dissertation relied on the qualitative method to illuminate, present, and discuss the
theoretical background of this research (Lean Manufacturing, Six Sigma, Lean Six Sigma,
and Knowledge management). Moreover, the quantitative method was employed to
achieve this research's objectives by examining the level of applied LSS and KM in the

service sector.

1.2 Problem statement

The current era’s main features are high-intensity competition and the service provided at
pace. Consequently, excellent customer services require organisations to eliminate defects
in the service provided to the customers. At the same time, the company endeavours to
maximise profit through these services. Consequently, high resource utilisation, continuous
improvement, and reducing the waste of the process as much as possible should be
considered to achieve the company’s goals. As a result, companies are forced to adopt

quality management methods

In the last two decades, Lean Six Sigma (LSS) methodology has been embraced by various
service organisations in the different services sector to enhance the performance of their

services by eliminating the defect in the services and reducing waste. Although LSS is a
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helpful quality and management methodology, not all organisations successfully benefit
from applying Lean Six Sigma (Glasgow et al., 2010; Kumar & Antony, 2008). Lack of
proper skills and training- which are parts of knowledge- and lack of top management
support are the main factors that cause the failure of implementation of LSS (Montgomery,
2016).

1.3 Research aims and objectives

This research aims to assess the level of Lean Six Sigma adopted by the service
organisations and the level of knowledge management employed by the organisations
concurrent with Lean Six Sigma. Investigating the interaction between Lean Six Sigma and
the Knowledge management phenomenon is one of this research aims. Therefore, the
services organisations can fill the gap in using LSS, enhance the services provided to their

customers, and improve the process within the organisation.
The research objectives below emerged Based on the research aims:

1- Evaluate the current level of Lean Six Sigma adopted by the services organisations in
Jordan.

2- Evaluate the current level of Knowledge management technique adopted by the
services organisation.

3- Investigate the significant association of KM with the implementation of LSS by
integrating the LSS approach with KM In order to provide industry-related

recommendations finally

1.4 Research questions

This research will try to answer the following questions based on the research objective.

1- What is the current level of LSS adoption in the services organization in Jordan?

2- What is the current level of KM concept adoption in the services organization in
Jordan?

3- What are the obstacles and failure factors facing the Jordanian services organization
during the implementation of LSS?

4- |s there a significant role of the KM in the success of LSS in the services organization

in Jordan?
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1.5 Research model

Figure 1 depicts the research problem, objectives, questions, and the projected relationship
between the study variables. The created knowledge should be identified in every step of
DMAIC (i.e. Define, Measure, Analyze, Improve, Control) and stored while the
breakthrough is performed. The identified knowledge should be adequately managed
through the four steps of the KM procedure in every phase of DMAIC, and available
required knowledge should be reused immediately to enhance the service performance. In
each step of the DMAIC phases, several tools may be used. The hypotheses have been
built between KM management as one element and each phase of DMAIC.
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\
rd Y E. Application
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Figure 1. The conceptual framework

According to the conceptual framework, the five phases of the LSS are as follows: define,
measure, analyze, improve, and control. The following conceptual and procedural

definitions were established for each phase (more details are provided in chapter 2):
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o Define: Specify the problem, the customer set, the desired outcomes, and the target
process.

e Measure: Identify the parameters that need to be quantified, choose the optimal
method for measuring them, gather the necessary data, and conduct the
measurements experimentally.

e Analyze: Identify gaps between actual and desired performance, analyze their
reasons, understand how inputs affect outputs, and rate improvement prospects.

e Improve, determine which options are the simplest to execute, evaluate
hypothetical solutions, and implement genuine changes.

e Control: Develop a thorough solution monitoring strategy, watch implemented
changes for success, regularly update plan records, and maintain a functional staff
training routine.

1.6 Research Hypotheses

Based on the research problem, objectives, questions, the theoretical models of Knowledge
Management and Lean Six Sigma, the experimental evidence examined in the literature

review provided the framework for the following research hypotheses:

HO 1: There is a significant relationship at the level of (o = 0.05) between knowledge

management practice, and LSS define phase.

HO 2: There is a significant relationship at the level of (o = 0.05) between knowledge
management practice and the LSS measure phase.

HO 3: There is a significant relationship at the level of (o = 0.05) between knowledge
management practice and the LSS analysis phase.

HO 4: There is a significant relationship at the level of (o = 0.05) between knowledge

management practice and the LSS improvement phase.

HO 5: There is a significant relationship at the level of (o = 0.05) between knowledge

management practice and the LSS control phase.
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1.7 Research Contribution and Novelty

The novelty of this research presents focusing on one of the modern critical improvement
methodologies Lean Six Sigma (LSS), and its integration with one of the success factors in
the organization (Knowledge Management). Integrating the two methodologies mentioned
above for the services sectors is considered the primary outcome of this research.
Moreover, the importance of this research is in the potential contribution to practitioners

and academics.

The importance of the study lies in the following point:

1- The novelty of Lean Six Sigma in the service sector. Where there is a paucity of studies
examined in determining the impact of Critical Success Factors for applying Lean Six
Sigma methodology.

2- The importance of the quality of services provided by the organisation. Therefore, the
high competition between the organisation and companies in the services sector.

3- The outputs of services provided by the organisation constitute inputs for many
operations in local and external departments and institutions.

4-  Provide results and recommendations for individuals and researchers interested in
Lean Six Sigma implementation. Critical impact on the success of its objectives.

5- Linking the results of the current study with the results of the other studies related to
the same subject, thus, interpreting the result to arrive at an accurate description of the

exact phenomenon or problem and presenting the results.
1.8 Methodology and Data Source

This study used quantitative and descriptive approaches to determine the statistical
parameters of the model and the Hypothesis. The qualitative method has been employed to
analyse the literature review of Lean Six Sigma and Knowledge Management, formulate
the proposed model (LSS-KM), and structure the research questionnaire. Moreover, using
previously mentioned methodologies gives a clear image of the Lean Six Sigma and KM
phenomenon that the researcher desires to collect data about and describe characteristics of

the population or phenomenon.
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The researcher relied on secondary data to reach and analyse a wide range of literature
reviews related to Lean Six Sigma and the Knowledge Management phenomenon.
Moreover, Primary data have been applied for this research purpose. An appropriate
sample has been reached by developing a questionnaire based on a literature review to
collect primary data. In this research, the electronic way through google documents and
email has been applied.

The target population of this research was the services organisations in the diverse services
sector in Jordan, either in the public or private sector, which applied - full or partial- Lean
Six Sigma and Knowledge Management in their works. For instance, health,
telecommunication, and financial sectors. Before distributing questionnaires, a

comprehensive range survey was conducted to determine the target population precisely.
1.9 Research context

Service excellence is not a catchphrase but a long-term commitment to satisfying the
customers' ever-increasing demands and desires. It is the duty of the organisation's
administration and employees (Alolayyan et al., 2018). In Jordan, Few pieces of research
deal with improving quality in various sectors, including financial and bank sectors (Ali &
Omar, 2016; Mualla, 2011), accommodations and hotels sector (Al-Rousan & Mohamed,
2010), and telecommunications (AL-Nawafleh et al., 2019). It is noticeable that the health
sector is the most concerned with the quality of services provided (Al-Mhasnah et al.,
2018; Mandahawi et al., 2011). However, the research on the LSS methodology in Jordan
is very limited (Al-Refaie & Hanayneh, 2014; Alomari et al., 2020). Therefore, the
lacking of research tackled with LSS motivates the researcher to conduct this study.
Furthermore, the researcher is looking to increase their knowledge about LSS and its

implementation’s success factors.

Improving the quality of services in Jordan, whether for the public or private sector, has
received governmental attention and support. The King Abdullah Il Award for Excellence
for Private Sector (KAAEPS) was created in 1999 to serve as the country's highest quality
and excellence recognition criteria. Its mission is to strengthen Jordanian firms'
competitiveness by encouraging quality awareness and performance excellence (Samawi et
al., 2018). Moreover, an E-government program is considered the interaction of the

government with citizens, the public and private sectors using communication technology
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to offer services effectively and efficiently and communicate with all stakeholders
interactively Chen et al., 2018).

1.10 Dissertation structure

This dissertation is divided into five chapters, described as follows:

Chapter 1 Overview and structure of the study

The first chapter gives the reader an overview of the research context, aims, and objectives.
Furthermore, this chapter describes the issues to be solved and the methodologies to be

used
Chapter 2 Lean Six Sigma and Knowledge Management literature study

This chapter reviews the most authoritative literature on LSS (such as the approaches to
LSS and its development and background). It also provides a theoretical background to the
research about knowledge management and its role in implementing LSS.

Chapter 3 Research Methodology

This chapter reports the methodology used to address the objectives of the research and
research questions. Moreover, this chapter describes the data collection process and data

analysis methods.
Chapter 4 Data analysis and interpretation

We argue that development techniques are not fads but rather stages in the growth of
business development methodology. This chapter analyses the empirical research design

and methodology discussed.
Chapter 5 Discussion, conclusions and recommendations.

Chapter five discusses the key findings of the research hypotheses based on the literature
study and data analysis. Moreover, this chapter gives some conclusions by discussing the
research outcome and its contribution to the field of knowledge. Furthermore, the research
limitations are addressed, and suggestions for future work and a summary for reflection are

provided.
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1.11 Chapter Summary

This dissertation investigates the link between Knowledge management and Lean Six
Sigma in the service sector. Moreover, This chapter addressed the theme development, the
importance of the research, the problem statement, the objective, the questions, the
methodology, and the study's hypotheses. In addition, the study examines the extent of
LSS and KM implementation in Jordanian service organizations, both public and private.
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CHAPTER TWO: Literature review

2.1 Introduction

The previous chapter gives an overview of the research study. It provides context and
history for the identified problem, summarizes the study's aims, includes some basic
definitions and delimitations, and emphasizes its significance. This part of the dissertation
reviews a wide range of literature associated with Lean Six Sigma, including Lean
Manufacturing and Six Sigma, tools used within implementing LSS, and Knowledge

Management.

2.2 Lean Six Sigma

2.2.1 Lean Manufacturing

The Lean Manufacturing (LM) concepts have been extensively documented (Womack &
Jones, 1997; Womak et al., 1990) and are frequently cited, as evidenced by the Toyota
Production System (TPS) (Liker, 2001). LM is an improvement methodology developed
by Toyota's manager, Taiichi Ohno and his associates after the Second World War.
Originating Lean manufacturing aimed to help Toyota survive, especially since the War
imposed constraints on resources and capital (Kurdve et al., 2014). Through producing
high-quality products at a low-cost relative to the rivals. The way to achieve the target is to
eliminate non-value-adding processes or activities (Abolhassani et al., 2016).

Many Lean companies are TPS-based (Womack et al., 2007). Unsurprisingly, the TPS is
rooted in the development of Henry Ford's assembly line and the work of Frederick Taylor
(Womack & Jones, 2003). This approach towards producing motor cars, which emphasized
removing all types of waste, including human movement, began to take shape in Toyota in
the 1930s and has since evolved. The first use of "Lean manufacturing” was generally
recognized (Krafcik, 1988). Lean manufacturing combines the five pillars of Toyota's
production philosophy — product development, supplier management, customer
management, and policy focusing — into one statement (Holweg, 2007). As the
cornerstone of the Lean vision, the aim of eliminating all waste, or Muda, in all aspects of
the system persists (Womack & Jones, 1997). There is considerable misunderstanding

about the difference between Lean and the Toyota Production System (TPS) (Michael,
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2003). Lean is a knowledge-based approach to reducing waste and improving productivity
(Snee & Hoerl, 2007).

The Lean method incorporates time-tested tools and procedures for reducing lead times,
inventory, setup times, equipment downtime, scrap, rework, and other hidden
manufacturing inefficiencies (Albliwi et al., 2015; Antony et al., 2017). Implementing LM
depends on the degree of commitment of decision-makers in the organization (Antony et
al., 2017) and the commitment of the involved employees in implementing LM (Mancosu
et al., 2018). Organizations that apply LM in their works significantly increase analytical
performance (Kovécs et al., 2020; Shah & Ward, 2003) and maximize customer
satisfaction (Erdil et al., 2018). Nevertheless, the researcher noted that LM is insufficient

to solve complicated problems requiring sophisticated data analysis (Antony et al., 2017).

Lean is a technique for providing services to clients with fewer resources but increasing
their value. The Lean concept is relevant to both manufacturing and service businesses. It
IS not a tactical or cost-cutting initiative but a style of thinking and behaving. Waste is
described as everything that does not add value to the final product or exceeds the
minimum amount of equipment, materials, parts, space, and time required to increase the
product's value (Modi & Doyle, 2012). Historically, seven categories of waste have been
identified: excess production, mistakes, needless inventory, excessive processing,
excessive transport, waiting, and extreme motion (Hauck et al., 2021; Womack & Jones,
1997).

LM is concerned with identifying the customer's desired outcome, eliminating all activity
within the production process that does not contribute to this outcome, streamlining the
remaining steps, and finally matching all activity to deliver at the customer's desired speed.
The procedure is viewed as never-ending because once completed, you return and seek to

reduce the number and duration of phases (Chaplin & O’Rourke, 2014).

e The limited success of Lean

Lean should be used to catalyse continual improvement, not as a tool for cost reduction. A
significant flaw of Lean was that when problems were perplexing and had nothing to do
with any of the Lean principles, there appeared to be no visible way to address them using
Lean thinking. For such challenges, a problem-solving method that makes substantial use
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of statistical data approaches — including experimental design — is unavoidably required
(Antony et al., 2017). Management frequently prioritizes tools and processes above Lean
as a concept, seeking to educate workers on new improvement tools instead of immersing
them in the practical side of addressing improvement opportunities through a Lean

approach (Pepper & Spedding, 2010).

e Lean in Service Sectors

Lean manufacturing ideas were initially applied to gigantic industrial processes with high
volume and low variation. Japanese-managed plants consistently outperformed their
equivalents in the United States (Pepper & Spedding, 2010). Later, US and European
companies began to modify the TPS to remain competitive with the Japanese industry
under the just-in-time (JIT) (V6ros & Rappai, 2016; Womak et al., 1990).

