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Abstract 

India is the 5th largest automobile manufacturing country in the world after china, the 

USA, Japan, and Germany, Indian automotive industry including component 

manufacturing is expected to reach $250-280 billion in yearly turnover by 2026. The 

growth of global auto components OEM sourcing from India is impressive and notable. 

India is a leading exporting destination for OEMs worldwide - USA (22%), Germany 

(7%), Turkey (6.2%) U.K (5.1%), and Italy (4.1%). are major export destinations. The 

Indian automotive industry is one of the prime movers of the manufacturing sector and 

“Make in India" initiative. SME manufacturers are important contributors to Indian 

automotive industries. Automotive component manufacturers are facing a hard time due to 

global competition. Economic slowdown, rising electric vehicle market, fluctuation in 

demand, the higher variety of customers/products, and requirement for automation. 

Already in 2019, world auto production was down to less than 92.2 million cars, trucks, 

and buses a decline of almost 5% 2020-21 has been one of the toughest years in the history 

of the automotive industry due to the outbreak of a covid-19 pandemic. The demand is 

impacted and pushed all vehicle segments back to production and sales level of 5 years 

back. The automotive manufacturers and their vast supplier networks are defending all 

these resistances. Small and medium-scale auto component manufacturers have many 

limitations so the effect of global and domestic adverse factors on these manufacturing 

units is more intense. According to a recent survey, more than 22% of such manufacturing 

units in Rajkot and Vadodara are loss-making or are planning to shift to other businesses. 

Six Sigma and Lean Six Sigma are well-known methods for quality improvement and 

cost-effectiveness. Lean methods focus on waste reduction. It is a methodology for the 

identification and elimination of waste. These methods were developed by Eiji Toyoda of 

Toyota Corporation Japan. Six Sigma is a business improvement strategy that aims to 

reduce the number of defects, errors, and mistakes. The blending of lean and Six Sigma 

methods has brought miracles for many sectors worldwide. LSS is popularly used in 

chemical and general manufacturing. Pharma and IT sectors. It is derived that small and 
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medium-scale auto manufacturers are not much interested to implement though it is clear 

that LSS could bring positive change for these manufacturing units. 

 

 The current research was carried out to investigate critical success factors, performance 

outcome factors, important tools important impending factors, and co-relation between 

critical success factors and performance outcome factors for LSS implementation in small 

and medium-scale automobile manufacturing units. Important critical success factors were 

derived as the result of expert consultation and literature review. Well balanced 

questionnaire was designed which included all important aspects of LSS implementation 

for the targeted group of manufacturers. A model reflacting interrelationship between 

critical success factors and performance out come factors was developed using SPSS 

amus. It can be used for waste and defect reduction for small and medium scale 

automobile and allied industries. ANN was used to validate the model. 

 

The data was collected from field experts, academicians, and LSS practitioners. The 

important guideline was prepared for the implementation of LSS in the targeted group of 

industries. Important LSS tools were implemented in selected small-scale automotive 

manufacturing units. Notable reductions in rejection rate and cost of rejection were 

achieved.Direct measurable outcome were reduction in rejection rate and cost of rejection. 

Indirect outcome were reduction in inventory, maintenance and manpower requirement.  
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CHAPTER-1 

Introduction 

1.1 History of the Indian Automobile Industry 

Looking back at India's automotive history, we can see many stages in the expansion of this 

industry. Transport by road in India was revolutionized by the introduction of motor vehicles. 

This marked the beginning of the mechanical replacement of traditional modes of 

transportation by vehicles. Indian roads saw their first automobile in 1898, and from that year 

until the late 1920s, the country relied heavily on imported vehicles. Not even the slightest 

attempt was made to assemble the vehicle using components that were either entirely or 

primarily imported. 

There were a few companies set up in the early 20th century to assemble and service 

automobiles, for example. General Motors India Ltd. opened its Bombay facility in 1928, it 

assembled trucks and vehicles made from parts imported from the United States, while Ford 

Company of India Ltd. opened its Madras plant in 1930 and its Bombay and Calcutta plants 

ten years later. 

The manufacture of motor vehicles, as opposed to assembly, was prohibited in the country 

until 1948. After four or five decades of industrial development, the country's demands and 

potentialities were only partially met. There were just a few sectors of the economy that had 

been impacted by industrialization and contemporary technology. As a result of the economic 

growth of the past few decades, the standard of living and Jobs opportunities for most people 

have not much improved throughout this time period. 



