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ABSTRACT

This study is about the development of decision support instrument for selecting lean
tools and techniques based on the contingency factors to help Malaysian organizations
to select the right lean tools and techniques based on their context. Most of the prior
studies were found focusing on the selection lean tools but did not assess the critical
contingency factors that may influence the selection of lean tools and techniques.
Adding to that, there were no similar studies on the selection of lean tools and
techniques within the Malaysian context. The right tools and techniques to be used
may vary depending on several factors, therefore to keep away from unnecessary waste
and dissatisfaction, it would be better for organization to choose the right lean tools
and techniques that will fit with organization’s situation and give benefits to the
organization. A mixed-methods study exclusively focused on the development,
evaluation, and refinement of a decision support instrument or specifically known as
“Decision Aid for Lean Tools and Techniques Selection” (DEALS) was used. The
developed decision support instrument, which incorporates 10 most widely used lean
tools and techniques was emphasises the use of holistic processes which start from
diagnose their current state of waste until the guidance of selecting the appropriate lean
tools and techniques. Additionally, contingency factors were employed to include
multifaceted viewpoints and contexts in the development of DEALS, such as the
adeptness to acquire the commitment and support from the top management and the
advantages of implementing lean tools and techniques. The developed decision
support instrument includes two selection methods, namely (1) simple additive
weighting (SAW) for basic selection and (2) analytic hierarchy process (AHP) for
more advanced selection. Based on the evaluation results, all respondents (100%)
agreed on the usability, accuracy, and novelty of DEALS as well as the relevance and

validity of the selection and the clarity of the purpose of DEALS. The final results of
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validation testing also shows less than 5% errors when comparing final results of
DEALS with two established software which are Expert Choice 11 software and Super
Decision Software. By having this DEALS, it expected significantly benefit to
managers, practitioners, consultants, researchers, and academicians as a guidance
instrument in the selection of lean tools and techniques and generally to organization

to have knowledge workers.
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ABSTRAK

Kajian ini adalah mengenai pembangunan instrumen sokongan bagi membantu
membuat keputusan dalam memilih alat dan teknik lean berdasarkan faktor
kontingensi dalam membantu organisasi di Malaysia memilih alat dan teknik lean yang
tepat berdasarkan konteksnya. Sebilangan besar kajian terdahulu didapati
memfokuskan pada pemilihan alat lean tetapi mengambilkira faktor kontingensi
kritikal yang dapat mempengaruhi pemilihan alat dan teknik lean tersebut. Selain itu,
didapati tidak ada kajian yang serupa mengenai pemilihan alat dan teknik lean dalam
konteks Malaysia. Alat dan teknik lean yang betul untuk digunakan mungkin berbeza-
beza bergantung pada beberapa faktor, oleh itu untuk mengelak daripada pembaziran
dan ketidakpuasan yang tidak perlu, lebih baik organisasi memilih alat dan teknik lean
yang sesuai dengan keadaan organisasi agar dapat memberi manfaat kepada organisasi
tersebut. Kajian ini menggunakan kaedah mod-campuran, secara eksklusifnya
berfokus kepada pembangunan, penilaian, dan penyempurnaan instrumen yang
dibangunkan atau secara khusus dikenal sebagai “DEALS”. Instrumen ini,
menggabungkan 10 alat dan teknik lean yang paling banyak organisasi di Malaysia.
Instrument ini menekankan penggunaan proses secara holistik di mana bermula dari
mendiagnosis keadaan semasa sisa di organisasi sehingga panduan memilih alat dan
teknik lean yang sesuai dengan mengambilkira faktor-faktor luar jangka yang
mempengaruhi pemilihan alat dan teknik lean, seperti keupayaan mendapatkan
sokongan dan komitmen dari pihak pengurusan atasan dan faedah yang diperolehi
setelah melaksanakan alat lean yang dipilih. Dua kaedah pemilihan digunakan, iaitu
(1) Simple Additive Weighted (SAW) bagi pemilihan asas dan (2) Analytical
Hierarchical Process (AHP) bagi pemilihan yang lebih terperinci. Berdasarkan hasil
penilaian, semua responden (100%) bersetuju ciri-ciri instrument yang dibangunkan
seperti kebolehgunaan, ketepatan, kesesuaian dan kesahihan pilihan. Hasil akhir

pengesahan juga menunjukkan kesalahan kurang dari 5% dengan pembandingan
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bersama dengan dua perisian dipasaran iaitu perisian Expert Choice 11 dan perisian
Superdecision. Dengan adanya DEALS ini, diharapkan dapat memberi manfaat yang
pengurus besar pengurus organisasi, eksekutif, perunding, penyelidik, dan ahli
akademik sebagai instrumen sokongan dalam membantu memilih alat dan teknik lean