According to Allway & Corbett (2002), The "Lean" method has acquired universal
acceptance to enhance industrial businesses' operations and profitability. It applies to a
wide variety of service-sector businesses. They provide a rigorous five-phase technique
and explain how this procedure successfully enabled an insurance company to execute a
Lean strategy. Arlbjarn et al. (2011) performed a case study on Lean methodologies in the
municipal supply chain management of services (SCM). They investigated the Lean
principles' acceptance in Danish communities. They developed a model that illustrates the
situations in which Lean is most appropriate depending on the type of service supplied.
According to the findings, Lean is mainly implemented using "toolbox Lean" approaches
such as value stream mapping, kaizen, and information boards. Additionally, the findings
suggest that the public sector may use the Lean mentality to be more effective at cost
reduction and service improvement when the required assumptions for Lean adoption are

in place.

Piercy & Rich (2009) analyse the adaptation of Lean manufacturing principles to the pure
service setting and assess their contribution to service marketing development. They
discover that service contact centres may reduce operating costs by implementing Lean
service technologies while improving the quality of customer service. Qian (2014) offered
a market-based model for collaborative decision-making on pricing, delivery time, service
level, and supplier selection. He argues that a firm's operation and market features must be
complementary to maximize profitability. Additionally, he says that the supplier's

operating features should match the market's characteristics. Furthermore, market
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conditions should dictate how Lean manufacturing and flexible or agile manufacturing
ideas should be blended.

2.2.2 Wastes

LM concept systematically eliminates all forms of waste after distinguishing value-added
steps from non-value-added steps (Antony et al., 2017). As outlined in Figure 2 and further
detailed in Table 3, the most popular forms of waste are inventory, over-processing,
motion, defects, waiting, rework, and overproduction (Erdil et al., 2018; Hauck et al.,
2021; Mancosu et al., 2018). Another form of waste added lately, Skills waste, which
means when the organization does not fully utilize the knowledge and capabilities of
talented and expert employees. These wastes directly affect performance, quality, and
costs, and they are all non-value-adding operations that customers are unwilling to pay for
(Cherrafi et al., 2016). LM aims to produce products and services at the lowest cost and
reduce the delivery time (Antony, 2011).

Over
Production

Processing

Figure 2. The seven waste forms

At times, waste, such as financial controls, is an integral part of a process that adds value to
the organization and cannot be removed. The Lean concept is based on continuous
improvement. At first, waste in all procedures may be easily identified, and early
adjustments might result in considerable cost savings. As the company strives to eliminate
waste, the waste reduction process will be slow. The critical step is to identify it, i.e., to
guarantee that the trustworthy source of waste is eradicated, not simply the symptom
(Albliwi et al., 2015).

The primary objective of a Lean system is to provide higher-quality products or services at

the lowest possible cost and in the shortest possible time by reducing waste (Cherrafi et al.,
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2016). Waste is described in the Lean context as "anything other than the bare minimum
quantity of equipment, materials, parts, space, and time required to add value to the result"
(Cherrafi et al., 2016). The first step toward implementing Lean is to recognize value-
added and non-value-added operations. This goal prompted the development of value
stream mapping (VSM) (Rother & Shook, 2003), and it remains a dependable qualitative
analytical tool to this day (if implemented correctly). Additionally, it establishes the
project's scope by specifying its current condition and planned future state. This future
state map is then utilized to build Lean improvement initiatives, such as contemporary
work and staff flexibility through multi-skilling (requiring minimal expenditure) (Pepper &
Spedding, 2010).

According to Womack & Jones (2003), all processes associated with designing, ordering,
and manufacturing a product can be classified into three categories: (1) operations that add
value to the customer, (2) operations that add no value but are required by the current
product development, order fulfilment, or production systems and thus cannot be
eliminated immediately, and (3) actions that add no value to the customer and can be
eliminated accordingly. These non-value-creating activities are referred to as Muda. Type |
Muda is waste required for the existing system to function correctly. Type Il Muda has no
additional value and should be deleted first. In manufacturing, waste manifests in the form
of rectified errors, the production of items no one wants, the performance of unnecessary
process steps, the movement of employees and goods between locations for no reason, and
the waiting of people in a downstream activity due to an upstream activity failing to deliver
on time (Womack & Jones, 2003). Ohno (1988) classified waste into seven categories,

which were later confirmed by Womak et al. (1990):

Overproduction: happens when operations extend past the point of no return. Increased

inventory occurs as a result of overproduction (Hauck & Vo6ros, 2015).

Waiting: This is also known as queuing and occurs when an upstream operation fails to

provide its output on time (Molnar, 2020).

Transport: is the inefficient movement or movement of items, such as work-in-progress
(WIP), from one location to another. Transportation should be minimized because it adds

time to the process with no value added. Additionally, damage can occur during transport.
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Over-processing: different processes such as rework, handling, or storage caused by

defects, overproduction, or surplus inventory.

Inventory: all inventory not required to fulfil customer orders is considered waste.
Inventory management necessitates more handling and storage space (Hauck & Voros,
2015).

Motion: is a term that refers to the additional steps required to accommodate an inefficient

layout, defects, reprocessing, overproduction, or surplus inventory.

Defects: goods or services that do not meet the specifications or expectations of the

consumer, resulting in dissatisfaction.

Unused human potential is a significant source of waste that was omitted from the original
Seven Deadly Wastes. The unrealized potential is frequently the outcome of management
rules and styles that discourage employee contribution (Freitag & de Oliveira, 2021; Yeh et
al., 2021). Underutilizing people's mental, creative, and physical talents results in missed
opportunities, including decreased motivation, decreased creativity and lost ideas.

Molnér et al. (2019) defined lead time as the time required to supply a service or a product
following the receipt of an order. Any action that provides value from the customer's
perspective is called "value-added” work. Whereas any activity that adds no value or the
client would prefer a supplier that does not incur these costs is referred to as “non-value-
added" work (or categorized simply as waste). Different types of waste exist in a non-
production environment that is comparable to those found in a production environment
with a few exceptions Table (1): overproduction (performing work before it is required),
waiting time (for information/approval), motion (movement of people/paper), transport
(movement of work), inventory (outdated stock, supplies), defects (time spent correcting

defects), and underutilization (under-utilized people/skills) (Bicheno & Holweg, 2009).

Table 1. Wastes Produced by Manufacturing and Service Industries

Seven types of waste in manufacturing

Seven types of waste in services

Overproduction of goods that are not in high
demand

Duplication, such as re-entering data or repeating
information on forms.

Time waiting for the next process step,
machine, or comparable item (Molnar, 2020)

Delay in the delivery of services to customers

Transportation of non-essential products

Customers need to travel unnecessary distances to
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get service
The processing itself, such as production line | The processing itself, such as internal quality
inspections inspections
Stock on hand (inventory) that is merely Inventory that is incorrectly stocked and so unable
awaiting additional/future requirements to deliver
Unnecessary worker movement occurs when | Movement in transferring orders, queuing
it does not add value to the product. consumers multiple times, and similar activities.
Producing defective products that are unable | Service transaction error, including product damage
to be sold or must be reworked in a product-service package

Source: Bicheno & Holweg ( 2009)
2.2.3 Six Sigma

The first introduction of Six Sigma was by Motorola company in the mid-1980s, aiming to
enhance production performance (de Freitas et al., 2017). Later many companies followed
Motorola in applying Six Sigma, such as General Electric (Mancosu et al., 2018). Since the
dissemination of Six Sigma, many studies have dealt with Six Sigma (Antony et al., 2007;
Breyfogle 111, 2003). Much literature has explained and used the term 'Six Sigma'
differently. While some literature considers Six Sigma as an improvement approach
(Antony et al., 2017; Nunes, 2015), others see it as a statistical measurement tool (Klefsjo
et al., 2006; Snee & Hoerl, 2007), and others consider it as a Business Strategy (Harry &
Schroeder, 2005).

The ultimate goal of applying Six Sigma is to enhance the firm's finances and cost
improvements (de Freitas et al., 2017). Six Sigma focus on analyzing data to reduce the
variation in the process, which leads to poor quality (Erdil et al., 2018) and eliminating the
defect sources (Nunes, 2015). As with other methodologies and improvement approaches,
several factors play a crucial role in the success of Six Sigma implementation, such as
sufficient training and top-qualified management support.

¢ Origin of Six Sigma

Six Sigma is a project-driven management style that continuously improves an
organization’s products, services, and processes through defect reduction. It is a corporate
approach to enhance client needs comprehension, company systems, productivity, and
financial performance. Six Sigma was inspired by Japanese quality work and Joseph
Juran's concepts, such as the project-by-project method and capacity indexes (De Feo,
2017). Since the mid-1980s, Six Sigma approaches have enabled several firms to maintain

their competitive advantage by merging process expertise with statistics, engineering, and
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project management (Anbari, 2002). Numerous publications and articles overview the Six
Sigma method's fundamental ideas and advantages (Harry & Schroeder, 2005). The
difficulties and realities inherent in adopting the Six Sigma process are considerable.
However, the benefits of applying the Six Sigma technique to technology-driven, project-

driven enterprises are just as significant (Kwak & Anbari, 2006).

The term "Sigma "originally referred to the Latin letter (o), which indicates the statistical
calculation of the standard deviations (SD). Six Sigma statistically implies that the
opportunity or the probability of defective products is less than 3.4 per million or the
quality percentage is more than 99.9997% (Youssouf et al., 2014). Therefore, the Six
Sigma methodology aims to decrease the SD value and occur within the Six Sigma area
(Mancosu et al., 2018).

Six Sigma significantly influenced the bottom line in manufacturing, design, finance, and
healthcare, among other fields (Antony et al., 2017). Motorola cut its low-quality expenses
and variability in various operations by implementing Six Sigma. Motorola was the first
recipient of the USA Malcolm Baldrige National Quality Award in 1988 due to this
achievement. Subsequently, several organisations, including General Electric, Allied
Signals, Ford, and Bombardier, have effectively implemented Six Sigma. For example,
Kwak & Anbari (2006) have shown Six Sigma's benefits and economic effects. However,
others dispute the financial advantage of Six Sigma's current implementation (De Mast,
2006).

In the late 1990s and early 2000s, many firms across various sectors implemented Six
Sigma programs, including DuPont, Dow Chemical, 3M, Ford, and American Express. The
US military also initiated significant efforts in Six Sigma at this time. Overseas, businesses
in Europe and Asia, notably Korean firms like Samsung, began using Six Sigma to varied
degrees ( Snee & Hoerl, 2004).

e Core Six Sigma principles

"Six Sigma" refers to a statistical measurement of a system's defect rate. It provides a
planned and methodical approach to process improvement, aiming for a defect rate of 3.4
faults per million chances, or Six Sigma (Brady & Allen, 2006). Pande et al. (2000) present
some interesting examples of the difference between 99 per cent quality and the better rate

of Six Sigma quality in various settings to clarify the implications of Six Sigma defect
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rates inside a system. For instance, if the post office maintained a 99 per cent quality
rating, there would be 3,000 misdeliveries for every 300,000 letters sent. Still, if operated
at the Six Sigma level, there would be only one misdelivery. If television stations
functioned at 99 per cent efficiency, they would encounter around 1.68 hours of dead air
time every week, compared to 1.8 seconds if they performed at Six Sigma standards
(Pande et al., 2000).

Six Sigma is a quality-control method that strives for near-perfection. It employs a
systematic approach to defect elimination across all processes. Six Sigma's primary
objective is to maximise profit by eliminating unpredictability, faults, and waste that erode
customer loyalty. Six -primary Sigma's principle is eliminating variability and making
customer-focused, data-driven decisions. It uses statistical analysis to quantify and enhance
an organization’s operational performance. Six Sigma is inextricably linked to the process
improvement approach that establishes the organizational framework necessary to facilitate
continuous improvement (Harmon & Trends, 2010). Six Sigma representation enables us
to ascertain the process's performance. Therefore, organizations must have a defect rate of
no more than 3.4 faults per million chances (DPMO). Numerous businesses are required to
follow Six Sigma principles; for instance, the aviation industry cannot have any additional
flaws. Although achieving this standard is highly challenging in many sectors, it may
nevertheless be utilized as a tool for defect reduction and variability reduction (Modi &
Doyle, 2012).

When a process operates at a Six Sigma level, it is six standard deviations from the
customer specification limits, implying an average of 3.4 errors per million items Table 2.

As a result, this Six Sigma level represents a near-perfect quality level for the particular

process.
Table 2. Sigma Quality Measure.

Sigma Performance | Defects per Million Process Estimated Cost of Poor
Level Opportunities Yield Quality (% Revenue)

1.0c 670 000 33% >40%

2.0c 308 537 69.2% 30-40%

3.00 66 807 93.32 20-30%

4.0 6 210 99.38% 15-20%

5.00 233 99.9767% 10-15%
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6.0c 3.4 99.99966% <10%

Source: (Wary & Hogan, 2002)

Six Sigma provides a structure for process improvement by outlining Deming's plan-do-
check-act cycle in greater depth and directing the effort through a five-stage cycle of
DMAIC (Andersson et al., 2006). Each stage is associated with a set of tools and
techniques, such as statistical process control, design of experiments, and response surface
methodology, which provide the user with a comprehensive toolbox of techniques for
measuring, analysing, and improving critical processes necessary for bringing the system
under control (Keller, 2011).

Most Six Sigma initiatives employ a process improvement technique known as DMAIC
(Harmon & Trends, 2010). The phases identify the process's customer needs, quantify
existing performance and compare it to the customer demand, assess the existing process,
enhance the process's design and implementation, manage the outcome, and sustain the

improved performance (Modi & Doyle, 2012).