Introduction 
 

2 
 

Even though this was the country's economic situation in the final years of World Conflict II, 

the war itself propelled the motor truck or freight automobile into prominence. 

According to the Indian National Congress' National Planning Committee of 1938, "the 

genuine, long-range importance of the new means of transportation and its place in India's 

planned economy"was acknowledged. They stressed that "an organized vehicle industry" 

should be established. In 1945, the government of India assembled a team of specialists to 

make proposals for the manufacturing of automobiles in India. As the panel concluded in its 

recommendation to government, "the promotion of transport vehicle industry was crucial in 

the national interest.” 

As a result of the recognition of the necessity to build an indigenous vehicle industry, two 

"pioneer" companies were formed in 1942 and 1944, Hindustan Motors Ltd and Premier 

Automobile Ltd, respectively. Assembling totally disassembled motor cars and manufacture 

critical automobile components, these two companies established the groundwork for a local 

automobile industry.  

Indian authorities tasked India's Tarih Commission in March 1952 with examining the 

business and recommending appropriate steps for its growth. Only enterprises with a 

Manufacture program should be permitted to operate, the Commission recommended, and 

those that were essentially assembly facilities for imported entirely knocked down autos 

should be requested to cease operations within three years of the publishing of its report. 

Therefore, only those units with a true program for the progressive manufacturer of 

automobiles were granted access to the country's limited automobile market. To meet 

demand, only a few models were chosen for Manufacture.  It was established in 1955 that 

there were six authorized automotive manufacturers: The companies are as follows:  

a. Hindustan Motors Ltd., Calcutta 

b. Premier Automobiles Ltd., Bombay  

c. Standard Motor Products of India Ltd., Madras  

d. Ashoka-Leyland Ltd., Madras  

e. Mahindra and Mahindra Ltd., Bombay  

f. Tata Locomotive Engineering Co. Ltd., Mumbai. 
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1.2Current Scenario of Automobile Industry 

 India is the 5th largest motor vehicle manufacturing country after China, USA, Japan 

and Germany includes passenger cars, light commercial vehicles, minibuses, trucks, 

buses and coaches. 

 India is the 4th largest passenger and commercial vehicles market (4.02mn.units) in 

the world {China (29.12mn.units), USA (17.58mn.units) and Japan (5.24mn.units)} 

and is expected to become the 3rd largest by 2026. 

 

 
FIGURE 1.1 Auto industry facts:India [1] 

 India is the 2nd fastest growing market for passenger vehicles globally, behind China, 

having expanded by 7% in 2017-18. 

 Automotive industry contributes 7.1% to India’s GDP and 45% to the manufacturing 

GVA. 

 Indian automotive industry (including component manufacturing) is expected to reach 

$250-280 billion in annual revenue by 2026, create 65 million additional jobs and 

contribute over 12% to India’s Gross Domestic Product. 

 India offers huge growth potential due to low vehicle penetration (32 vehicles per 

1000 people in 2015) and owing to its unique demographic dividend (66% of 

population under the age of 35). 
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FIGURE 1.2: Indian auto components industry turnover (Rs Crore/USS Bn) [2] 

 

 

FIGURE 1.3: Auto component Exports (USS Bn) [2] 

 
 

FIGURE 1.4: Auto components exports- 
Region wise [2] 

FIGURE 1.5: Export Destinations-TOP 10 Countries [2] 
 



Introduction 
 

5 
 

 

 
FIGURE 1.7 Value Exports of Vehicle (USD Bn.) [1] 

 
FIGURE 1.8 Value Exports of auto components (USD Bn.)[1] 

 Share of automobile sector in Gujarat’s overall FDI received is 13% as compared to 

5% in India’s overall FDI   

 
FIGURE 1.6 Major investments across the auto sector in Gujarat [1] 
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 Cluster development approach: Well-developed auto clusters inAhmedabad-Sanand, 

Mandal-Becharaji, Hansalpur–Vithalpur, Mehsana, Vadodara-Halol and Rajkot   

 Dholera Special Investment Regions (DSIR) will act as globalinvestment destination, 

supported by modern infrastructure, premium social infrastructure, civic amenities, 

and centers of excellence   

 Sound base: 30 clusters comprising castings& machine tools, brass parts, oil engines 