dan secara umumnya dapat melahirkan pekerja yang berpengetahuan di dalam

organisasi.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Fundamentally, organisations need to fulfil the needs and demands of all relevant
stakeholders (e.g. customers, employees, shareholders, supply chain partners, and
communities) in order to remain competitive and relevant in this unpredictable market
[1]-[6]. The growing demands for high-quality products and services within a shorter
period of time at lower cost have highlighted the need for the organisations to
constantly improve their performance. Therefore, organisations need to efficiently and
effectively identify the best approach in terms of time and cost without compromising
their commitments and circumstances.

Some of the key operational methodologies for organisations to increase and
maintain their playing point in the global business market involve incremental
redesigning and development [7]-[9], which highlight the significance of
implementing “improvement initiatives” at the organisational level. Examples of
improvement initiatives (in the forms of approaches, systems, tools, and/or techniques)
include business process re-engineering, environmental management system, lean
production, six sigma, and product life cycle management [3], [10].

In this study lean production was selected to be focused on the selection of
appropriate lean tools and techniques. The increasing number of lean tools and
techniques in the market for selection has become a challenge for numerous
organisations [11]-[16]. Moreover, adequate time, financial capability, and knowledge
are necessary for organisations to select the most beneficial and appropriate lean tools
and techniques [3], [17]-[19] according to the organisational goals, available

resources, and circumstances.



Furthermore, there is no single lean tools and techniques that can holistically
address all issues within an organisation [3], [15], [17], [20], [21], as each lean tools
and techniques has its own strengths and limitations and can differently influence the
performance of the organisation [22]. There are various aspects that influence the
selection of the appropriate lean tools and techniques, such as staff competence, areas
in need of improvement, and organisational size and age [3, 15, 16].

The need of lean tools and techniques in waste elimination or reduction can be
seen in several studies and the research interest to lean tools and techniques is at the
increasing trend. It tallies with the searching results by using keyword “lean tools” in
Science Direct search engine by filtering publication in 2010 to 2020 as shown in
figure 1.1. It shows that, lean tools are very significant field to be explored by focusing

on different perspectives.

Number of publications regarding lean production from
2010 to 2020

250

236 5y
210 208
200 182 191
157
15
g 121

10
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(=] (=] S
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Figure 1.1: Number of publications using keyword lean tools in 2010-2020



Number of publications by using difference keyword in
Science Direct search engine in 2020

Lean Challenges
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Lean Index
Lean Framework |
Lean Implementation ® 69
Lean Tools ™ 118
Lean Production m=m 226
Lean Manufacturing m=sm 3]6
Lean tools and techniques. . — ————————————— | 572
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Figure 1.2: Number of publications by using difference keyword in Science Direct

search engine in 2020

Figure 1.2 shows that, by using few keywords downloaded on January 2021,
there is a huge number of documents found the Science Direct search engine. When
arranging the number of documents, it shows that keyword of methodology of lean
selection is the highest number of publications followed by the lean tools and
techniques selection and others.

In view of the above, the current study very significant to be explored and
exclusively focused on the following lean tools and techniques selection based on
interview with lean experts: (1) 5S; (2) cellular manufacturing (CM); (3) Kaizen; (4)
poka-yoke (mistake proofing); (5) standardised work; (6) value stream mapping
(VSM); (7) Jidoka; (8) Kanban; (9) plan-do-check-act (PDCA); (10) total productive

maintenance (TPM).

1.2 Problem Statement

Most organizations face difficulties to select appropriate lean tools and techniques due
to numerous tools available [11]. Current studies show that, there are more than 50
lean tools and techniques that are widely used, depending on the size of the industries
such as 5S, Kanban, Kaizen, Cellular Manufacturing, Value Stream Mapping and

others [25]. In Malaysia, various studies were found related to lean production tools
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and techniques adoption and implementation especially in automotive [26]—[28],
electrical and electronic [29] and food and beverage industries [30] in order to achieve
higher performance improvement. Each lean tools and techniques also has its own
purpose, strengths and limitations. There is no one best lean tools and techniques that
can solve all organisational problems [3], [31]. The most appropriate lean tools and
techniques selection depends on the context or factors in which it is adopted. Selection
and implementation of lean tools & techniques also required time, resources, financial
and knowledge [3], [31]. Therefore, to keep away from unnecessary waste and
dissatisfaction, it would be better for organizations to choose the right lean tools that
will fit with organization’s situation such as availability of resources and others and
give benefits to the organization.