By the turn of the twenty-first century, the Six Sigma technique had grown, and in addition
to various new tools, the fundamental improvement process gained an extra phase called
"define," renaming it DMAIC. Additionally, a new technique based on the fundamentals of
Six Sigma was developed, Design for Six Sigma (DFSS). The distinction was that DFSS
concentrated on new products and process design rather than process improvement. DFSS
has a process that includes defining, measuring, analysing, designing, and verifying
(DMADV) (Keller, 2011).

When a product or service is subject to significant design changes or is still in its early
stages, the five phases become define, measure, analyze, design, and verify (DMADV) or
design for Six Sigma (DFSS). DMADV's objective is to reach a Six Sigma level of quality
from the start. Six Sigma methodology begins with determining the need for an
improvement program (Salah & Rahim, 2019). DMAIC is a process improvement
methodology used to enhance an existing business process. In comparison, DMADV is
used to develop new products or processes, and consists of five phases define, measure,
analyze, design, and verify. DMAIC and DMADYV were created due to Deming (Madhani,
2018). The DMAIC process lifecycles are described in detail in another subchapter.
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Training key employees is crucial for properly implementing the DMAIC cycle and
achieving meaningful outcomes, as is top management buy-in if the program succeeds.
Management must actively determine which projects to focus freshly trained Six Sigma
teams on and ensure the necessary resources are accessible (Raisinghani et al., 2005).
Before commencing the Six Sigma journey, the required roles for implementation must be
clearly defined and communicated throughout the organisation so that everyone engaged
understands their duties, precisely what needs to be done, and the sequence (Pande et al.,
2000). It is critical to understand Six Sigma as a philosophy and a scientific technique that

gains recognition (Keller, 2011).

e Six Sigma implementation and use

Six Sigma is a structured framework that uses improvement experts, a structured approach,
and performance metrics to minimize variance in organizational processes to attain
strategic objectives (Schroeder et al., 2009). Numerous world-class firms have effectively
implemented Six Sigma in diverse situations and processes (Snee, 2004). According to
Linderman et al. (2003), Six Sigma, on the other hand, lacks a theoretical foundation and a
basis for research beyond "best practice” studies. Six Sigma's objectives are to optimize
process performance and quality by identifying and eliminating underlying causes of faults
and reducing process and product variability (Zu et al., 2008). The Six Sigma problem-
solving method comprises five steps and is commonly used to accomplish organizational
goals (Magnusson et al., 2003). Typically, after defining the problem in the Define phase,
specific techniques are used to quantify the present condition of the problem, analyze it,
and determine its leading causes. The reasons are eliminated, and the process is improved
by adopting precise action plans. Finally, during the control phase, the obtained savings
and Sigma level of Critical-To-Quality (CTQ) attributes are assessed and confirmed by the
project's senior management sponsor (Cherrafi et al., 2016).

Notably, Six Sigma established an overarching "roadmap" or problem-solving method
inside Motorola, dubbed MAIC, which stood for measuring, analysing, improving, and
controlling. MAIC connected and integrated the separate instruments successfully. As a
result, staff might be taught a single technique that could be applied to various challenges,
avoiding the need to reinvent the wheel with each new project. Additionally, Six Sigma
gained explicit management support, including infrastructures such as budget line items,

resources, and project selection procedures (Antony et al., 2017).
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Moreover, the success of Six Sigma depends on the specialists working on implementing
the Six Sigma strategy. From a practical point of view, Six Sigma is usually divided based
on the experience and their responsibility to "Belts." Master Black Belt (MBB) is
responsible for strategic improvement. At the same time, other Black Belts (BB), Green
Belts (GB), Yellow Belts (YB) and White Belts (WB) have different responsibilities based
on their experience and their positions within the improvement process (Breyfogle, 2003).

Six Sigma implementation in R&D businesses aims to minimise costs, accelerate time to
market, and optimise R&D processes. To determine the efficiency of six Sigma, firms
should prioritise data-driven assessments, increased project success rates, and the

integration of research and development into routine work processes.

Six Sigma may be regarded as a process-improvement approach that focuses on finding
and removing the core causes of errors or defects in any process. This process is done by
prioritizing the client's essential process outcomes and focussing on the inputs that affect
those outputs. This external-in method assures that the benefits are felt in at least one of the
following areas: lead time, product and process costs, process yields, and customer
satisfaction (Antony, 2006).

e Six-Sigma in Service Sector

Motorola was under severe pressure from outside competition, notably Japan, in this
environment. While there is no exact date for the birth of Six Sigma, Bill Smith and others
launched improvement efforts in 1987 that resembled TQM programs in many aspects
(Mikel et al., 2000). Mikel Harry and others eventually assisted Smith in developing this
technique into a broader corporate campaign focused on safeguarding Motorola's pager
business (Pande et al., 2000). They dubbed the program "Six Sigma" of their goal of
reducing variation to the point that specification limits for critical process indicators were
within six standard deviations of a target (Mikel et al., 2000). Welch & Byrne (2003) said
to Wall Street analysts that Six Sigma would be GE's most extensive program and focus
for the next five years. Even before data became available, GE stock increased

substantially, and many other businesses started to examine Six Sigma more thoroughly.

Because GE had a sizable financial services sector — GE capital — it was natural for the
corporation to apply the real gains in manufacturing to finance and other non-

manufacturing areas. As a result, it established a "Commercial Quality" project and
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pioneered the application of Six Sigma to finance, healthcare, sales, and various other
fields (Hoerl, 2001). As directed by CEO Jack Welch, the goal was to engage every GE

employee in "the game" of concrete progress (Antony et al., 2017).

Other financial firms initiated Six Sigma projects partly due to GE Capital's success. Bank
of America was one of the most successful, posting yearly savings in the billions of
dollars. Similarly, Commonwealth Health Corporation pioneered the first large-scale Six
Sigma implementation in healthcare in the late 1990s, generating millions of dollars in

savings in the radiology department alone (Snee et al., 2004).

Motorola's then-CEO, Bob Galvin, established a target of tenfold improvement in all
product and service attributes every two years. As a result of this initiative, aggressive
process variation reduction began, and the process of improvement swiftly assumed the
form of measure, analyse, improve, and control (MAIC). Motorola was rewarded for their
efforts in 1988 with the Malcolm Baldridge National Quality Award (Gowen lii et al.,
2008).

Six Sigma is a very effective business method that may significantly reduce errors in
service processes (Antony, 2006). Service industry improvement may be hastened by
minimising process variance and non-value-added operations (Kwak & Anbari, 2006).
Improved procedures can result in greater customer satisfaction, increased productivity,
and business profitability, among other benefits. Six Sigma is particularly popular for
various service operations because of its customer-driven methodology (Taghaboni-Dutta
& Moreland, 2004). According to Pande et al. (2000), most service-oriented businesses
function at a low Sigma level, between 1.5 to 3.0. (i.e. defects of 45,000- 66,800 per
million opportunities). This is due mainly to the service industry's inattention to quality
improvement efforts (Does et al., 2002). Six Sigma has been effectively used for a wide
variety of services. The Six Sigma approach has been applied by manufacturing
organisations to their service operations. The six Sigma strategy's primary purpose should
be to address the following four points: What is the nature of the process defect? How
frequently do such faults occur? How does a problem affect the customer? How do we

quantify these flaws and adopt solutions to avoid their recurrence? (Antony, 2006).

In recent years, finance and credit departments have been under increasing pressure to

minimise cash collection cycle time and volatility in collection performance to remain
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competitive. Typical Six Sigma initiatives in financial organisations include increasing the
accuracy of cash allocation. Therefore, minimise bank charges, automate payments,
improve reporting accuracy, decreases documentation credit flaws, lower check collection

defects, and minimises collector performance variance (Doran, 2003).

Bank of America (BOA) was one of the early adopters and implementers of Six Sigma
techniques to streamline operations, attract and keep clients, and establish a competitive
edge against credit unions. Hundreds of Six Sigma initiatives have been completed in
cross-selling, deposits, and issue resolution. BOA reported an improvement of 10.4 per
cent in customer satisfaction and a drop of 24 per cent in customer issues following the
implementation of Six Sigma (Roberts, 2004). American Express used Six Sigma methods
to optimise external vendor procedures and reduce credit card renewals that were not
received. In each example, the findings indicated an increased Sigma level of 0.3. (Bott et
al., 2000). Other financial firms, such as GE Capital, JP Morgan Chase, and SunTrust
Banks, are utilising Six Sigma to concentrate on and increase consumer wants and
happiness (Roberts, 2004).

Six Sigma concepts and the healthcare sector are a perfect combination, owing to the
healthcare industry's zero-tolerance for errors and potential for medical error reduction.
Several successful Six Sigma initiatives include enhancing timely and accurate claim
reimbursement (Laureani et al., 2013), optimising the healthcare delivery process (Ettinger,
2001), and lowering surgical equipment inventory and associated expenses (Revere, 2003).
Additionally, the University of Texas MD Anderson Cancer Center's radiology film
collection used Six Sigma and significantly enhanced service activities (Benedetto, 2003).
Further, at the same institution's outpatient CT test lab, patient preparation times were
decreased from 45 minutes to less than 5 minutes in many cases, and exams increased by

45 per cent without adding machines or shifts (Elsberry, 2000).

In 2002, Bechtel Corporation, one of the world's leading engineering and construction
firms, announced $200 million in savings from a $30 million investment in its Six Sigma
program, which identifies and prevents rework and errors in everything from design to
construction to on-time paycheck delivery (Eckhouse, 2003). For instance, Six Sigma was
adopted to expedite neutralising chemical agents and optimising cost and schedule

management on a nationwide telecommunications project (Moreton, 2003).
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According to one poll, just 37% of respondents had formally applied Six Sigma concepts
in their R&D company as of 2003 (Johnson & Swisher, 2003). Rajagopalan et al. (2004)
claimed that through the DFSS process, the development and manufacture of the new
prototype at W.R. Grace (Refining Industry) were reduced to 8-9 months from 11-12
months. Figure 3 illustrates the conceptual advantages and improvements associated with
using Six Sigma in research and development initiatives (Kwak & Anbari, 2006).
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Figure 3. The advantages of implementing six Sigma in R&D initiatives.
Source : (Johnson & Swisher, 2003)

2.2.4 Lean Six Sigma Overview

The term Lean Six Sigma (LSS) has been defined by Pepper & Spedding (2010) as a
systematic method to eliminate all forms of waste and offer products or services out of
defects in 99.9997 %. Snee (2010) defined LSS as “a business strategy and methodology
that increases process performance resulting in enhanced customer satisfaction and
improved bottom-line results.” Cournoyer et al. (2013), the LSS program is a customer-
focused, systematic approach to utilising data to manage and improve process performance

quality.

LSS emerged as a complementary approach to compensate for the limitation of Lean
manufacturing and Six Sigma (Salah et al., 2010). Where Six Sigma focuses on the defect
of the product or service only, Lean manufacturing focuses on eliminating the process's
waste (Laureani et al., 2010). LSS integrates both systems to eliminate all forms of waste
and, at the same time, provide products or services almost free of defects (Alhuraish et al.,

2017; Tenera & Pinto, 2014). However, LM and Six Sigma have incredible results in

|Page?2s



continuous improvement (Salah et al., 2010). Research results show that the operational
effectiveness and financial performance of companies that apply only LM or Six Sigma are
less than those adopting LSS in their work (Alhuraish et al., 2016). Therefore, to decrease
costs and increase satisfied customers, LSS considers a more practical approach because it

involves humans in the process (Snee, 2010).

Initially, LSS used widely in the manufacturing and industrial worlds, such as Motorola,
GE, and some SMEs (Nunes, 2015). LSS considered quite a modern approach; the first
research article about coping with this methodology was published in 2003 (Albliwi et al.,
2014). However, the LSS methodology is applicable in different areas within the
organisation (Antony et al., 2012). It aims to improve performance in terms of the quality
of the service or products, reduce the cost of the service or product, and increase customer
satisfaction (Snee, 2010). Top management commitment and lack of appropriate training
are part of several factors affecting the success of implementing the LSS (Montgomery,
2016).

In the services sector, organisations aim to implement LSS to increase the quality of the
services provided to the customers by reducing the lead time, setup time, rework and other
wastes based on the nature of the organisation (Womack & Jones, 2003). LSS rely on
variant tools, such as Brainstorming, Cause-and-effect diagram, Control charts, and the
structured approach DMAIC cycle (Nunes, 2015). Therefore, reducing variations and
eliminating waste (Erdil et al., 2018) improves customer requirements, organisation

productivity, and financial performance (Kwak & Anbari, 2006).

2.2.5 Integration of Six Sigma and Lean

In the late 1990s and early 2000s, the phrase "Lean Six Sigma" was used to refer to the
synthesis of Lean and Six Sigma ideas (Byrne et al., 2007). This integration sought to
address both of their weaknesses. By combining the two continuous improvement
approaches, businesses could maximise their potential for improvement (Bhuiyan &
Baghel, 2005). Lean Six Sigma is a corporate strategy and technique that improves process
performance and increases customer satisfaction, leadership, and bottom-line benefits via
quality, speed, and cost reduction (Snee, 2010). This is accomplished by applying Lean
and Six Sigma technologies and practices. Lean Six Sigma's success as one of the most

well-known hybrid continuous improvement techniques has prompted many businesses
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worldwide to embrace it to handle operational issues and increase competitiveness
(Cherrafi et al., 2016).

Through the 1990s, manufacturing organisations began combining Lean and Six Sigma
methodologies (Snee, 2010); there appeared to be a natural match between the two
process-oriented approaches. Variability is a cause of waste inside a process; hence, Six
Sigma can be considered a kind of Lean. The service industry gradually embraced the LSS
approach, which was initially used in manufacturing. Today, LSS is regarded as the most
widely used improvement methodology in the western business world (Pepper &
Spedding, 2010), with applications ranging from the National Health Service in the United
Kingdom (Westwood & Silvester, 2007) to insurance companies in the Netherlands
(Pepper & Spedding, 2010). Despite the numerous enhancements to the idea and the
abundance of training and consulting available to support the approach, it remains
fundamentally a process-oriented, internally focused technique (Chaplin & O’Rourke,
2014). However, it is easy to see the benefits that organisations gained from this
technique's usage through academia, including the extensive research on the
implementation of the LSS methodology (Michael, 2003; Zhang & Chen, 2016) and
proposing potential implementation models for successful projects (Snee, 2010; Sunder,
2016).