& electric motors, bearings, auto-ancillaries 

1.3 Initiative of Indian Government for Automobile Sector 

India's government and industry are working together to make India a global 

manufacturing and R&D destination under the MAKE IN INDIA initiative. TRIP centers 

have been established by the Indian Government as part of the National Automotive 

Testing and R&D Infrastructure Project. NAB acts as a bridge between the government 

and the industry, facilitating communication. To boost the sale of electric vehicles, the 

Indian government is doing everything it can. CNG distribution has risen from 125 

locations in 2014 to a predicted 962 cities in 2022. Luxury automobiles are expected to 

sell over 150,000 units by 2022. 

Recent years have seen a steady increase in the Indian auto-components business. As a 

result, the end-user market has been growing; consumer sentiment has recovered and 

liquidity has returned to the banking sector as well. Infrastructural development is on the 

rise due to a stable government framework, improved purchasing power, and a huge 

domestic market. India is emerging as a major player in the car parts sector. Among the 

factors cited include a fast-rising end-user market, new consumer attitudes, and clear 

liquidity in the financial system. 

1.4 Lean Manufacturing 

The basic philosophy of lean manufacturing is to eliminate wasteful steps found in all 

processes used by a company to manufacture a product for its customers. The expenditure of 

any resources that does not create value for customer is wasteful and should be removed. 
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TABLE 1.1: Development of lean manufacturing 

Interchangeable parts Eli Whitney 1850s 

Modern machine tools begin to emerge  1860-1875 

Drafting and drawing standards are created  

Standardized tolerance system is developed 

Henry Ford 1860-1875 

Time study is developed and introduced 

Work standard methodology created 

Standardized work instituted 

Fredrick Taylor 1890-1910 

Time and motion studies 

Process charts 

Frank and Lillian 

Gilbreth 

1890-1910 

Assembly line 

Ford develops his modern management 

philosophy 

Vertical integration 

Flow manufacturing 

Henry Ford 1912-1926 

Statistical process control 

Total quality management 

Joseph Juran 

Edward Demming 

1942-1948 

Just-in-time manufacturing  

Toyota production system 

Stockless production 

Work teams 

5S housekeeping 

Quality circles 

Empowered employees 

Value stream management (focused factories) 

Eiji Toyoda 

TaiichiOhno 

1950-1985 

"Lean" means maximizing customer value and minimizing waste via continuous 

improvement, to put it in simple terms. This can be described in two words: continual 

improvement and respect for people (Organization culture). Lean business models require a 

move from traditional business models to lean business models. Expectations of customers 

have changed, and we're all adjusting to it. The industry and specialists are always challenged 
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by this transition to offering better products that are more valuable to the client. The industries 

are constantly striving to improve the value of products for customers. Researchers and 

innovation specialists are learning from client behavior about their wants, likes, and dislikes 

to improve their products and services. 

It became increasingly popular in the early 1990s, especially in the automotive and aerospace 

production industries, for many firms to consider lean manufacturing as a solution. 

Organizational culture and continuous development were given equal weight at Toyota, and 

both were emphasized. Maintaining a good company culture relies heavily on the 

contributions of individuals. The goal of continuous improvement is to increase the value of 

the technical system by utilizing it more efficiently. 

1.5 Fundamentals of Lean Manufacturing 

The fundamental principles of Lean were developed as a way for Toyota to catch up with 

American automobile manufacturers after World War II. These fundamentals have proven to 

be a sound business model that is unsurpassed at this time. The fundamentals are very simple. 

 Production leveling: Level loads on the production line so that everyone is equally 

busy from workstation to workstation, from the beginning of the production line to the 

end, with all supporting lines equally balanced to support the main line.  

 Production flow: Rearrange your factory into work cells and then production lines 

based on value streams.  

 Cost reduction: Continuous improvement, rapid continuous improvement, and 

numerous other terms all relate to the same thing: the continuous elimination of waste 

in a company's systems,  

 Just-in-time: Build what you need when you need it. Do not build to store in WIP 

(work in process) or finished goods inventory. If a company can achieve this ideal 

level of production, the end result will be zero inventory levels. Although few, if any, 

companies ever achieve this level, it is the ultimate goal. Think what your company 

might be like if you achieved this ideal state. You would save significant factory 

square footage, excellent inventory turns, and, as a result of the inventory turns, 
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reduced inventory carrying costs. That means less borrowed money and thus less 

interest cost. All these cost savings drop directly to the bottom line for improved 

profit. Another advantage is that in most cases your cash-to-cash cycle will be 

reduced. 