However, to date, the selection of lean tools and techniques using a rational
decision-making process within the Malaysian context has been less explored.
Focusing on that, this study aimed to develop a decision support instrument for the
selection of appropriate lean tools and techniques using simple additive weighting
(SAW) for basic selection and Analytical Hierarchical Process (AHP) for more

advanced selection.

1.3 Aim and Objectives of the Research

The general aim of this study was to develop a decision support instrument for the
selection of appropriate lean tools and techniques. The specific objectives of this study

are as follows:

1. To identify the critical contingency factors that influence the selection of lean
tools and techniques.
ii. To explore the currently available decision support instruments for the
selection of lean tools and techniques.
iii.  To propose and evaluate a decision support instrument for the selection of lean
tools and techniques.
iv.  To validate the proposed decision support instrument with the existing

established software.



14 Scope of the study

Firstly, this study exclusively focused on 10 main lean tools and techniques that are
widely used in the Malaysian manufacturing sector because of the technical constrains.
Secondly, the selection of appropriate lean tools and techniques in this study was
performed, with the inclusion of 10 contingency factors that influence the selection.
With respect to the objectives of this study, the rational decision making of selecting
appropriate lean tools and techniques was explored, which did not include the adoption
and maintenance of lean tools and techniques. Additionally, the development of the
proposed decision support instrument in this study specifically made use of both SAW

(for basic selection) and AHP (for more advanced selection).

1.5 Research Questions

With respect to the objectives of this study, the following research questions were

addressed:

1)  What are the critical contingency factors that influence the selection of lean tools
and technique?

i1) What are the currently available decision support instruments for the selection of
lean tools and techniques?

ii1) What are the strengths and limitations of the currently available decision support
instruments?

1v) What are the strengths and limitations of the proposed decision support instrument
in this study?

v) How are the design, steps, and content of the proposed decision support
instrument?

vi) How can the proposed decision support instrument be improved?

vii) How does the proposed decision support instrument perform against other

decision support instruments available in the market?



1.6 Significance of the research

The need to select appropriate lean tools and techniques was deemed significant due
to several reasons. Firstly, the selection of appropriate lean tools and techniques can
prevent any wastage of resources and guarantee satisfaction in terms of organisational
performance considering the extensive amount of time and resources (e.g. financial
resources and knowledge) involved in determining appropriate improvement
initiatives for implementation [3], [17]. Secondly, the number of available lean tools
and techniques continue to increase annually. With the wide availability of these tools
and techniques in the market, organisations need a reliable and valid decision-making
aid or support to select appropriate lean tools and techniques [3], [17] according to the
existing organisational contexts and circumstances [3], [32]-[34]. However, only a
few prior studies focused on the selection of lean tools and techniques [3], [17],
particularly within the Malaysian context, which highlighted the significance of the

current study.

1.7 Thesis Outline

As illustrated in Figure 1.1, this thesis consists of six chapters, which are organised as

follows:



Chapter 1:
Introduction

\ 4

Chapter 2:
Literature review

;

Chapter 3:
Research Methodology

\ 4

Chapter 4:
Results and Discussions

\ 4

Chapter 5:
Development, evaluation, refinement, and
validation of decision support instrument

|

Chapter 6:
Conclusions & Future
Recommendation

Figure 1.3: Thesis Outline

Firstly, Chapter 1 presented the background of study and problem statement.
This chapter also described the objectives of this study as well as the scope and
significance of this study.

Following that, Chapter 2 reviews relevant literature on lean production and its
principles as well as common lean tools and techniques. Apart from the types of wastes
in different manufacturing organisations, this chapter also includes the discussion of
the rational decision making using SAW and AHP. Besides that, this chapter also
reviews the contingency factors that influence the selection of lean tools and
techniques. In addition, this chapter reviews prior studies on the selection of lean tools
and techniques to aid the development of a decision support instrument for

manufacturing organisations.



Chapter 3 specifically describes the employed research design and data
collection in this study. In particular, this chapter justifies the adopted methods in the
different stages of this study. Besides that, this chapter also describes the validation of
the developed decision support instrument in this study.

Meanwhile, Chapter 4 presents the demographic profile of the survey
respondents and discusses the obtained results of the exploratory survey. This chapter
also presents the results of the semi-structured interviews. The results specifically
include the profile of interviewees, interview findings, key factors of the selection of
appropriate lean tools and techniques, and the types of waste versus lean tools and
techniques based on the interviewees’ experiences also had been discussed.