Six Sigma and Lean manufacturing have begun to be used internationally due to the
spectacular results achieved by US or Japanese firms such as Motorola and Toyota
(Andersson et al., 2006). As a result, Six Sigma and Lean manufacturing have emerged as
the most widely utilised approaches for establishing and continuously improving business
processes (Alhuraish et al., 2016). While their aims may differ, they can work together or
individually to enhance corporate functions, service, and product quality. (Snee, 2010)
demonstrates that the primary goals of Six Sigma and Lean are congruent, namely, to seek
and improve processes. The confluence of Six Sigma and Lean objectives is illustrated in
Figure 4. Thus, a business typically determines which processes require change and which

approach suits this objective.
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Figure 4. comparison between Lean and Six Sigma.
Source: Snee (2010)
LSS is a technique that focuses on reducing waste and variation, using the DMAIC
framework to improve customer satisfaction in terms of quality, delivery, and cost. It
focuses on the firm's process improvement, customer satisfaction, and financial results
(Salah et al., 2010).

Businesses interested in integrating Lean and Six Sigma have ambiguity about which
technique to use initially. According to Antony (2011), it is advisable to begin with, Lean.
A 5S exercise is an excellent beginning point in this respect, as it may assist in setting up
the workspace for the process to take form. Because Lean tools are less sophisticated than
Six Sigma, it is more practical to begin with, the Lean approach to engage staff members
early on while also delivering fast outcomes for the business. According to Nash et al.
(2006), many enterprises have merged Lean and Six Sigma by initially deploying one
technique. According to research, Six Sigma is often deployed efficiently only after a Lean
manufacturing process has been established. In one instance, a corporation chose to use Six
Sigma after implementing Lean manufacturing, which may help speed up the adoption of
Six Sigma (Bozek & Hamrol, 2012).

Implementing Lean manufacturing or Six Sigma might be challenging. Researchers have
advised implementing Lean manufacturing and Six Sigma concurrently since they
complement one another; yet, this approach may overlook a business's existing resources.
Numerous companies have encountered difficulties applying one of these techniques
(Alhuraish et al., 2017). While both Six Sigma and Lean involve data and information,
they differ in their concentration on implementing various principles based on experience
and knowledge (Antony et al., 2017). Some organisations that employed Six Sigma before

implementing Lean continue to refer to it as Six Sigma, while others refer to it as Six
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Sigma Lean (Byrne et al., 2007). Additionally, some firms refer to it as LSS or Six Sigma
Lean, depending on the methodology used to drive the program. Additionally, Honeywell
refers to it as Six Sigma plus (Kovach et al., 2005).

Six Sigma is projected to grow and become more integrated with other approaches for
continuous improvement. Antony (2004) believes that additional tools will be introduced
to the Six Sigma package since the Six Sigma methodology must be improved to adapt to
market changes. In terms of Lean, Hines et al. (2004) demonstrated that it is feasible to
integrate Lean with other methodologies without jeopardising its goal of giving value to
consumers. Numerous tools are interchangeable between Six Sigma and Lean (McAdam
& Donegan, 2003), as seen in Figure 5. Although the tools used in Lean and Six Sigma
were not designed specifically for these approaches, they were combined in an organised
manner to create each. Thus, both may be viewed as toolboxes, with some tools being
more appropriate than others depending on the problem’s nature or opportunity. The LSS
method enables individuals to select the proper tools for tackling specific issues
immediately through Kaizen events or in-depth examination of more complicated
initiatives (Salah & Rahim, 2019).
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Figure 5. An example of Lean and Six Sigma common tools
Since both Six Sigma and Lean fundamentally integrate established techniques in unique
ways to reach breakthrough outcomes. Neither Six Sigma nor Lean developed tools in and

of themselves, so neither owns the copyright to any particular tool (Antony et al., 2017).

2.2.6 LSS Implementation

Although the hurdles to LSS implementation are diverse, one common denominator is that
most of the difficulties highlighted are not connected to tool or technique application but to

organisational concerns such as change resistance (Assarlind et al., 2013). Numerous
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articles have been published on the effectiveness of LSS deployment in various sectors
(Psychogios et al., 2012).

The combination of Lean and Six Sigma attempts to enhance every aspect of an
organisation. Whereas Six Sigma is applied by a small number of highly skilled employees
inside an organisation, Lean empowers and educates everyone to identify and remove non-
value-adding tasks (Higgins, 2005). The combination of the two approaches aims to
empower employees throughout the higher-level process analysis phases, resulting in
actual process ownership. If the two are executed in isolation, the conclusion may be that
neither is carried out properly; they will be hampered by one another's organisational
demands (Harrison, 2006). Again, this may result in the emergence of two distinct
subcultures within the organisation, each fighting for the same resources (Smith, 2003).

Additionally, the organisation must decide how and when to use Six Sigma and/or Lean
production. Without this, the organisation may not reap the benefits of Lean manufacturing
and/or Six Sigma. Scientific research has demonstrated that businesses should employ
integrated Lean manufacturing and the Six Sigma technique for best performance
outcomes. There is a knowledge gap about this subject in the published literature.
Simultaneously, because the two techniques are based on opposing beliefs, there is
considerable controversy over whether they should be deployed concurrently or separately.
The disagreement is primarily about whether methodology should be deployed first: Lean

manufacturing or Six Sigma (Alhuraish et al., 2017).

When used as a stand-alone paradigm, the scope and magnitude of benefits produced via
implementing Lean principles are constrained. According to Antony et al. (2003), this
limit of improvement is achieved because the improvement technique depends on the
problem being handled and must thus be aligned to generate successful outcomes. Antony
et al. (2003) propose that Lean concepts lack a focused cultural infrastructure, as the Six
Sigma method demonstrates. As a result, these activities must be guided by a solid
methodology capable of sustaining the business's direction and concentration. Sharma
(2003) argues that Six Sigma methodologies should be used to assist in implementing Lean
efforts in an improvement initiative, as it can be challenging to establish momentum when

attempting to extend the philosophy throughout the organisation or supply chain.

Regarding Lean and Six Sigma implementation, firms often choose one of six

techniques. The first technique views Lean as an all-inclusive technique incorporating Six
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Sigma as a tool. The second technique considers Six Sigma an all-inclusive approach that
includes some Lean tools within the DMAIC structure. This is similar to the integration
model given later but requires further explanation and makes holistic and comparable use
of the two. The third technique, Six Sigma or Lean, is employed in isolation (to tackle
different problems). The fourth technique operates both approaches in parallel (when
applied to the same issue individually) and in series, whereas the fifth operates sequentially
(when applied to the same problem). Finally, the sixth applies both concurrently, as

outlined in this work's suggested and integrated strategy (Salah & Rahim, 2019).

Another strategy is implementing Lean first to remove waste and then Six Sigma to focus
on specific process steps. The goal is to reduce waste and simplify procedures before
moving on to more complex challenges via optimization and process control focused on
specific process steps. According to Snee (2005), Lean techniques may be quite successful
in the initial stages of process improvement. However, it is more beneficial to combine the
two, as the core causes of issues happening inside or between processes may be located in

areas other than where they manifested (Salah et al., 2010).

Figure 6 illustrates that each method benefits from being viewed as a unified framework
and has the potential for balance if brought together successfully. This is a critical notion
for integrating the two approaches to continuous improvement. Maintaining a balance
between them is necessary to avoid becoming excessively Lean and stiff in reaction to the
market, impairing value generation (Arnheiter & Maleyeff, 2005). On the other hand,
focusing excessively on minimizing variation beyond the customer's expectations results in
the waste of needless resources to achieve zero variation. The balance is between providing
good value to the client to preserve market share and minimizing variance to acceptable

levels to reduce expenses (Pepper & Spedding, 2010).
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Figure 6. The competitive advantage of Lean, Six Sigma and LSS.
(Source: Arnheiter & Maleyeff, 2005).
Since both Six Sigma and Lean had remarkable achievements yet had constraints, some
form of integration was tempting and made natural sense. As previously stated, Lean is
unsuitable for tackling complicated problems requiring extensive data analysis and
advanced statistical techniques. When deciding between a Six Sigma and a Lean method,
the critical questions to examine are: Is the answer known or unknown? Is the fundamental
cause of the problem regarded to be in a process step that adds value or in the connections

between process steps that add value?

The first issue examines whether established concepts can be used immediately with
considerable data collecting or whether a longer-term project comprising data collection
and analysis cycles would be necessary. For instance, if the issue is that our inventory
levels are excessive, the remedy is obvious - decrease inventory! While the specifics of
doing this may be challenging, what must be done is well understood (Snee & Hoerl,
2007). In many Lean applications, we have discovered that the task is well-defined; a
technique and tools are required to achieve the well-defined solution. Lean primarily
collects well-established ideas rather than data analytic tools if the solution is entirely
unknown. We are unsure how to get the required distribution. As a result, considerable
data gathering, analysis, and design of experiments will almost certainly be required to
tackle the issue. The requirement for a thorough diagnosis of the problem reaffirms the

critical nature of the define step in problem solutions (Antony et al., 2017).

The second question demonstrates how Lean concepts are oriented around information and

material flow through a process. Thus, if the underlying cause of the problem is a flow
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issue — in the connections between value-adding actions — Lean is likely to function well.
On the other hand, understanding the cause-and-effect links is crucial for improvement if
the problem originates in a value-adding stage. Typically, developing such insight takes
substantial data collecting and analysis and experiment design. Six Sigma is more likely to
be successful in resolving such issues. This idea is shown in Figure 7 (Snee & Hoerl,
2007).
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Figure 7. Process view of Lean Six Sigma.
Source: Snee & Hoerl (2007).
It is unclear which improvement approach should be started for several organisations,
either Lean or Six Sigma, or both (Albliwi & Antony, 2013; Kumar et al., 2006). The
primary objective is to produce concurrent, rapid, and visible operational improvements by

implementing Lean and Six Sigma (Aboelmaged, 2010; Huang & Klassen, 2016).

2.2.7 Critical Success Factors

Lean Six Sigma's CSFs must be identified to understand how LSS can be implemented
successfully. Brotherton & Shaw (1996) describe CSF as the key to identifying which
sectors will generate the most significant and best competitive leverages for a company.
They underline that the CSFs are not primary aims but are actions and processes that the
management can control to achieve the organization's objectives. CSFs also be defined as
"those few things that must go well to ensure success"(Boynton & Zmud, 1984).
According to Griffin (1995), CSFs are a small set of criteria that must be met for an
organization to compete successfully. CSFs are interdependent; each has short-term and
long-term implications and requirements (Alnadi & McLaughlin, 2021). Accordingly, the
organization's success and continuity depend on achieving the results related to these

factors, and failure will lead to disastrous consequences for the entire organization
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(Rockart, 1979). Besides, suppose one of the CSFs is missing during the LSS program
development and implementation phases. The difference could be between a successful

implementation and a lack of resources, effort, time, and money.

The key CSFs for continuous improvement initiatives are identified by Fryer et al. (2007)
as being: management commitment, customer management, supplier management, quality
information, measures and reporting, teamwork, communication, process management,
ongoing assessment, monitoring and review, training and learning, employee
empowerment, goal management culture, product design, and organization. Additional
factors included recognition and compensation systems, effective use of technology,
cultural change, confidence in and selection of projects, and priority. Generally, the above
factors can apply equally to services as to production (Achanga et al., 2006; Chakrabarty &
Tan, 2007). Regarding implementing the Lean management project, Panayiotou &
Stergiou (2021) stress the importance of management commitment to support any desired
initiatives to improve productivity, followed by financial capacity, competence, expertise,

and a sustainable and proactive organizational culture.

Since this is one of the improvement methodologies, several researchers have studied the
CSF of the Six Sigma implementation. Some of the most critical factors are Top-down top
management commitment since it contributes in a short period to influence, restructure,
and cultural change in employee attitudes towards quality; Six Sigma and project
management extensive education and training: Change in organizational culture, structure,
and change in channels and communications plans, motivate people to overcome resistance
and train senior managers, staff, and customers on how Six Sigma benefits (Alnadi &
McLaughlin, 2021; Brun, 2011; Naslund, 2008).

Service companies have many things in common with production organizations from an
improvement point of view. Although service sector organizations constantly had a lower
level (of practice) than manufacturing organizations, Badri et al. (1995) found that both
organizations agreed on the importance of training, product design, supplier quality
management, and employee relations. However, each firm, function, a business will
withstand LSS's application. All processes do not perform correctly and can be improved
with data collection, scientific thought, and LSS's concepts, methods, and tools.
Nevertheless, Data collection is the problematic aspect of LSS's deployment. This is

especially true when working on service processes where data collection is not cultural.
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The project management review can overcome this by checking the data's correct use and
providing resources for data collection, retrieval, and analysis (Oliver et al., 2019; Snee,
2010).

2.2.8 Lean and Six Sigma in the service organization

Although LSS was primarily created for the manufacturing sector, it is now frequently
employed in the services sector. The LSS technique is applicable in various industries and
contexts (Kalashnikov et al., 2017). To improve the quality of services supplied to
customers, numerous European public organisations employ LSS in their work, even at an
early stage (Antony et al., 2017). In service organizations, LSS focuses on eliminating
wasted time during service processing and decreasing variance in how services are
processed and given to clients, whether external or internal (Delgado et al., 2010). The
findings indicate that the services sector emerged in second place regarding financial and
operational performance when LSS was used (Alhuraish et al., 2016).

Studies demonstrate that only 50 % of the process in the services sector adds value from
customers’ perspectives (Michael, 2003). Customers could be external customers, for
instance, patients in the hospital or clients of the bank, or internal customers if one service
depends on another service from another department. By adopting the LSS process,
performance and customer satisfaction will be increased, as LSS helps develop personality
and leadership ability (Snee, 2010).