 Common-sense ideas: These are ideas that are simple and make a lot of sense. The 

ideas are not complicated or even difficult to implement, yet they provide excellent 

return for the time, effort, and cost expended. (For example, simply changing the way 

one company handled rejected material and processing of the paperwork reduced the 

time to close one scrap ticket from weeks to days.) 

 Power of teams and individuals: Optimizing and utilizing the skills of individual team 

members, while creating specialized skills as needed, strengthens your company's 

team members. Combining all these skills and orchestrating their usage is when you 

begin to truly see the power of teams and individuals. Football coach who lets the 

quarterback call his own plays, you as a manager must be secure and confident enough 

to let your staff and production workers call their own plays. This is your ultimate 

goal. 

1.6 Seven Critical Waste Described in Lean Manufacturing 

1. Overproduction: This is the most damaging of all the wastes because it produces more 

product than you have orders for, which means you over-staff, which creates excess 

inventory, adds carrying costs, and wastes valuable building floor space. 

2. Inventory: Excess inventory. Excessive amounts of raw material and finished goods 

cause longerlead times, goods stored for a long time can become obsolete, corroded, 

or otherwise damaged and should be scrapped. Excess inventory hides delivery or 

quality problems with suppliers or products, equipment downtime, excessive set-up 

times, and improperly balanced production lines and production bottlenecks.  

3. Waiting (idle time): Idle time or waiting time means that the machine operator is idle 

(not doing anything of value added to the product) while they wait for the next part to 

arrive or a machine to complete running a part. It can also mean the office worker who 

is standing in line for the copier. Some of the causes may be a production bottleneck 
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late arrival of parts from the supplier or warehouse, a machine or tool has broken 

down, etc. 

4. Unnecessary movement of material: Moving material (WIP or finished goods) into or 

out of storage when not necessary; moving material long distances to get to the next 

processing step. An example would be moving finished goods from the finished goods 

warehouse back to production for rework or moving material from one department or 

building to another for the next processing step. 

5. Over processing or incorrect processing: This is wastes, especially in regulated 

industries - when unneeded steps are needed to process a part or document.Incorrect 

processing is when a defect is created as a result of a process that is not needed to 

satisfy the requirements of the part specifications. Overprocessing can also mean 

producing a part with higher quality than is needed. This may be a result of poor part 

design. 

6. Motion: Any movement by an employee that does not add value to the product is 

wasted motion. This can mean reaching, walking, looking for tools, reading 

unnecessary paperwork, ergonomically incorrect movements, etc. 

7. Defects: Incorrect processing of a part or product that result in reworking, repairing, 

scrapping, or needing a production deviation for use. Any steps taken, including 

inspection, which did not create a part or product at an acceptable quality and 

specification the first time, would be considered waste. 

 

  

FIGURE.1.9 Seven Kind of wastes in Lean 

Manufacturing 

FIGURE.1.10 Statistical Concept of Six 

Sigma 
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1.7 Six Sigma Basics 

Organizations can enhance revenues by streamlining their operations, improving quality, and 

eliminating defects through Six Sigma. As its name suggests, Six Sigma is all about reducing 

variability in processes to an absolute minimum. They must limit the process variance to a 

level where there are less than 3.4% faulty parts per million parts produced. It involves 

delivering high-quality products and services while eradicating any internal flaws through the 

use of Six Sigma. Organizational goals are reflected in Six Sigma projects and activities. 

Customers, investors, and employees are the three main constituencies of any firm. They are 

translated by senior management into appropriate measures. This strategy is then translated to 

the goals and metrics. Because Six Sigma addresses all business processes and treats 

production as a system, it offers customers various benefits. As the product design cycle is 

shortened and operations become more cost-effective, the owners or investors will inevitably 

reap more benefits from the product design process. It's only natural that when employees 

become more productive, their compensation package would also improve. 