In addition, Chapter 5 discusses the development, evaluation, refinement, and
validation of a decision support instrument in selecting appropriate lean tools and
techniques. Apart from that, this chapter also presents the interface of decision support
instrument that incorporates both SAW and AHP. Basically, the proposed decision
support instrument was developed, evaluated, refined, and validated as a decision-
making tool in this study for the manufacturing organisations to select appropriate lean
tools and techniques based on their available resources and constraints.

Last but not least, Chapter 6 is the final chapter that presents the summary of
main findings with respect to the objectives of this study. This chapter also describes
the contributions and limitations of this study. Several recommendations for future

research are also presented in this final chapter.



CHAPTER 2

LITERATURE REVIEW

2.1 Introduction

This chapter reviews relevant literature on lean tools and techniques. This chapter first
introduces lean production and its principles, which also include some of the most
widely used lean tools and techniques across industries. Following that, this chapter
also includes the discussion of the rational decision making using SAW and AHP. In
addition, this chapter presents a comprehensive review of prior studies on the selection

of'lean tools and techniques. A chapter summary is presented at the end of this chapter.

2.2 Lean production

Taiichi Ohno and Shigeo Shingo from Toyota Motor Corporation, Japan first
introduced “Toyota Production System” (TPS) and coined the term “lean production”

(or “lean manufacturing”) back in the late 1980s [35], [36].

The concept of lean production has gained global recognition as an essential
practice for manufacturing organisations. In general, lean production describes an
approach that encourages the execution of specific practices with the aims of reducing
waste and enhancing work performance [37]. Unlike the conventional mass production
approach, the implementation of lean production approaches is broadly perceived to
be more cost- and time-effective [38].

Lean production emphasises optimising the consumption of resources by
eliminating or minimising waste in the production or manufacturing process. Table 2.1

describes seven types of waste that are perceived as non-added value activities: (1)
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overproduction; (2) waiting time; (3) transportation; (4) inventory; (5) inappropriate
processing; (6) excess motion; (7) product defects [35], [39], [40]. Examples of lean
tools and techniques include 5S, cellular layout, just-in-time (JIT), Kanban, Kaizen,
pull production system, single minute exchange of dies (SMED), total quality
management (TQM), and value stream mapping (VSM) [41], [42]. With the
appropriate lean tools and techniques, enhanced work performance (e.g. high-quality
outcomes, optimised usage of resources, and shorter operational time) and even better

financial performance are expected.

Table 2.1 The description of seven types of waste [43]

No Type of waste Description

-Product made for no specific customer
-Development of a product, a process or a

1 Over production ; oy .
manufacturing facility for no additional value.

) . As people, equipment or product waits to be processed
Waiting it is not adding any value to the customer.

-Moving the product to several locations

-Whilst the product is in motion it is not being

processed and therefore not adding value to the

customer.

4 Storage of products, intermediates, raw materials, and
Inventory so on, all costs money

3 Transport

‘ When a particular process step does not add value to
5 | Over processing the product.

-The excessive movement of the people who operate
the manufacturing facility is wasteful. Whilst they are
in motion they cannot support the processing of the
product

-Excessive movement of data, decisions and
information.

Errors during the process either requiring re-work or
7| Defects additional work.

6 Motion
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2.3 Lean Production Principles

TPS introduces the concept of lean thinking (LT), where value-added activities and
non-added value activities are distinguished to ensure every process or step adds value.
TPS is a unique approach that aims to minimise waste in production or manufacturing.
It emphasises the significance of adding value to the organisation at lower cost by
eliminating waste. JIT and Jidoka, which are represented by two main pillars in the
construction of the “House of TPS” (Figure 2.1), establish the underlying basis of TPS
[43].

/\

Highest quality, lowest cost, shortest lead time by
eliminating wasted time and activity

Just in Time Culture of Jidoka

JIT) Continuous e Manual or

o Takt Time Improvement automatic line stop

e One-piece o Separate operator
flow and machine

activities
e Error-proofing
e Visual control

e Pull system

Operational Stability

Heijunka Standard Work TPM Supply Chain

Figure 2.1: ‘House of TPS’ [43]

In particular, JIT involves a continuous series of processes that produce what
is needed for the next process with the aim of minimising inventories in every part of
the plant and reducing the setup time [44]. Apart from reduced inventories and lower
setup time, the implementation of JIT can improve quality, customer service, employee
skills, and overall productivity and profitability [45]. The concept of JIT involves

several components, namely Kanban, waste removal, takt time, SMED, and VSM.
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Meanwhile, Jidoka is a method of converging problems. Jidoka describes the
need to prevent defects and damage to the products and emphasises methods to prevent
any damage to the equipment or machine in the production or manufacturing, as any
equipment or machinery problem will interrupt the overall process from running
smoothly. Jidoka is synonymous with autonomous human touch sensing, which often
involves high-tech sensing equipment. Basically, a Jidoka system is set to prevent any
damage and initiate immediate response to quickly resolve any detected problem in
order to ensure an uninterrupted process of production and manufacturing. The concept
of Jidoka involves several components, namely 5S, poka-yoke, and visual control.