By their very nature, services are frequently time-bound regarding the activities carried out
and deliver value to the consumer. In service businesses, Lean serves as a methodology for
reducing waste (in terms of time) and increasing the efficiency of processes. It entails
examining the process from the client's perspective to identify and reduce inefficiencies
and waste. On the other hand, Six Sigma is concerned with improving the process and
eliminating variability to get the same outcome at least 99.9997 per cent of the time (Six
Sigma) (Delgado et al., 2010).

Lean Six Sigma tools are more difficult to apply in the service industry because of its
unique characteristics, which can be summarized in the following main areas (Kotler &
Turner, 1997; Zeithaml et al., 1985):
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Intangibility: Service consumption and perception are possible but not easily and
objectively quantifiable, as with manufacturing products. In service organizations, proxy
metrics are used to compensate for the lack of objective metrics (e.g. customer survey). Six

Sigma relies on objective measurement to eliminate defects and reduce variation.

Perishability: Services, on the other hand, cannot be stocked but are delivered in response
to demand. There are many "work in progress" service processes, meaning work can spend

more than 90% of its time waiting to be executed (Michael, 2003).

Inseparability: The service is delivered and consumed simultaneously. In contrast,
manufacturing processes are not affected by this. A manufacturing process does not require

the emotional management of customers waiting in line or on the phone.

Variability: Each service is a one-of-a-kind event dependent on various variables that
cannot be replicated precisely. Therefore, services are more variable than manufacturing

processes, resulting in a wide range of customer experiences.

These differences have made it more difficult for service organizations, such as financial
companies, healthcare providers, retail, and hospitality organizations, to adopt Lean Six
Sigma to their reality. Service organizations, on the other hand, offer great opportunities.

According to (Michael, 2003), Empirical evidence indicates that the cost of services is
exaggerated by 30%-80% due to waste. Service functions have a limited history of making
decisions based on data. Data retrieval is frequently challenging, and many vital decision-
makers are not as 'numerically literate' as their industrial counterparts. Around 30%-50%
of the cost of a service organization is due to expenditures associated with sluggish pace or
repeating operations to fulfil client expectations. Although LSS has been used highly
successfully in manufacturing, its application in the service sector has been less tried and
tested due to concerns that service industry processes do not lend to the rigorous
application of the Six Sigma set of statistical tools (Patton, 2005). There are three primary
reasons services should use Lean Six Sigma: Service processes can be inefficient and
costly, i.e. prone to mistakes, resulting in decreased customer satisfaction. Numerous
service procedures are complicated and involve excessive "work-in-progress,” resulting in
increased wait times — a cost that adds no value. The Pareto principle holds for slow
processes: 80% of delay is produced by 20% of activity. Thus, increasing the speed of that

essential 20% results in an 80% reduction in cycle time (Michael, 2003).
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The following subsections will review the literature on LSS implementation in some
services sectors. The researcher settles for these sectors because implementing the LSS

methodology is similar to other industries.
» LSS in Higher Education

Universities are complex organizations that use many resources and have various business
procedures (Svensson et al., 2015). Instead of a single 'client,' higher education institutions
(HEIs) have multiple stakeholders, including administrators, faculty, staff, students,
alumni, benefactors, and taxpaying citizens. A public HEI's core aim often entails
exploration, learning, and involvement through the generation, distribution, and application
of new information (Li et al., 2019). To support these fundamental responsibilities, a range
of supporting mechanisms are in place to ensure that the HEI's primary mission of
research, education, and engagement is fulfilled (Svensson et al., 2015). Antony et al.
(2012) noted that while LSS may be a very effective tool for identifying process
inefficiencies, many universes and schools have not extensively embraced it due to the
long-held notion that it is only appropriate for manufacturing organizations. Additionally,
the decentralized character of conventional institutions and their lack of direct connections
to the core business of research and instruction contribute to the HE industry's delayed
adoption of LSS (Svensson et al., 2015).

The combination of declining public financing (Gordon & Fischer, 2011) and the influence
of global competitiveness (Hess & Siciliano, 2007) has resulted in an increased emphasis
on efficiency and effectiveness within the HEI sector. Historically, regarding quality
initiatives on the HEIs, the USA focused on TQM as Cl methodologies (Bandyopadhyay
& Lichtman, 2007). However, LSS has emerged in recent years to provide organizations
with the methods, tools, and techniques for superior improvement (Antony, 2017).

Higher education institutions are increasingly using Lean Six Sigma (LSS). Whereas
previous research examined applying Lean wastes to HEISs, this study focused on sorting,
straightening, shining, standardizing, and sustaining, as well as point-of-use storage,
process mapping, value-stream mapping, and level scheduling (Douglas et al., 2015).
Adina-Petruta & Roxana (2014) incorporated Six Sigma and quality management
principles. Bandyopadhyay (2014) facilitated the advancement of online education.

Whereas (Tetteh, 2015) used LSS to examine the pedagogy and professional growth. Other
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research examined case studies at higher education institutions, such as the adoption of
LSS at the King Abdullah University of Science and Technology (Svensson et al., 2015).

Practically speaking, a few colleges have included LSS in their operations: Miami
University in the United States of America often offers Lean and Six Sigma training. In
2012, Kings College saved approximately £1 million by implementing LSS solutions to
streamline college operations related to infrastructure (Sunder, 2016). Through LSS, the
University of Central Florida accelerated the admissions process for suitable applicants
(Coowar et al., 2006). Apart from these instances of the LSS methodology's general
application or administrative HEI procedures, actual data on the implementation of LSS in
academic core processes is scarce. Both Simons (2013) and Antony (2014) were adamant
that education could be improved in the same way as any other sector, encompassing
academic and non-academic procedures. While reviewing the research and reported cases,
it appears that LSS has several impediments and problems in educational settings; there are

also numerous success stories (Pryor et al., 2012).

Antony (2014) highlights the preparedness characteristics that an HEI must possess to
successfully embark on the LSS path. The preparedness factors include visionary
leadership for establishing the desired culture for LSS; visible management involvement
and commitment in allocating budget and resources for training, followed by time for
completing LSS projects; selection of the suitable projects using appropriate project
selection criteria; and selection of the institute's most talented individuals to execute the
projects (Antony et al., 2018). Nawanir et al. (2019) identified several barriers to
implementing LSS in HEIs, including excessive top-down management, departmental
politics and inter-departmental acrimony, a lack of LSS knowledge and experience within
the majority of universities, an insufficient focus on metrics, and a lack of key quality

indicators for several business processes.

Sunder offered an overview and success stories of the LSS system implemented by several
HEIs worldwide. Sunder also includes a case study demonstrating how LSS improved a
university library's process. The case study lowered the average time spent searching for
books from 15 minutes to less than 5 minutes. The university's executive team lauded the
initiative for its benefits to the library system. Bargerstock & Richards ( 2015)
demonstrated how to simplify and increase the efficiency of an educational evaluation

process by applying the LSS methodology. The upgraded process decreased cycle time by
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two-thirds, eliminated inconvenient non-value-added activity stages, identified extra
customer value, and considerably increased compliance rates. This case study highlights
how Six Sigma may drastically enhance business processes in higher education
environments. Additionally, the authors stated that every organizational process with
inputs, outputs, and feedback loops is amenable to continuous process improvement
activities (Antony et al., 2018).

> LSS for Financial Services.

Companies employ a variety of strategies to avoid competitive disadvantages, including
eliminating operational inefficiencies - which are significant in the financial sector,
accounting for 20% or more of total banking industry costs — and increasing revenue
growth through increased customer numbers and satisfaction (De Koning, De Mast, et al.,
2008). Lean Six Sigma (LSS) is a process that may assist financial organizations in
increasing their operational efficiency and effectiveness (Michael, 2003; Snee & Hoerl,
2004). The combination tool LSS enables the financial services industry to increase

efficiency and quality (De Koning et al., 2008a).

In the early 2000s, the application of Six Sigma to financial services was in its infancy.
However, Chakrabarty & Tan (2007) analysis revealed that Six Sigma is increasingly used
in nearly all service industries, including financial services. Stoner & Werner (1994)
provided a case study on using Six Sigma in an internal auditing process at Motorola
Finance. The study's findings include an improvement in cycle time, a reduction in internal
and external mistakes, and a reduction in external audit expenditures of $1.8 million per
year. The cycle time for closing the books on a monthly basis has been cut from more than
nine days to only two days, resulting in savings of more than $30 million for the firm
(Antony et al., 2017). Implementing LSS has several benefits, such as cost savings,
process and product quality improvements, enhanced efficiency, increased production, and
the organization's agility and adaptability, surpassing expenses. At the worldwide level,
cultural distinctions exist primarily in internal resistance and receptiveness to change
(Delgado et al., 2010).

Additionally, Heckl et al. (2010) research showed that Six Sigma in financial services is
growing tremendously. Additionally, the survey discovered that British and German banks
and insurers use Six Sigma more extensively than Swiss and Austrian banks and insurers.

Additionally, the authors discovered that nearly a quarter of respondents believed that Six
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Sigma could not be utilized to change the financial services industry's culture. However,
over 85 per cent of respondents said Six Sigma might benefit from process optimization.
The primary motivation for implementing Six Sigma is to decrease operating expenses.
Additionally, business possibilities and unhappy consumers are the primary reasons for its
utilization(Antony et al., 2017).

Brewer & Eighme (2005) identified the following components required for the effective
development of LSS initiatives in any financial services industry: Committed leadership:
this involves providing clear direction on the overall strategic deployment of LSS,
committing time, resources (people), and other resources to the deployment,
communicating the initiative's importance to everyone, insisting on visible bottom-line
effect, and so on. Select the best personnel: allocating the best staff to LSS efforts
demonstrates leadership commitment to the initiative. Supporting infrastructure: this
should include the usage of belt systems (Black Belts, Green Belts, and Yellow Belts),
active participation of LSS deployment champions and project sponsors, and a

management system to ensure the initiative's sustainability.

Several fundamental problems in using the LSS technique in financial services include a
lack of appropriate data and insufficient human resources in terms of quality and quantity
for LSS project implementation. Organizational culture and employee attitude, Expertise in
tools and procedures, and communication. A significant barrier to LSS adoption in service
companies, in general, is communication. To establish a sustainable LSS project, each
employee should be informed (Antony et al., 2017).

» LSS for public sector organizations

The public sector is a vital component of every country's economy and, regardless of
function or service or country of operation, has several obstacles and operational
constraints. Public sector services are shaped and guided by fluctuating governmental
policies and agendas. They compete for a piece of the overall budget and must offer
services within the budget's affordability, a critical factor in the strategic management of
public sector services (Poister & Streib, 2018). Frequently, services are offered to the most
vulnerable members of society and are neither sought nor desired by the receivers. The
services are also offered to a greater or lesser extent regardless of the customer's capacity
to pay (Rodgers & Antony, 2019).
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Several advantages of using LSS in the public sector include the following: The costs of
firefighting and misdirected problem-solving attempts without a systematic or disciplined
technique might be significantly minimized. Improved awareness of the VOCs and related
CTQs that have the most significant influence on customer satisfaction. Reduced non-
value-added operations by systematic removal, resulting in faster service delivery, shorter
lead times, and shorter cycle times for processing essential performance characteristics for
customers and stakeholders, among other benefits. Organizational culture transformation
from reactive to proactive thinking/mindset. Numerous managers are statistically ignorant
and cannot use statistics to issue solutions. LSS establishes a foundation for managers to
employ proven and practical statistical tools and methodologies for issue resolution in
public sector companies and increased responsiveness and adaptability to consumer

requirements (Antony et al., 2017).

Today, many public sector organizations face the challenge of reducing spending while
maintaining or enhancing service delivery efficiency and effectiveness. We need to
decrease waste and maximize value-added activities for consumers by using LT, and we
need to offer consistent services by minimizing process variation by implementing Six
Sigma. Several critical problems in implementing LSS in public sector companies include
the following (Antony, 2015): The LSS program requires unwavering management
commitment. Without their support and dedication, the attempt will be completely
pointless. Antony et al. (2016) discuss the primary problems associated with adopting LSS
across the UK public sector. Additionally, the authors give several specific instances drawn
from three to four distinct public sector firms that demonstrate the effectiveness of the

Lean Six Sigma methodology and accompanying technologies in the public sector.
» Lean Six Sigma in Healthcare

LSS is used in a wide variety of healthcare operations; however, a particular emphasis is
placed on patient flow and appointment management in various departments, such as a
doctor’s clinic (Lummus et al., 2006) and mental health screening (Aleem et al., 2015). As
with education, health-related publications examine a variety of broader organizational
concerns as well as case studies of deployments, including leadership obstacles (Waring &
Bishop, 2010), implementation barriers (de Souza & Pidd, 2011), and policy challenges
(Rodgers et al., 2021).
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A literature survey discovered a variety of applications for Six Sigma in healthcare,
including admission, discharge, and critical and cardiac care (de Souza & Pidd, 2011).
Curatolo et al. (2014) studied the literature on Lean implementation in hospitals. While
there are several examples of Lean in action, the evaluation notes the absence of a
consistent approach in all implementations and a lack of maturity in the papers evaluated.
Leggat et al. (2015) discussed the potential for quality improvement to increase efficiency
and effectiveness in healthcare and discussed the difficulties associated with human
resource management in an environment where practitioners strongly influence their
duties. More broadly, they encapsulate the critical nature of incorporating personnel in any
process reform or quality endeavour. D’Andreamatteo et al. (2015) identified several
broader issues that needed to be addressed, including the absence of a common definition
of lean, the need to explore a more blended approach of Lean Six Sigma, and the need to

critically review both failures and successes.