Motorola's Bill Smith, an engineer, published a paper in 1985 encouraging the development 

of deficiency parts. Those were the early days of the Six Sigma technique in the production 

industry. World-class firms such as General Electric, Johnson & Johnson, and Honeywell 

adopted the Six Sigma technique in the following years. Six Sigma, they argue, has benefitted 

them in a variety of ways. There are many statistical features to Six Sigma, which makes it a 

good fit for most firms. Getting the correct tasks done in the right way, speeds up 

improvement. It eliminates fear by transforming employees into change agents rather than 

change resisters. 

1.8 Defects (Flaws) and Six Sigma 

If an item has an internal flaw, it is usually rejected. Although external flaws can be addressed 

depending on the piece, doing so would add time to the production cycle, which would 

increase the cost. Since the products are designed to be rejected in large numbers, numerous 

types of costs are incurred, like raw materials waste handling and disposal costs etc. 

Traditional manufacturing organizations have no choice but to decrease waste and enhance 
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processes and operations to remain competitive. Six Sigma methodology is a highly data-

driven technique framed around Statistical Process Control (SPC) and its derivatives which 

addresses the variability in the production (or service) process. A process with 3.4 million 

errors per million opportunities can be created and executed using it. To optimize current 

processes, Six Sigma can be used in conjunction with DMAIC (Define, Measure, Analyze, 

and Control). It is also possible to apply Six Sigma for the design of new processes by 

modifying DMAIC [3] which is sometimes referred to as Design for Six Sigma. Through 

statistical process control, the purpose is to identify and control variations in the process or 

product. 

It's important to uncover the root cause of the problem and develop a solution using Six 

Sigma. Six Sigma, as its name suggests, is a comprehensive approach to continuously 

improving customer satisfaction and organizational profits through a systematic, integrated 

approach. General Electric began implementing Six Sigma in the mid-1990s after Motorola 

had created it. Studies show that Six Sigma is underutilized. In India, it's the same. Several 

service industries in India have reaped the rewards of this business improvement approach. As 

a business approach, Six Sigma isn't widely implemented in India's industrial industry due to 

several challenges. As an example, there is the Lean philosophy, which strives to optimize 

any company process by removing non-value-added tasks or "waste" (in Japanese, Muda). 

Lean concepts can be used to eliminate non-value-added (NVA) operations, notably in 

manufacturing. A variety of lean manufacturing tools and techniques are being used in the 

manufacturing industry to exchange knowledge and skills. 

1.9 Voice of Customer in Six Sigma 

Voice of the Customer (VOC) is used by Six Sigma to identify customer wants, transform 

them into specifications, and then employ them while building a product or service [4]. As a 

result of the addition of business and leadership concepts, a full management system was 

formed from the building blocks. 

Three defects per million opportunities (DPMO) are attained by following Six Sigma 

approach [6]. Anything that does not conform to a customer's specifications is considered a 

flaw. The abbreviation DMAIC [7] stands for defines, measure, analyze, improve, and 
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control, and it can be used to clients inside or outside of the organization. They are all meant 

to assist a firm enhance its business processes [8]. Using General Electric as a case study,[9] 

demonstrates the value of Six Sigma (GE). A five-phase process was used to solve specific 

problems in order to reach Six Sigma levels. As a result, Six Sigma began as a four-stage 

approach (MIAC). It was eventually decided to add the Define phase to highlight the 

necessity of having a well-scoped project (DMAIC). Workers in a Six Sigma organization 

must be trained in statistical methodologies so that they may continue to lead teams in finding 

and executing Six Sigma initiatives.  

1.10 DMAIC Frame work for Six Sigma 

Phase 1: Define 

a. The first phase consists of defining the following actions should be taken to 

identify any problems that are associated with the process: The Current Value 

Stream Map is constructed. VSMA general overview of the system should be 

achieved at this point. 

b. Document the Critical to Quality (CTQs). Workflow, customer, and quality are the 

three main categories. Find out what's wrong (s) the problem(s) associated with the 

process can be identified by correlating the present VSM and CTQ features. 