In lean production, achieving a lean expenditure by a rapid flow is the primary
goal, and the elimination of waste and disruptions and the development of a flexible
system are the supplementary goals [46]. As shown in Figure 2.2, the building blocks
of a lean system consists of four key components, which are (1) product design, (2)

process design, (3) personnel elements, and (4) manufacturing planning.

A balanced rapid
flow

Eliminate disruptions
Make the system flexible
Eliminate waste

Personnel
Elements

Process
Design

Manufacturing
Planning

Building
Blocks

Figure 2.2: Lean system by Stevenson (2012) [46]
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24 Lean production Tools and Techniques

Numerous lean tools and techniques are available for industries or organisations of
different sizes. As presented in Table 2.2, more than 50 lean tools and techniques are
available for execution across industries [30], [47], [48]. For instance, Matt and Rauch
[48] grouped a total of 37 lean tools and techniques that are widely used in Italy.
Meanwhile, there are 30 lean tools and techniques used in India [47]. There are 18 lean
tools and techniques that are available and widely used across automotive, electrical,

and electronics organisations in Malaysia [30].

Table 2.2: List of lean production tools and techniques widely used by industries for
the past ten years, 2010 — 2020.

[48] [47] [30]
No | Lean Production Tools & Techniques
Italy India Malaysia

1 |58 v ol v
2 | Cellular Manufacturing (Cell Layout) \ \ \
3 | Kaizen <\ N N
4 | Poka-yoke ( Mistake proofing) \ v v
5 | Setup Time Reduction (SMED) v v v
6 | Standardization v v v
7 | Value Stream Mapping (VSM) \ v \
8 | Jidoka (Zero Defect) v v v
9 | Autonomation N N

10 Overall Equipment Effectiveness N N

(OEE)

11 | Quality Function Deployment (QFD) \ v

12 | Statistical Process Control (SPC) \ \

13 | Andon (Lighting Signal) v
14 | Group Technology v
15 | Heijunka \
16 | Just in Time N N
17 | Kanban N N
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Table 2.2: List of lean production tools and techniques widely used by industries for

the past ten years, 2010 — 2020. (Continue)

[48] [47] [30]
No | Lean Production Tools & Techniques
Italy India Malaysia

18 | One piece flow v v
19 | Plan Do Check Act (PDCA) v
20 | Root Cause Analysis v
21 | Takt Time v V
22 | Total Productive Maintenance (TPM) \ \
23 | 5 Whys V
24 8 Steps Practical Problem Solving N

(PPS) Method
25 | Analysis of Variance (ANOVA) v
26 | Autonomous work groups
27 | Benchmarking
28 | Continuous Flow
29 | Continuous Improvement
30 | Design for Six Sigma (DFSS)
31 | Economic (optimal) lot size \
32 | Elimination of Waste v
33 Failure Mode Efffect Analysis N

(FMEA)
34 | First in first out (FIFO) \
35 | Fishbone Diagrams v
36 | Idea Management \
37 | Job rotation N
38 | Just in Sequence \
39 | Lean Office (Administration) \
40 | Line Balancing and Muda Reduction v
41 | Milkrun v
42 | Optimization of the supply chain \
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Table 2.2: List of lean production tools and techniques widely used by industries for

the past ten years, 2010 — 2020. (Continue)