LSS implements the DMAIC process, incorporating tools from both ideologies (Albliwi et
al., 2015). Additionally, LSS tackles the fundamental cause of process flow and waste
problems and lowers variance within a process (Bhat et al., 2014). As such, LSS has the
potential to contribute just as much to healthcare businesses as it has to industrial industries
(Laureani et al., 2013). Following this initial success with LSS in the healthcare industry,
other LSS initiatives have been implemented to enhance procedures in various areas of
healthcare. This has not been without difficulties; for example, Laureani et al. (2013)
asserted that the healthcare sector's deployment of LSS has experienced the same
constraints as other industries. Several studies have extensively cited successful projects in
healthcare. Good examples are the reduction in waiting time during the registration process
(Bhat et al., 2014), a tertiary care otolaryngology clinic (Lin et al., 2013), an audiology
clinic, and the reduction of turnaround time in a medical records department (Huddle et al.,
2016). Trakulsunti & Antony (2018) add that LSS is a practical improvement approach that

may minimize medication mistakes, enhance patient safety, and save operational costs.

Antony & Kumar (2012) argue that hospitals must use an integrated Lean and Six Sigma
strategy and emphasize the need to pay attention to the predefined core flow. If Lean is
applied alone, it is possible to enhance process flow speed, but this may result in a
dissatisfied patient owing to the physician's lack of attention. On the other side, if Six
Sigma is used exclusively, the patient experience will be enhanced. Still, the medical
facility will not sustain the requisite patient volume to be financially sustainable (Antony
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& Kumar, 2012). The LSS method aids the healthcare organization in developing a culture
of continuous improvement, ensuring superior results in terms of quality, speed, and cost
promptly (Ahmed et al., 2013). Thus, LSS provides an efficient framework for systematic
and ongoing improvement in healthcare. The approach aims to reduce healthcare
expenditures while improving the quality of care, patient safety, and patient experience (de
Koning et al., 2006).

Numerous healthcare business researchers have implemented LSS in various areas to
enhance quality, decrease wait times, and speed up processes, among other things. Black
(2009) examined LSS and concluded that while it is a structured approach for altering
processes, it does not adequately account for the complex social interactions that result in
the formation of processes in organizations such as hospitals. Mozammel & Mapa (2011)
discussed nurse shift directors, who are accountable for the effective use of nursing
employees and patient placement and work as liaisons to enable communication and issue-
solving inside the healthcare institution. Bhat et al. (2014) examined the effective
implementation of the LSS method in the Indian healthcare business by using it throughout
the hospital registration procedure. Similarly, Bhat & Jnanesh (2014) investigated the
effect of implementing the LSS approach on the cycle time of an outpatient department

service at a rural hospital.

Kulkarni et al. (2011) used LSS to establish and modify critical processes to reduce waste
and improve quality. Similarly, Shirey et al. (2017) examined the LSS in the quality
improvement approach concerning facilities management services in a healthcare
company. It discusses the healthcare business's current issues and how to overcome them
through LSS. There has been considerable interest in using LSS to help prevent drug
mistakes. According to (Trakulsunti et al., 2020), the United States of America is the
leading country using Lean, SS, and LSS to decrease hospital prescription mistakes.

2.2.9 DMAIC phases

LSS is a synthesis of the Lean and Six Sigma concepts, and its origins are mainly based on
the synergies these two separate methodologies give one another. LSS follows the same
DMAIC improvement method as Six Sigma but incorporates Lean and Six Sigma tools
into the various phases. Whereas Six Sigma focuses mainly on defect and variation
reduction, Lean emphasises process standardization, simplicity, and waste reduction
(Pepper & Spedding, 2010).
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DMAIC is a proven framework used for statistical data analysis to improve performance
(Mancosu et al., 2018). The DMAIC abbreviation stands for (Define, Measure, Analyze,
Improve, and Control). DMAIC was initially built for Six Sigma for its implementation on
projects through the different stages (Erdil et al., 2018). Moreover, variant tools and
techniques used by LSS can be integrated with each phase of DMAIC (Youssouf et al.,
2014). Belts system (MBB, BB, GB, YB, WB) used with the entire DMAIC; aims to
determine the source of process variation and sustaining achievement over time (Breyfogle
I11, 2003; Kumar & Antony, 2008).

The DMAIC methodology optimises corporate processes, identifies, and resolves issues.
The DMAIC model enables the identification of a problem, the establishment of key
metrics, the implementation of solutions, the establishment of processes, and lastly, the
management and improvement of the implementation process. The DMAIC cycle focuses
on continual process improvement to meet client demands. DMAIC phases are briefly
explained as the following (Breyfogle 111, 2003; Kwak & Anbari, 2006):

1. Define Phase

Define is the initial stage in the DMAIC process. This process begins with a determination
of the nature of the problem. The issue might be a financial worry, a customer issue,
process inefficiency, a product failure, or a flow bottleneck, to name a few. It is critical to
properly comprehend and describe the project's consumer to create goals. Furthermore, the
'define’ step identifies a process needing improvement. The 'define' phase's objective is to
specify the project's scope and objectives (Jugulum & Samuel, 2010). The project's
resources comprise personnel and other expenditures visible at this point. Costs and
benefits estimates enable the team to conduct a rigorous analysis of the project's viability.
This stage establishes a project charter to ensure that pertinent information is kept current
and accessible to all participants. This charter contains general project information, scope
and description, team organization, key performance indicators, and milestones. The
charter is produced at the define phase, but it will be maintained during the project and will
serve as part of the project's documentation once it is complete. Figure 8 shows some of

the most often used tools during the Define phase.
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e Value Stream Map
e A3 Report
*5S

¢ Relation Diagrams
e Process Flowchart

Measure Analyze Improve Control
Define

Figure 8. Define Phase tools.

2. Measure Phase

After defining the business challenge, the project moves to the measurement phase. The
project team will identify the work processes associated with the challenge at this phase.
After identifying connected processes, the processes' flow, feedback loops, measurement-
control points, and hand-offs between organizational groups are mapped. Once this
information is gathered, the processes may be split into logical models that give
quantitative insight. Process assessment can then be carried out using actual process data to
confirm the validity of the results (Kumar & Gupta, 1993).

The process evaluation also necessitates collecting data on the process's performance. A
significant portion of the measure phase ensures that the necessary data is available and
accurate. It is not commonplace for data to be required to be measured or gathered before
the project. As a result, the project may involve establishing a new measuring system or
enhancing an existing one. This ensures that improvement efforts are concentrated on the
areas with the highest potential for change concerning the specified business challenge.
Once the present level of performance is determined, it will be compared to the maximum
level of performance feasible without significant expenditure. The optimal performance
baseline may be established in various ways, including historical performance

comparisons, process benchmarking, and engineering maximum capacity estimations.
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When the present and ideal performance levels are established, the project's future benefits
may be assessed more precisely. Figure 9 illustrates many of the instruments utilized

during the measurement process.

* Histogram

« FMEA

*  Measurement System Analysis
* Benchmarking

* Pareto Chart

Measure Analyze Improve Control
Define

Figure 9. Measure Phase tools.

3. Analyze Phase

The first two phases of DMAIC have defined the business problem, identified relevant
processes, and assessed current performance. The analysis step aims to identify the most
significant sources of controlled variation within the identified processes, from which the
problem's improvement possibilities and fundamental causes may be found. In other
words, now that the processes' output performance is known, the attention will turn to
analysing the inputs contributing to the output performance.

The "analysis' step analyzes the data to ascertain the most likely sources of the defect or
problem. After identifying essential elements, the emphasis is turned to determining the
core reasons for these factors' inadequacy in performance during the ‘analysis’ phase.
Statistical techniques are used to verify that the analysis is objective and fair. These
techniques determine the amount of variation given to the total process variance by each
element. As a result, this assists in determining which inputs are most critical to overall
performance. Additionally, any interaction effects between the variables will be measured.
Occasionally, the number of components is enormous, and in this case, a Pareto chart can
be used to prioritize hypothesis testing.

Figure 10 shows some of the most commonly used tools in analyzing phase.
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¢ Cause and Effect Diagram
¢ Regression Analysis

¢ 5-why analysis

e Brainstorming

o ANOVA

Measure, . Analyze Improve Control

Figure 10. Analyze Phase tools.

Define

4. Improve Phase

The improvement focus has been decided upon due to the preceding processes. The
Improve phase identifies and validates the elements that push the process toward the
statistical solution: variance reduction, mean shift, or both. Before the intended change is
noticed due to modifying the components, the solution is not verified. Validation is
frequently accomplished by testing, frequently referred to as the design of experiments
(DOE). After validating the solution, essential elements will be handled to ensure robust
performance. Additionally, it should be recognized that not all changes are beneficial.

Thus, assessing the solution's impact on the whole system's performance is critical.

After collecting and analyzing data, the improvement phase will begin by identifying
strategies to remove the identified sources of variance. The 'improve’ step is fine-tuning the
essential components to ensure that the end outputs meet pre-defined quality requirements.
Certain restrictions, such as workforce reductions and new technology, must be addressed
when the project team designs alternate procedures (Michael, 2003). Figure 11 illustrates

many of the most often used tools during the Improvement phase.
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e Scatter Diagram
o Matrix Diagram
e58S’s
o Kaizen
e Poke-Yoke

Measure Analyze Improve
Define -

Figure 11. Improve Phase tools.

5. Control Phase

Finally, a strategy for systematic improvement maintenance will be developed during the
control phase. The process owner has to manage the process and its outcomes throughout
the ‘control’ phase, i.e., the phases following the optimization. Wherever feasible, foresee
problems that will arise while implementing the enhanced procedure. The DMADV cycle
is employed for freshly formed processes, replacing the improvement and control phases
with the design and verify phases (Madhani, 2018). The control phase's objective is to
guarantee that the changes stick and become ingrained in how things are done. If an even
better way of doing things is discovered and validated, should the enhancements be
rescinded (Michael, 2003). Figure 12 illustrates the most often used tools during the

control phase.
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e Error proofing

e Work Standardization

e Control Plan

o Statistical Process Control
(SPC)

Measure Analyze Improve Control
Define
A

Figure 12. Control Phase tools.

2.2.10 Tools used in implementing LSS

DMAIC is the primary framework used by LSS, which mainly consists of five stages. Each
stage could use different tools (Maleszka & Linke, 2016). The implementation of LSS in a
sequential way starts from the define phase, where the problem statement is defined, and
the value-added and non-added-value processes are defined through applying different

tools, for instance, stream mapping (VSM) (Pepper & Spedding, 2010).

The Maleszka and Linke (2016) study showed that the appropriate LSS tools positively
affect the working process (Maleszka & Linke, 2016). Some LSS tools can be used in
more than one phase of the DMAIC as an essential tool; for instance, CTQ (Critical to
Quality) is obligatory for the DMAIC approach. Other tools can be recommended or
suggested for another phase; for example, SIPOC (Supplier, input, process, output, control)
is recommended for the Define phase and suggested for the measure phase. Some tools can
be used for only one DMAIC phase; for instance, FMEA (Failure Mode and Effects
Analysis) is obligatory for the define phase only (Maleszka & Linke, 2016).

Although choosing the tools during the implementation of LSS depends on different
factors such as size and structure, using no limiting tools increases the desired
improvements in performance (Alhuraish et al., 2016). However, the main challenge in
implementing LSS in services sectors, especially in financial services, is choosing the

appropriate tools at the appropriate time (Antony et al., 2017). Lean Six Sigma employs
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tools from both toolboxes to gain the most from the two techniques, increasing speed while
enhancing accuracy. The following subsections detail some of the LSS tools cited in the

literature.

e Histogram

A histogram is a fundamental quality management tool to summarize, visualize, and
analyze process data. Additionally, it may be viewed as a graphical depiction of a table
indicating the percentage of cases falling into each defined category. Karl Pearson (1857-
1936) invented it to illustrate the probability distribution of continuous data Histograms are
constructed from tabular frequencies represented by contiguous rectangles that span
discrete intervals and have an area equal to the frequency of the observations inside the
interval. It is a data analysis tool that may examine data fluctuations within variable

intervals.

e Scatter Diagram

A Scatter diagram is a tool used to enhance the overall quality and uniformity of products and
organizations. Additionally, it is known as a scatter plot, scatter diagram or X-Y graph. It
illustrates the potential link between two distinct variables through data points on a graph.
Correlation is the term used to describe the relationship between two distinct variables.
Correlation can be positive, negative, or null. When variables are plotted, their proximity to
forming a line determines their degree of connection. Correlation is denoted by the direction
of the graphical data points. If both variables rise in the same direction, the connection is
positive. It is negative if one variable rises in the y-direction while the other decreases in the

x-direction. Additionally, if there is no direction, the correlation is nil.

e Pareto Diagram

The Pareto Chart, named after Italian economist Vilfredo Pareto (1848-1932), is a quality
control tool for determining the percentage of issues linked to each occurrence. The bar
chart and line graph combine to form this graphic. Chart with frequency causes plotted on
the X-axis, and cumulative percentages plotted on the Y-axis. Each defect category and the

proportion of each defect kind are listed in column format.

The Pareto chart is frequently used in both the measure and analyze stages of the DMAIC
approach and is widely utilized in non-manufacturing applications of quality improvement

methods. It assists the analyst in determining which flaws occur the most frequently in
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management. When combined with the check Sheet, the examined flaws form the most
often occurring deformities. Then, divide each incidence by one hundred per cent and
construct a cumulative line at nearly one hundred per cent as possible. Pareto analysis is a
practical statistical approach for determining which activities contribute to an overall
outcome. It is predicated on the 80:20 rule, which argues that most issues (say, 80%) are
caused by a small number of factors (say, 20 per cent). Concentrating on 20% of critical

issues can significantly decrease the number of difficulties (Modi & Doyle, 2012).
e Process Flowchart/ Mapping

A process chart is a graphical depiction of the stages or activities (workflow) that comprise
a process, beginning with raw materials and ending with the final result. It is used to
examine the process to discover opportunities for improvement thoroughly. It is a versatile
instrument used in engineering, business, and other spheres of life. Process charts may
describe and evaluate processes, convey steps to other stakeholders, standardize processes,
enhance processes, identify bottlenecks, and troubleshoot problems (Boutros & Cardella,
2017).

e FiveS’s

5S is a management approach developed by Takshi Osada in the 1980s to help
organizations create and preserve a high-quality, productive, and safe work environment. It
eliminates waste from an ill-organized workspace (e.g., wasting time looking for a tool).
The 5S is self-sustaining, with the advantages resulting from a disciplined workforce
(Zailani et al., 2015). The five phases of 5S are sorting (to eliminate superfluous objects),
shining (to keep the workspace clean), setting in order (to maintain everything in its proper
place), standardizing, and sustaining (to ensure continuation) (Khlat et al., 2014).