Phase 2: Measure 

a. Establish views for a balanced scorecard (BSC), and then pick applicable key 

performance indicators (KPIs) that are connected to the classified problem(s) and 

relate them to the viewpoints 

Phase 3: Analyze 

a. Study the problem(s) in order to find the root cause(s). To find problems, we will 

need to model the current process and measure the key performance indicators 

(KPIs). 

b. The use of a variety of analytical instruments is possible to detect serious process 
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issues. Cause and effect diagram, flow chart, histogram, Pareto chart and scatter 

chart are a few examples of these tools.  

c. Developing these charts and identifying potential concerns should be done as a 

collaborative effort by members of the appropriate business functions. In the end, 

rank the problems according to their importance. Prioritizing major problems and 

recommending problem-solving and improvement measures are crucial at this 

level. 

 

Phase 4: Improve 

a. Enhancement Make improvements by using brainstorming (s). Then, run the 

simulation again to see how each solution affects the system's performance.  

b. Cost-benefit analysis can be used to determine the cost-effectiveness of the 

suggested improvements. 

 Phase 5: Control 

a. Purpose of thecontrol phase is to ensure that the Improvement happens according 

to plan. Assuming new technology and data reveal that there is a better way to 

operate the process; any gains gained by the upgrade are maintained. 

1.11 Combining Lean and Six Sigma 

Lean and Six Sigma have generally established methodologies for improving cost-

effectiveness and quality. Lean six sigma is a fantastic blend of lean and six sigma that brings 

the best of both worlds together. It has been employed successfully by companies that 

produce chemicals, medicines, health care items, and information technology. There are 

critical success factors that must be met for a program to be successful. Noting that, according 

to the author [10], a significant business success component implies a company's failure if it 

isn't taken into account. Implementation of Lean six-sigma with a high probability of success 

is unlikely if the prerequisites connected with the factors are not met. 
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Lean six sigma is used in many large automotive firms, but there is less evidence that it is 

used in smaller auto auxiliary industries. As a result of many impending circumstances, lean 

six sigma adoption in smaller auto ancillaries is impeded. The discovery, research, and 

understanding of these critical success criteria and impending variables will take some time 

for this group of firms to complete. 

 

This method aims to reduce waste, streamline operations and increase output.  Lean Six 

Sigma, aims to reduce the number of defects in manufacturing and services. SME component 

manufacturers in India need cost-effective strategies to cope with critical quality and 

productivity concerns [11]. 

 

By integrating two of the most common approaches for increasing organizational 

performance, Lean Six Sigma was born in the 1990s. In addition to cost control, improved 

service quality, and enhanced client satisfaction, it has additional benefits as well. An 

integrated quality management system in any company is regarded as an effective way to 

avoid errors and waste time. A long-term commitment to continuous improvement is essential 

for Lean Six Sigma adoption to be successful [12]. Lean Six Sigma (LSS) has recently 

evolved to combine both the speed of Lean and the robustness of Six Sigma for Quality 

Excellence. "LSS" stands for Lean Six Sigma, according to their website. A sound strategic 

approach to business as well as human capital, procedures, methodologies, and tools are all 

necessary for a high-quality organization. Since it integrates both human and process aspects 

of improvement, LSS works better than either Lean or Six Sigma alone [13,14]. Companies 

with well-structured and established LSS deployments have a competitive advantage in terms 

of higher customer satisfaction, revenue growth [15], high-quality products and top services, 

productivity and efficiency gains as well as stronger teamwork. It is a powerful management 

strategy that enhances process effectiveness, resulting in improved customer experience and 

improved bottom line effect measured in terms of monetary savings, on the whole. LSS has 

helped several companies achieve 'Quality Excellence' through its services. A mathematical 

model is not required to solve problems with Lean. Both Lean and Six Sigma toolkits are used 

in the Lean Six Sigma process to achieve its aims.  
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According to the researcher, this strategy and technique improve process performance, 

resulting in better bottom-line results for the company's clients. Despite the widespread use of 

LSS, there is no obvious way to identify if an organization is ready to use it [16,17]. This 

initiative has not had a positive impact on all industries due to its inefficient implementation. 

LSS tools and procedures are not well known and understood by the general public as a result 

[18,19]. It has been shown that LSS initiatives are difficult to implement and manage, leading 

to less effective quality excellence deployment programs in organizations, according to other 

writers who disagree [20], argue that integrating LSS tools and procedures with business 

goals is essential to the success of LSS programs and the achievement of quality excellence in 

organizations. 