[48] [47] [30]
No | Lean Production Tools & Techniques
Italy India Malaysia
43 | Pareto Analysis v
44 | PPS Simulation software
45 | Preventive maintenance
46 | Process Mapping
47 | Production Leveling
48 | Quality Circles \
49 | Quick & Easy Kaizen v
50 | Simulation software
51 | Supplier Development
52 | Visual Controls V
53 | Visual Management \
54 | Voice of Customer (VOC)
55 | Work Simplification
56 | Work station design \
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Figure 2.3 shows the analogy of filtration process for lean tools and techniques
selection. For the current study, a comprehensive review of related literature revealed
a total of 56 most commonly used lean tools and techniques in the market as shown in
table 2.2 before. Based on the priority of implementation across different countries,
including Malaysia by considering 2 out of 3 countries, a total of 22 lean tools and
techniques were identified. However, due to the technical constraint for this study, the
expert opinion method was performed, where by 3 experts was selected based on their
expertise in consulting varies industries in Malaysia in implementing lean. From 22
lean tools and techniques, these experts have shortlisted the most popular lean tools
and techniques among Malaysian organisations resulting in the final selection of 10
most commonly used lean tools and techniques: (1) 5S; (2) cellular manufacturing
(CM); (3) Kaizen; (4) poka-yoke (mistake proofing); (5) standardised work; (6) value
stream mapping (VSM); (7) Jidoka; (8) Kanban; (9) plan-do-check-act (PDCA); (10)

total productive maintenance (TPM).

Based on comprehensive literature
review for the current research of all
available lean tools and techniques.

56

Lean tools and techniques

Based on literature mapping review for
the most priority of implementation from

: various countries including Malaysia.
Lean tools and techniques

Based on interview with Lean Experts
(Shortlisted for the most commonly
used lean tools and techniques in
Malaysian organisations.)

Lean tools and
techniques

Figure 2.3: Analogy of filtration process of lean tools and techniques selection
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2.4.1 58S (Sort, Setting, Shine, Standardise, Sustain) System

One of the most popular lean manufacturing practices is the 5S. Through the 5S
system, organisations can enhance their overall performance in terms of operating cost,
productivity, lead time, equipment performance, work space quality, and delivery time
[49]. In general, the 5S system involves five specific steps [41]. Firstly, the first step
(Sort) involves creating an uncluttered and orderly work space, which includes
organising all equipment, materials, and tools and putting away unnecessary items that
can adversely affect work productivity.

The second step (Setting) involves creating a systematic order of items and
activities at work for an efficient work flow. For instance, every item is clearly labelled
and placed in a systematic order. The items and activities at work are purposefully
organised based on the following criteria: (1) items are properly labelled and stored
with visual confirmation; (2) items that are frequently used are placed in close
proximity; (3) items are arranged and stored visibly to minimise the need to open and
close the drawers or storage containers; (4) work guidelines are often updated and
presented at the work station; (5) ergonomic guidelines are incorporated into the work
and tool design; (6) key indicators and information boards as well as production goals
and status (e.g. inventory, training, and calibration) are displayed to provide clear
guidelines to all employees.

The third step (Shine) in the 5S system involves restoring the work station to
its orderly and organised state at the end of the working day or work shift through a
systematic cleaning approach. Appointed representatives come up with a specific
cleaning approach (e.g. tools and checklists) and examine the outcomes periodically.
Most importantly, these daily tasks should be routinely executed. This step ensures
that all items are placed and stored accordingly for the next use at any time.

The next step (Standardise) in the 5S system ensures that all employees
maintain the first three steps as part of their daily routine at the workplace. The work
details are formulated as work regulations that include procedures and checklists,
which are displayed at every work station after the first three steps are established.

The final step (Sustain) ensures the execution of a new organisational routine
and culture after the first four steps are established. In this step, the organisation

sustains the first four steps and does not revert to its prior routine.
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2.4.2 Cellular Manufacturing (CM)

A production layout is an approach of coordinating the physical formation of a
production facility according to a series of production steps [42]. The physical
formation of such facility that allows a smooth process flow can be established through
a lean operation [50]. In this case, cellular manufacturing (CM) is a single process that
involves organising all equipment and workstations in a specific, purposeful order for
a smooth operation with minimal interruption and transport [51]. Designing CM
mainly aims to form part cells, determine part families, and assign part families to the
corresponding machine cells for minimal intercellular movement. CM involves
clustering equipment and machinery according to the required process [52]. CM
minimises non-added value activities, such as unnecessary transportation and motions
of machinery, materials, and workers [5S1]. Based on a sample of 70 manufacturing
organisations in a prior study, the survey results revealed that the execution of CM can
reduce setup time, work-in-process inventory, material handling cost, and labour cost

as well as increase the quality and material flow [52].

2.4.3 Kaizen

Kaizen or also known as continuous improvement (CI) refers to improvement
initiatives that enhance success and minimise failure [53]. CI is important for
organisations to remain competitive in this market. In general, CI reflects the
underlying need for quality and worth; in this case, the organisation has to believe the
value of its long-term effort [54]. CI emphasises the management-driven factor that
propels organisational change. Effective strategies are executed to address the
identified causes of inefficiency at the workplace that are determined using CI tools.
A committed workforce, equipped with organisational knowledge base, is established
to eliminate the identified waste (e.g. idle time, unnecessary waiting time, or issues
related to inventory or resources) in a process with zero inventories. There are different
aspects that influence the success of CI, such as adaptation, employee perception,
implemented initiative, leader engagement, motivation, team work, and training.