Perhaps the most often utilized Lean tool is 5S. By implementing 5S first, organizations
face the danger of their improvement emphasis becoming absorbed by 5S, detracting from
the other effective strategies that will result in systemic change. It is not to argue that 5S is
not a robust method; instead, it is self-limiting unless applied as part of a more extensive,
well-managed program (Pepper & Spedding, 2010). 5S is a methodology for establishing
and maintaining an organized, clean, efficient, and high-quality workstation. 5S is not
confined to manufacturing; it is effective in other sectors, such as administration. 5S is

derived from five Japanese words:
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1S Seiri — Sort: Sorting needed and non-required stuff; removing unnecessary ones. Seiri
symbolizes 'organization,” which means putting everything in order (Kobayashi et al.,
2008). It entails a concerted effort of organization and self-control. Seiri's objective is to
retain only necessary elements in the workplace (Khanna & Gupta, 2014). The advantage
of the 1S strategy is that it eliminates dangers and clutter obstructing practical work.
Employees want clear guidance on detecting and categorising superfluous objects
(Michalska & Szewieczek, 2007).

2S Seiton — Storage: The term "set in order"” refers to organizing essential materials and
things appropriately to minimize wasteful employee mobility and material movement (Patil
et al., 2016). It focuses on developing systematic and adequate storage systems to manage
the products and parts in an easy-to-use manner. 2S activities include characterizing each
object, utilizing colour to facilitate reorganization, conserving comparable goods, storing
different items, and utilizing racks, shelves, and shadow boards to organize tools (Moradi
et al., 2011). Essentially, the seiton addresses how quickly you can obtain the items you

require and how quickly you can remove them from a distance.

3S Seiso — Shine: After removing superfluous materials from the workplace and correctly
organizing the remaining equipment and parts, the following step is to thoroughly clean
and maintain the work environment (Patil et al., 2016). Seiso is an efficient activity that
maintains a clean and orderly work environment. From the top to the bottom management,
everyone in the organisation plays a critical part in keeping the workplace tidy and sanitary
(Randhawa & Ahuja, 2017).

4S Seketsu — Standardize It refers to standardizing work areas via the development of
methods to sustain the first three pillars' success. It places a premium on establishing self-
contained, neat operating processes to keep the complete work environment. Standards
should be clear, concise, and simple to comprehend (Michalska & Szewieczek, 2007). 4S
should be used in routine operations, such as manufacturing and storage, and management
processes, such as bookkeeping, customer service, accounting, and human resources.
Employees contribute significantly to the development of standards in any organization.
Employees should be aware of their obligations, and housekeeping activities must be
fulfilled consistently (Gupta & Jain, 2014). Visual management solutions should enable
employees to act rapidly at all times and boost overall employee morale in the workplace
(Ahuja & Singh, 2018).
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5S Shitsuke — Sustain to adhere to 5S principles through audits, job inspections, and
visualizations of 5S team performance (Maleszka & Linke, 2016). Sustain may be
described as adequately maintaining equipment using the necessary processes. This needs
proactive adjustments in people's behaviour patterns at all organizational levels to
accomplish goals efficiently and effectively (Kobayashi et al., 2008). Shitsuke translates as
ingraining the capacity to accomplish things the right way. Sustain is a critical component
of industrial safety. Everyone should develop the habit of following simple safety
principles (Ahuja & Singh, 2018).

e Failure Mode and Effect Analysis

According to a survey of the historical literature, FMEA was created in the early 1950s in a
defence laboratory in the United States of America (Sutrisno & Lee, 2011). FMEA is
unusual because it quantifies failures on three dimensions: incidence, severity, and
detection (Sharma et al., 2007). The sum of these quantifiable percentage values is the Risk
Priority Number (RPN). Actions must be advised to keep the RPN value to a minimum.
Thus, FMEA enables the recording of failures and the implementation of corrective steps

to mitigate or eliminate their severity and occurrence (Sivakumar et al., 2008).

The FMEA approach is used to analyze potential failures to improve safety and, as a result,
customer satisfaction. Its objective is to reduce costs while enhancing dependability,
customer happiness, and market share. It is dependent on the principle of failure
prevention. One of the primary distinctions between FMEA and other quality assurance
approaches is that FMEA is an active process, whereas other methods are inert (based on
reaction). Thus, when failures occur, additional methods describe some possible responses.
However, reactions incur high costs and resources. FMEA aims to quantify potential
problems and associated risks and then decide on activities that would mitigate or
eliminate these risks (Khalili et al., 2017).

e Kaizen

In 1950, Japan created the notion of kaizen. Kaizen is a compound term that combines the
principles of Kai (change) and Zen (good) to mean "for the better” (Gupta & Gupta, 2017).
Kaizen requires a premium on details and common sense to make every individual in the
organization more intelligent (Asada, 2000). Kaizen is a concept based on continual

learning and improvement of the standard operating procedure in the workplace (Topuz &
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Arasan, 2013). Kaizen is more than a continual improvement process; it embodies the daily
conflicts in the workplace and how these problems may be conquered (Malik et al., 2007).

Kaizen event application includes defining the area to be improved, analyzing and
selecting critical problems, identifying the root cause of the problem, enhancing project
execution, measuring, analyzing, comparing outcomes, and standardizing processes
(Kraszewski, 2005). Kaizen's concepts and ideas are analogous to quality control
management, six-Sigma, and Lean manufacturing. The discipline focuses on resolving
issues and seeking the best solutions (Folinas & Ngosa, 2013). Kaizen assists in identifying
hidden wastes in manufacturing processes, determining their fundamental cause, and
recommending the best feasible remedies. Therefore, Kaizen is one of the structural repair
techniques that an organization may utilize to efficiently manage its work environment

while enhancing staff procedures and efficiency (Chittipaka & Sagi, 2012).

Numerous sectors might benefit from kaizen events since they boost a company's
efficiency and aid in producing high-quality products. Benefits from kaizen initiatives may
be obtained with the slightest effort (Reid, 2006). Kaizen is no longer confined to the
industrial sector; it has expanded to encompass all facets of business, including the
software and service industries (Cheser, 1998). The success of kaizen efforts is strongly
dependent on collaboration. Chiarini (2012) identified and contrasted six critical systems:
management style, end outcomes, system development, customer demands, personnel
management, information technology, technology, and frequent examination of situations
and system stabilisation. Kaizen event efficacy is critical to quantify, and several case
studies are crucial for determining its success. Kaizen's advantages include superb quality,
financial savings, increased safety, shorter delivery times, and increased productivity (A.
Gupta & Gupta, 2017).

e Cause and Effect / Ishikawa Diagram

A fishbone diagram is a problem-solving diagram used to determine the root causes of an
issue. Causes are often classified into broad groups to determine the root cause of an issue.
Individuals, techniques, machines, materials, measurement, and environment are

frequently included in the categories (Modi & Doyle, 2012).

Through brainstorming approaches, it enables methodical examination of all probable

reasons. Kauru Ishikawa created it to assist a group in focusing on particular areas for
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development throughout a linear process. The cause-and-effect diagram was used to
narrow the focus of attention on the core causes of the threats previously identified as "the
important few." Through systematic brainstorming of possible contributing elements to
each danger, a thorough grasp of the current condition of operations was gained. When a
single contributing component, such as a lack of expertise, regularly appears as a
secondary contributing factor to the main contributing factors, a comprehensive cause-and-
effect diagram assists in finding fundamental causes. Finally, the cause-and-effect diagram
guides a Lean Six Sigma team in determining which data to gather and which actions to

take in response to the discovered problem's likely causes.
e Benchmarking

Continuous quality improvement, which is at the heart of TQM, has been demonstrated
through benchmarking during the previous two decades. While benchmarking is primarily
concerned with comparing a higher product or performer, it also implies that any gaps
discovered during the comparison process be efficiently closed to increase the product's
quality. Camp & Camp Robert (1989) detailed the success story of Xerox Corporation of
the USA and inspired numerous firms worldwide to use benchmarking to enhance their
products and services. Simultaneously, several experts and practitioners have developed
benchmarking frameworks with varying phases. It's worth noting that while benchmarking
also requires a set number of stages to be followed sequentially, there is no consistency in

the number of steps used by various firms.

In practice, benchmarking typically entails the following: regularly comparing aspects of
performance (functions or processes) to best practices, identifying performance gaps,
seeking new approaches to improve performance, implementing improvements, monitoring

progress and evaluating the benefits (Gershon & Rajashekharaiah, 2013).
e Poka-yoke (Mistake Proofing)

Poka-yoke is a quality assurance procedure invented by Japanese engineer Shigeo Shingo.
Poka-yoke is one of these error-proofing methods (also referred to as mistake-proofing). In
the Japanese language, this phrase is referred to as ‘poka’, which means a mistake, and
'yoke', which means prevent, i.e., a strategy for preventing or proofreading errors. Poka-
yoke establishes procedures for minimizing faults by preventing or fixing errors during the

early design and development phases. Although this approach is primarily employed in
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manufacturing, it is increasingly being modified in software development processes
(Khalili et al., 2017).

The poka-yoke method applies to all operations that include human error. Assuming that
everyone commits errors, emphasis must be paid to minimizing and eliminating them
(Maleszka & Linke, 2016). The poka-yoke system comprises three fundamental
components: contact, counting, and motion sequence. Each strategy employs a distinct
approach to process prevention when dealing with abnormalities (Khalili et al., 2017).

o Value Stream Mapping

A value stream map (VSM) is a subset of a flow chart that employs unique symbols
(Bicheno & Holweg, 2009). It is used in industrial firms to visualize and enhance the flow
of inventories and information. It indicates where delays occur, allowing you to optimize
the flow and reduce waste (Molnar et al., 2018). VSM adds the most value to the consumer
by utilizing a comprehensive value-creation process with the least waste possible. VSM
assists in displaying the process's present condition (Modi & Doyle, 2012).

Value stream mapping is a technique for visualizing the movement of materials and
information. It enables tracking all actions from when a consumer places an order to when
it is delivered (Molnér et al., 2018). Additionally, it highlights both value-adding and non-
value-adding actions. Value stream mapping consists of two critical steps. The initial stage
is to create a map of existing processes for a selected group of items, which will be updated
to incorporate all pertinent information about the present state. The second stage is
building a map of a desired future state, a vision of the desired state (Maleszka & Linke,
2016).

Abdulmalek & Rajgopal (2007) and Lian & Van Landeghem (2002) have all researched
the combination of VSM with simulation. Compared to paper and pencil, the software
allows more incredible data to be represented. A plethora of VSM software (for example,
eVSM) is accessible on the internet. Such software provides a dynamic (rather than static)
representation of the value stream, enabling the user to observe proposed modifications'
"real-time" impact. Essentially, it enhances the flexibility and knowledge improvement
teams have at their disposal. The Lean concept must be viewed holistically. To establish a
Lean business, VSM must be used carefully before other approaches, such as 5S (Pepper &
Spedding, 2010).
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2.3 Knowledge management

Today, the world is witnessing many changes and developments that directly affect the
work of business organizations. In this rapidly changing global environment, especially
after the Second World War, the economic concept came that knowledge is a strategic
element. Therefore, it gives the organization a competitive advantage of paramount
importance and supports it in keeping pace with all the developments and changes in its
work environment and facing competitors' fierceness. Management scholars see that
renewable and innovative thought and knowledge are among the essential means of
success for organizations, whether private or public, regardless of their objectives and the
nature of their work and activity. This vision and this modern management thought forced
the organizations to re-form themselves, and it forced them to re-engineer their work to
keep pace with the knowledge-based organization model that we produce and disseminate
(Kordab & Raudelitiniené, 2018).

Without the proper knowledge, the organization cannot sustain a tremendous competitive
advantage in a highly dynamic environment. Therefore, affording documented experiences
to most of the employees is an important decision that should be taken by top management
in the organization (Chawla & Joshi, 2010). In response to the need to organize knowledge
in the current environment, knowledge management became a crucial discipline practised
by most successful organizations for over 30 years (Girard & Girard, 2015). Nowadays,
organizations are increasingly interested in leveraging KM tools as an adequate basis for
the processes of creativity and innovation in the organization and as a foundation for
administrative guidance in achieving efficiency, effectiveness, and outstanding

performance (Raudelitiniené et al., 2018).

One of the main concepts of KM is Knowledge Generation and Knowledge Sharing.
Knowledge Generation is the interaction between implicit and phenomenal knowledge
through which new knowledge is created, derived and structured within the organization to
secure different types of knowledge in future decisions (Chen et al., 2009). Knowledge
Sharing is the purpose of exchanging and sharing different kinds of knowledge among
individuals and interacting in dialogues with others inside and outside the organization. It
provides cooperation between them to form new mental ideas, reach and work
simultaneously on the same document and from different locations, and coordinate
activities (Majchrzak et al., 2004).
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2.3.1 Data, Information, and Knowledge

A range of unorganized and unprocessed facts is known as data. After data is assessed, it is
transformed into information. Every sort of organization needs data in some form, but they
must recognize how much data is sufficient. Too much data may leave employees
bewildered about how to evaluate or process the data to transform it into information.
Therefore, the business must establish early on which types of data are helpful, timely, and
accurate. Unlike data, information has a defined purpose and significance, facilitating
decision-making processes. Information is the source of knowledge, but only if it is
comprehended. Knowledge ultimately affords a business a competitive advantage.
Therefore, a business needs efficient processes that turn data into information and
knowledge (Ghaziri & Awad, 2005).