 
FIGURE 1.11 Combining Lean & Six Sigma 

Lean Six Sigma is a methodology that can be used in the construction or enhancement of 

processes. Most Lean Six Sigma efforts begin at the bottom of a company's hierarchy. If 

higher management does not buy into the improvement strategy, then there is a risk. As a 

result of these circumstances, the strategy will ultimately fail. Assuring management support 

and executive-level assistance is essential to ensuring ultimate success. 

Since the early 1980s, when the words were first established and deployed at the Ford plant in 

Michigan, USA, Lean and Six Sigma have taken different routes. Japan developed it with the 

Toyota Production System, while the Motorola Research Center in the United States 
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pioneered Six Sigma [21]. In order to generate better products and services at lower costs, 

Lean is a process improvement approach that emphasizes continuous improvement. Because 

it allows you to do more with less (human labor, equipment, and time and space), [22] claim 

that it is lean. To stabilize processes and produce predictable results by minimizing variances 

and flaws in the processes involved, the Six Sigma technique relies on data-driven approaches 

[23]. 

The high expense of Six Sigma training prevents many firms using this methodology since it 

hinders operational efficiency and competitiveness. Other flaws include the need for a longer 

period of time to execute Six Sigma and for the outcomes to become apparent [24]. According 

to[25], Lean and Six Sigma are incompatible when it comes to dealing with statistically 

significant deviations in the process. Because the number of tools available has grown, data in 

real life is messy and does not necessarily fit into typical statistical distributions in businesses 

where variables are dynamic and assessed by a yardstick of continuously changing client 

wants. As a result of [26] and [27] reviews of the impact of lean in different parts of the 

United States, it is clear that lean offers potential for improvement for both workers and 

organizational culture. A scientific research project has been managed by [28] using LSS and 

project management. To explain how to connect a suite of tools and make sense of an 

unstructured situation, they point out that Lean and six sigma need to be integrated [29]. 

Two popular process improvement approaches, lean and six-sigma, were examined by [30] in 

order to compare and contrast the differences and similar elements that could contribute to a 

successful continuous improvement program [31]. Reports that the several studies have been 

done in the implementation of lean in various industries with the tools and technique of Six 

Sigma (mostly through case studies), there has been little information on the journey towards 

the integration of the two approaches. As a rational approach to continuous improvement, this 

research article examines the confluence of Lean and Six Sigma. Lean and six sigma 

approaches were compared in a desk study. Lean Six Sigma do not have a standard 

framework, as was discovered. So, the study focuses on the need for a Lean Six Sigma model 

that integrates the two. Using current models, [32] describes how Six Sigma and lean function 

well together and highlights the benefits of integrating the two. There is a fresh description of 

how to integrate Lean and Six Sigma for continuous improvement in this context [33]. 
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Experts examines lean and six sigma as new concepts. The study suggests a lean comparison 

with JIT and six sigma with TQM. In addition, critical success factors (CSF) were reviewed 

for efforts for change. The study reveals that the concepts of lean and six sigma not 

necessarily added to the concept of JIT and TQM. But Lean and six sigma have been replaced 

by lean six sigma. The study has also analyzed the CSF for these methods and a need for 

quantitative approach has been found. [34] have attempted to provide evidence, which 

proposes that lean management and six sigma are no confusing concepts. They are rather the 

extensions of total quality management (TQM) as evolved from various theories. They have 

developed an integrated lean sigma framework using a triangulation methodology consisting 

of a literature review, Delphi survey and structured interviews for Manufacture industries 

based on research gaps and actual needs. Further, [35] highlighted the complementary points 

of Lean Manufacture and Six Sigma Methodology [36]. 

Lean concepts and six sigma methodologies have been extensively used by most of the 

business operations. Many industries face difficulty in implementing it successfully and 

sustain it for a longer run. Also built the knowledge and filled the research gap from the data 

obtained from the literature and more clarity into the most influencing factors that change the 

output. They also compared the results with the same domain industries executed similar Lean 

and six sigma approach. The output of this case study guide companies to create work plan 

decision and alternate plan to execute the most critical success factors (CSF).  