Examples of CI mechanisms include problem-solving process, training tools and
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techniques, development of idea management, and development of a reward and

recognition system [55]-[57].

2.44 Poka-Yoke (Mistake Proofing)

Singo developed poka yoke as an autonomous defect control system in a machine that
examines all parts to ensure zero defects. Poka-yoke, which is also referred to as
mistake-proofing, aims to prevent the occurrence of errors or the adverse implications
of errors through specific process and design features [58]. Through poka-yoke, the
cause of any identified defective part is determined at source to prevent the transfer of

the defective part to the next workstation [59].

2.4.5 Standardized Work

Standardised work refers to value-added activities that go by the standard guidelines
at the workplace. A lean management mainly aims to minimise variability (e.g.
demand variability, manufacturing variability, and supplier variability) at every
chance. In this case, manufacturing variability involves inconsistency in the properties
and features of the products as well as production time that include downtime,
absenteeism, or competence of workers. The steps involved in standardised work
include process mapping, operator loading, and any approaches to minimise
inconsistency at source [60]. Standardised work is particularly beneficial to improve

the overall cost and quality of products when complex work activities are involved.

2.4.6 Value Stream Mapping (VSM)

Value stream mapping (VSM) involves mapping the flows of the required materials
and information to organise the work details of manufacturers, suppliers, and
distributors in order to deliver the products to customers. In VSM, the identified source
of waste and the opportunity to execute lean tools and techniques are first mapped,
which produces a current state map. The visual representation helps to facilitate the

identification of value-added activities in a value stream and removal of non-added
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value activities [61]. After the initial mapping, the next step in VSM involves mapping
a future state map based on the proposed improvement initiatives. It serves to reaffirm
the decision of implementing lean tools and techniques and subsequently, encourage
the actual implementation of the improvement initiatives in order to achieve the
anticipated outcomes. The details of the inventory, production time (e.g. process time,
lead time, and waiting time), and the process flow (to solve the bottleneck cycle time
against takt time) are clearly presented in VSM. An organised improvement initiative
is executed from the bottleneck area. However, it is not possible to predict the variation
in the inventory levels across different circumstances in the production process by
observing a future state map (a static map), which highlights the need for a simulation
tool [62]. Fawaz et al. [63] developed a simulation model of “before” and “after”
scenarios, which revealed lower production lead time and work-in-process inventory
and suggested the utilisation of a simulation model to examine the performance

measures prior to the lean implementation.

2.4.7 Jidoka

Jidoka improves the quality of the production process and its product through specific
practices, which include autonomation and mistake-proofing [64]. Jidoka can be seen
as a design equipment that initiates partial automation of the manufacturing process
and terminates the manufacturing process in the case of any defects [65]. With that,
multiple work stations can be simultaneously monitored for various aspects of quality,

resulting in lower labour cost and higher work quality.

2.4.8 Kanban

Taiichi Onho first developed Kanban (which means “card” or “visible”) to manage the
production process and execute JIT manufacturing at Japan’s Toyota manufacturing
plants. Basically, Kanban refers to a signalling card that contains details of the
quantity, origin, and destination of the product. Through Kanban, the handling of
materials and management of the inventory can be simplified. A small quantity of
materials are made available at the point of usage and restored when Kanban is issued,

instead of accumulating the materials in a large quantity at the production line [66].
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The execution of Kanban proposes a pull environment at the organisational level, in
which products are produced based on the data of consumed products, not the projected
data.

Basically, Kanban is implemented to produce products based on the signal
issued by customers or to restore the consumed products. The implementation of
Kanban helps the Toyota manufacturing plants to lower work in progress (WIP) and
inventory holding cost [67]. Besides that, other benefits of implementing Kanban
include lower inventory and overproduction and improved production flow,
responsiveness to demand changes, and ability to manage the supply chain [66],
resulting in enhanced performance metrics (e.g. overall organisational cost, delivery

time, and flexibility).

2.4.9 Plan-Do-Check-Act (PDCA)

Another basic lean tool or technique that is globally recognised and widely used in
numerous organisations is the plan-do-check-act (PDCA) cycle or Deming circle,
which was introduced by William Edwards Deming in 1950 [68]. Figure 2.4 illustrates
the PDCA cycle.