Knowledge has been defined as actionable related information gathered from previous
experiences of the people (Davenport & Prusak, 1998). Moreover, Knowledge is classified
according to (Lundvall, 2006) into four sections. Know-what expresses knowledge about
facts that can be encoded. Know-why is about knowing about principles and laws. Know-
how means the skills and ability to perform a particular task successfully. Know-who is
about knowing who knows what and how. There are many divisions of knowledge,
perhaps the most famous of which is the Nonaka division, which divides knowledge into

tacit and explicit knowledge.
2.3.2 Explicit and tacit knowledge

Most literature defines two types of knowledge: explicit and tacit (Nonaka, 1994). Explicit
knowledge is information encoded in an external medium, such as paper documents,
computer databases and files, and business procedures (Sternberg & Horvath, 1999). Tacit
knowledge is accumulated experiences in the person’s brain, including cognitive learning
and technical skills. Tacit knowledge is considered valuable, although it is hard to manage
(Dalkir, 2005).

The primary distinction is in how knowledge is shared. Because explicit information is
obvious, expressed, and can be summed up, it is easier to convey and share. In contrast,
implicit information is intuitive, making its distinction difficult. Dombrowski et al. suggest
that a significant portion of human knowledge is implicit (Lam, 2000). Moreover,
according to (Dombrowski et al., 2012), implicit knowledge is action-oriented and
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personal, making it difficult to transmit. There must be intimate contact and a shared
understanding for tacit knowledge to exist. On the other hand, explicit knowledge may be
explained and simplified, and it can be conveyed independently of subject or time and

location.

Figure 13 iceberg example demonstrates that explicit information is easily observable and
tangible in nature, unlike tacit knowledge. Individuals recognise it as their knowledge
(Anttila et al., 2001). A more considerable fraction of knowledge (tacit knowledge) cannot
be observed, quantified, or easily communicated since it is innate to individuals and

beyond what can be documented (Haldin Herrgard, 2000).

Explicit Knowledge:

& Data, information
& Documents

& Records

& Files

5%
95%

Tacit Knowledge:

& Experience
& Thinking

& Competence
& Commitment
& Deed

Figure 13. The Iceberg analogy Explicit and Tacit knowledge
Source: (Anttila et al., 2001)

Organizations should keep documentation of past experiences and make it accessible to
others so that as many individuals as possible will be aware of past events and be able to
profit from them, enhancing their ability to make judgments on various organizational
challenges (Chawla & Joshi, 2010).

It is vital to document and organize data. Old employees' expertise, knowledge, and
wisdom may be saved and used to educate new ones. Therefore, the organization converts
the tacit knowledge into explicit knowledge by applying different techniques, such as

experience groups (Mclver et al., 2013).

In organizations, there are four tacit and explicit knowledge transmission mechanisms

Figure 14: socialization, externalization, internalization, and combination (Nonaka, 1994;
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Nonaka & Konno, 1998). Socialization is conveying tacit information to another
individual, who encodes this new tacit knowledge. Socialization can be conducted
casually, such as over coffee, over lunch, or officially, as in a mentorship program. Due to
the personal character of tacit-to-tacit information transmission, hierarchical management

structures do not encourage this knowledge exchange.

Externalization encodes tacit information in an explicit format, such as email or business
correspondence. Internalization is the process of gaining access to explicit knowledge,
which is subsequently "learned" by the individual and incorporated into their tacit
knowledge resources. When explicit sources, such as a vast organizational database, are
accessed and understood by an individual, context is always added to knowledge. The
combination is the translation of explicit information into a new explicit format, which
may include the inclusion of additional contexts or simply modifying the explicit
knowledge's encoding format. Externalization, internalization, and combination are all

assisted by research in information technology.

GROUP
To Tacit o Explicit
Knowledge Knowledge
N— =
- =0
== = 2 . . .
R Socialization Externalization
— =E = i ) ) o
T RS Tacit = Tacit T'acit = Explicit
s
=
= -
= =3 Internalization Combination
= = Explicit = Tacit Explicit = Explicit
= =2
=

Figure 14. The organizational knowledge creation model
Source: (Nonaka & Takeuchi, 1995)

2.3.3 Knowledge Management definition

According to the researchers, many definitions are provided to explain the concept of
Knowledge management. KM is defined as the creation, interpretation, dissemination, and
use of knowledge (O’Dell & Hubert, 2011b). Where others defined KM as an approach to
improving and simplifying the process related to the knowledge within the organization,
including creating, capturing, sharing, distributing, and understanding knowledge (Girard

& Girard, 2015). KM can also be defined as an interaction between technologies, tools, and
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human resources that help organizations acquire, transfer, share, apply and use
organizational knowledge to use organizational goals, problem-solving, decision-making,

learning, and strategic planning (Dalkir, 2005).

It is a systematic and organizationally defined process for sharing, transferring, creating,
utilizing, and archiving company data to improve organizational performance (Davenport
& Prusak, 1998; Shahzad et al., 2016). KM is also defined as accumulating and generating
knowledge efficiently, facilitating sharing of knowledge, and managing its base to improve
the organisation effectively (Akbari & Ghaffari, 2017). Organisations can improve the
knowledge collection, use, and dissemination process to enhance their memory and
improve its utility by finding systematic mechanisms to link workers to knowledge sources
(Kordab & Raudelitiniené, 2018).

In light of the previous definitions, the researcher believes that knowledge management is
a dynamic process that includes activities and practices aimed at identifying, developing,
distributing, using, preserving and facilitating knowledge retrieval. As knowledge
management is a sequential and integrative process, as one stage depends on the other,
integrates with it and supports it.

2.3.4 Knowledge Management Processes

Laudon & Laudon (2004) believe that knowledge management seeks to obtain knowledge,
document it, organize it and enable access to it. These operations have become a strategic
asset that depends on the success and survival of the organization. Kucza (2001) indicates
that the general task of knowledge management is to manage the process of creating,
storing and sharing knowledge, in addition to other related tasks. Rashid et al. (2021) stress
that most of the concepts of knowledge management, its approaches and models focused
on that knowledge management are a set of processes directed towards creating, capturing,
storing, sharing, applying and reusing knowledge.

The primary purpose of knowledge management is to provide the proper knowledge to the
right person at the right time, thus increasing the efficiency and effectiveness of the
decisions taken (O’Dell & Hubert, 2011b). King (2009) indicates that knowledge tool
processes improve business, including creativity, individual learning, group learning and
decision-making. Consequently, it improves intermediate processes, including

organizational behaviour, decisions, processes, products, services and customer relations,
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leading to improved strategic performance. KM processes are a sequential and
complementary series despite the differences between researchers and writers in
determining their number and name (Kordab & Raudelitiniené, 2018). The four core KM
processes identified by Mertins et al. (2001), including knowledge creation, storage,
distribution, and application, will be adopted in this work. Brief explanations of each are
addressed in the following paragraphs:

1- Knowledge Creation

As per Wee & Chua (2013), knowledge creation refers to developing new ideas through
explicit knowledge interactions between people. The process of acquiring knowledge
comprises the organization's ability to extract information and ideas from the external and
internal environment (Mills & Smith, 2011). Therefore, knowledge enters organisations by
enabling employees to learn from external sources, such as developing greater awareness

of customer directions (Sangari et al., 2015).

Concerning knowledge creation and knowledge access, Lueg (2001) claimed that
knowledge is dependent not only on information processing but also on standard
clarification of the information and the weighting of the knowledge. Moreover, employees
at all levels arrange meetings to exchange information and develop constructive
conversations to accomplish the organization's goals. Some academics define knowledge
generation as the interaction between tacit and explicit knowledge, manifested through four
modalities of knowledge conversion: socialization, externalization, combination, and
internalization. Socialization is the process of transferring tacit knowledge from person to
person. In contrast, externalization converts tacit to explicit knowledge. The combination
combines different forms and sources of explicit knowledge, such as documents and
computerized data. Finally, internalization is the process that converts explicit to tacit
knowledge (de Sousa & Van Dierendonck, 2010).

Knowledge generation entails exchanging and disseminating human experience; it occurs
at two organizational levels: between individuals and organizations. Sharing between
people brings together individual distinctions and may be utilized to generate new
information. Still, sharing between organizations is a potential source of knowledge and is

crucial for knowledge acquisition (Gold et al., 2001).

2- Knowledge Sharing
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Knowledge sharing refers to knowledge distribution, transfer, and diffusion (Newman &
Conrad, 2000). Knowledge transfer is the first step in implementing knowledge sharing
and is concerned with appropriate knowledge to the right person at a reasonable cost
(Kénsdkoski, 2017). Knowledge transfer refers to joint activities with the flow of
knowledge from one group to another, including communications, translation, transition,
technical aspects, and performance. Most knowledge processes are carried out through
communication as it is considered more flexible and easier to move across the

organisational units.

3- Knowledge Application

Knowledge Application grants individual and group learning processes that lead to new
knowledge creation. This process refers to knowledge use, reuse, and exploitation. Hence,
it is often called a closed-loop KM process (Mills & Smith, 2011). All KM processes are
not helpful unless knowledge is put to practical use. Workers must realize that knowledge
is available and have sufficient freedom to use and apply it, which requires a culture to
support learning and change (Chang & Lin, 2015). Through tools such as experience
groups and quality circles, businesses transform implicit information into explicit
knowledge for application. Experience-based knowledge is applied by organizations in the
form of problem-solving and the creation of new products and services (Jensen et al.,
2007).

4- Knowledge Storage

Knowledge storage processes are those processes that include retention, maintenance,
search, access, and retrieval. The storage of knowledge is essential, especially for
organizations with high employee turnover rates, as those employees often take their
undocumented tacit knowledge with them (Kianto et al., 2016). The process of storing
knowledge goes into organizational memory in various forms, including written
documents, stored information in electronic databases, human knowledge stored in expert
systems, and knowledge stored in documented organizational procedures and processes
(Sangari et al., 2015).

Information and communication technology is essential in improving and expanding
organizational memory and retrieving stored information and knowledge. Knowledge

storage bridges knowledge capture and retrieval (Vahedi & Irani, 2011). Tools such as the
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Knowledge Directory and the Document Management Model are used to access

knowledge.

2.3.5 Benefits of knowledge management

It has been demonstrated that a company's intellectual capital is precious if it is to endure
economic downturns. This occurs because the globe has transitioned from an industrial
economy, in which the fundamental consumptions were material-based (e.g. assembly
lines and hierarchical control), to a global, decentralized, information-driven economy
saturated with data (Paliszkiewicz, 2021). Powell & Snellman (2004) argued that
organizations are progressively moving toward a knowledge economy by depending more
on intellectual talents than physical inputs and knowledge-intensive activities in production
and service delivery. The knowledge economy is defined as production and services based
on knowledge-intensive activities that contribute to faster technical and scientific progress

and quick obsolescence (Sukharev, 2021).

Quast (2012) provides three reasons why managing knowledge is essential to company
success, highlighting the significance of KM. It aids decision-making by giving managers
the facts and knowledge required to make better, more educated, high-quality judgments
that are advantageous to their organization. Knowledge management creates a learning
organization by integrating Cl into daily activities and assignments and highlighting
successes and failures. This allows a company to increase its expertise and enhance its
business procedures. It promotes cultural transformation by encouraging managers to share
their ideas and insights, frequently resulting in innovation (Sin et al., 2015).

With KM's adoption, employees' training requirements may be identified and increased
appropriately. By analyzing the workforce's knowledge gaps, managers may build training
programs tailored to each employee's job requirements and aligned with the organization's
strategic objectives. It also harvests tacit knowledge by inventing tools and ways for people
to use in the workplace, enhancing businesses' value-creating ability. This may be
accomplished by building communities of practice (CoP) where team sharing and
communication can be promoted and implementing systems that assist it (Pefiarroja et al.,
2019).

Dalkir (2013) sees the importance of knowledge on three levels:
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e At the level of individuals: It helps individuals during a business performance by

saving time by improving the decision-making process, solving problems,

enhancing community ties within the institution, and increasing the opportunity to

achieve goals.

e At the level of groups: it works on developing functional skills, enhancing the

effectiveness of networks, collaborative work, and sharing knowledge in

developing the language of participation within the organization.

e On an organizational level: Knowledge management contributes to driving the

strategy, achieving its goals, and disseminating best practices within the

organization, thus improving the integration of knowledge. Moreover, it increases

opportunities for innovation and building organizational memory.

2.3.6 Knowledge management impediments

Knowledge management faces several problems during implementation (Argawi et al.,

2018), including the following:

Isolation: the implementers of the knowledge management system may work
away from other employees, which causes them to be isolated. This may lead to
building capabilities and capabilities that are compatible with the personal
system's beliefs, which is reflected in their conviction of the operational and
functional activities and works that the higher management may not prefer.

The lack of a sufficiently qualified HR to carry out the knowledge
management tasks indicates an evident lack of training programs and targeted
quality.

The lack of the necessary infrastructure means failure that leads to negative
repercussions for the organization.

The gap between potential and ambition: knowledge management, after its
application, is expected to achieve the competitive advantage that the

organization seeks.

Pfeffer & Sutton (2000) indicate that there are errors in knowledge management during its

application in the organization, including a lack of procedural and practical definitions of

terms and a monopoly of information by senior management. Therefore, it prevents access

to stakeholders and circulation at the middle and lower levels. It is not employing
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knowledge to spread a shared understanding about issues and phenomena related to its
topics. The knowledge difference level among the workers leads to different attitudes
about the interpretation and justification of knowledge. Moreover, one of the leading
knowledge barriers is a lack of interest in tacit knowledge from which explicit knowledge

can be derived.

The application of knowledge management also faces a set of challenges, which are as
follows:

o Organizational culture: Knowledge management requires the prevailing cultural
values to be appropriate and compatible with continuous learning and knowledge
management principles. Effective lea