As compared to the “right first time” strategy, the implementation of PDCA 1is
deemed more effective in terms of performing and managing a task. PDCA promotes
a constant search for improved actions. There are two forms of corrective actions in
PDCA, which are temporary and permanent corrective actions. In particular, a
temporary corrective action incorporates only essential step to address and resolve the
identified issue whereas a permanent corrective action focuses on a thorough research

to remove the root problem and sustain the improved state after correction [68].
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Figure 2.4: PDCA cycle [68]

2.4.10 Total Productive Maintenance

Total productive maintenance (TPM) refers to an initiative that involves machine
operators for a continuous and efficient use of equipment and machinery [69].
Focusing on minimising the occurrence of equipment breakdowns, defects, and safety
problems [70], TPM establishes the underlying basis of lean maintenance and safety
[71]. Tt incorporates innovative management strategies and various characteristics of
productive and predictive maintenance [72].

TPM emphasises the reliability and effectiveness of manufacturing equipment
throughout its operating lifespan [71] based on an inclusive productive maintenance
system with the involvement of workers at all levels (from top management to daily
employees). Basically, it ensures periodic maintenance for equipment and machinery.
The involvement of workers is the essence of the TPM, in which the top management
supports and prompts workers to effectively operate and maintain the equipment and

machinery with care [71]. TPM contributes significant improvements in terms of
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(lower) failure time, availability of equipment and machine, safety measures, and

product and work quality [71].

25 Rational Decision making

Studies have stressed the significance of making rational decisions in the selection and
implementation of appropriate improvement initiatives [3], [73]-[76]. Rational
decision making refers to a logical expectation of achieving the best possible outcome
based on an accurate assessment of the relevant values and risk preferences [77]. A
rational selection of appropriate improvement initiatives is linked to a systematic
process that is specifically designed according to the organisational goals [78].
Accordingly, a decision is selected from a list of possible decisions based on multiple
criteria. Making an appropriate decision to achieve the best possible solution is a
challenge.

Addressing that, multiple attribute decision making (MADM) technique,
which is a part of multiple criteria decision making (MCDM) technique [79], is
introduced. MADM refers to evaluating, prioritising, and selecting an option from the
available “alternatives” of different “attributes”. In MADM, the relative importance of
each attribute is typically organised according to an ordinal or a basic scale, while the
problem is expressed in a matrix format that incorporates all possible “attributes”
(columns) and competing “alternatives” (rows). In particular, the term “alternative”
refers to action, candidate, option, or policy [79], while the term “attribute” refers to
goals or criteria. The attributes of the available alternatives are filtered or ranked for
selection [79].

The MADM technique can be incorporated into various methods, such as
weighted sum model (WSM) or simple additive weighting (SAW), weighted product
model (WPM), technique for order preference by similarity to ideal solution
(TOPSIS), and analytic hierarchy process (AHP). Table 2.3 presents the benefits and

drawbacks of each method.
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Table 2.3: The strength and weakness of each MADM [80]

Order Preferences
by Similarity to

use and program; the number
of steps remains the same

Methods Strength Weakness
Analytic Hierarchy | Easy to use; scalable; | Problems due to
Process (AHP) hierarchy structure can easily | interdependence  between

adjust to fit many sized | criteria and alternatives; can
problems; not data intensive. | lead to  inconsistencies
between judgment and
ranking criteria; rank
reversal.
Technique for | Has a simple process; easy to | Its use of Euclidean Distance

consider the
of attributes;

does not
correlation

method (WPM)

measure; thus, can be used in
single and multi- dimensional
MCDM. Instead of actual
values, it can use relative
ones.

Ideal Solutions | regardless of the number of | difficult to weight and keep

(TOPSIS) attributes. consistency of judgment.

Simple  Additive | Ability to compensate among | Estimates revealed do not

Weighting (SAW) | criteria; intuitive to decision | always reflect the real
makers; calculation is simple | situation; result obtained
does not require complex | may not be logical.
computer programs.

Weighted Product | Eliminate any unit of | No solution with equal

weight of decision matrices.

Therefore, for the current study, both SAW and AHP were considered, as these

methods. SAW was chosen because this method is simple and commonly used in

research such as in energy management decision [81], location planning [82] and

others. The former does not involve complex computer programmes, which makes it

suitable for making simple selections. Meanwhile, AHP was chosen because this

method also commonly used in currently research such as [83]—[87]. This method

involves a more comprehensive approach that calculates the inconsistency ratio to

screen the inconsistency rating in user judgement for optimised outcomes.
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