There are certain similarities in their ideas, beliefs, and tools that can be used in the same 

way. Less waste and non-value-added operations are eliminated through process optimization 

in Lean whereas process variation is reduced and defects are drastically reduced in Six Sigma 

to meet the expectations of all stakeholders. Together, Lean and Six Sigma are a powerful 

combination. Neither Six Sigma nor lean alone will reduce waste in processes. It is now 

widely accepted that Lean Six Sigma is a way of improving organizational effectiveness. 
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TABLE 1.2: Comparison of Lean and Six Sigma principles 

Principle Lean Six Sigma Lean Six Sigma 

Origin Toyota (Toyoda, Ohno 
and Shingo; 1950's) 

Motorola and 
General Electrics 
(1980's) 

_ 

The 
structure of 
applicability 

1. Identify value 
parameter; 

2. Recognition of the 
value stream; 
3. Flow;  
4. Pull; 
5. Searchfor excellence; 

and  
6. Identify the value 

stream. 

1. Describe  

2. Evaluate  

3. Study  

4. Develop  

5. Manage 

Focus on waste 
reduction and 
problem solving 

Focus On the flow On the problem Focus on removing 
difficulties and 
enhancing 
production flow at 
the same time. 

Theory Profits and waste 
reduction go hand in hand 

Increasing profit 
by reducing 
variation 

Increasing the 
company's profit 
margin, return on 
investment, and 
stock value. 

Target Maximize 
productivity 

Maximize business 
results 

Combined 

Assumptions Business performance is 
improved when waste is 
reduced. 

There is a problem 
to be solved; 
Statistical tools 
can help solving 
the problem by the 
reduction of 
variability in the 
processes 

Simultaneous 
focus on reducing 
wastes and on the 
solution of a 
specific problem 
that might be a loss 
generator 

Primary effects Process efficiency is 
increased as a result of the 
reduction in flow time. 

Variability is 
reduced, and the 
process output 
rate is uniform. 

Reliability and fast 
delivery of 
products to the 
consumer market 

Secondary effects Reduced variability; 
Uniform process outputs; 
Inventory 

reduction; New 
accounting 

Waste reduction; 
Rapid gains; 

Reduced 
inventory; 
Variability as a 

Increased 
competitiveness of 
the organization 
due to fast delivery 
of finished goods 
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systems; Flow as a 
measure of 
management 
performance; 

Improved quality; 
Increased productivity 

measure of 
management 
performance; 
Improved quality; 
Culture of change 

to the consumer 
market. 
Reduced cost of the 
product sold; 
development of an 

improvement 
culture; and better 
forecast of 
operating 
activities 

Deficiencies Not based on 
statistical tools or 
analysis systems; 
Restrict focus on 
losses 

Process 
improvements 

achieved 
independently; 

Makes an 
employeelite 

Lack of a 
structured 
methodology in 
the use of the Lean 
and Six sigma 
approaches in 
converging and 
complementary 
way 

Ease of 
Implementation 

May be classified as 
presenting less difficulty 
since no statistical 
techniques are used 

Average difficulty 
due to structured 
method and 
statistical basis 

Using Lean as a 
tool to implement 
the focus, and Six 
Sigma as a way to 
drive 
improvements 

Applicability at 
the managerial 
level 

Initial level Technologist and 
middle 
management 

Less bureaucracy, 
quicker decision-
making, and 
increased 
empowerment of 
human resources 

Variability 
is affected 

Variability is reduced. reduction 
in the 
variability 

Improvements in 
estimating the 
duration of tasks 

Major 
contributions 

Pull-flow, tact time, 
production levelling, 
individual part flow, 
value stream mapping 
and human respect 

Organizational 
structure supported 
by improvement 
specialists 

Value stream 
improvement in 
light of cost-cutting 
and customer 
satisfaction projects 

Quality Control Indirect, by eliminating 
wastes 

Direct, by tools 
and instruments of 
quality 

Scope of the LSS 
target besides the 
elimination of 
wastes that cause 
anomalies in the 
production flow 
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Some large automobile companies like ford, caterpillar, General Motors, Goodyear have 
successfully implemented lean, six sigma methodology. Some of the most important outcome 
of implementation are  

1. Waste is effectively managed. 
2. Products are delivered defect free 
3. Improved customer focus and ability to deliver value to both the customer and the 

organization  

1.12 Impact of Lean-Six Sigma  

1.12.1 A Higher Level of Client Loyalty: 

Almost every company wants to keep its customers. This is an important aspect of the success 

of a company. Customer loyalty and retention can only be achieved by ensuring that 

customers are completely satisfied with their experience. 

According to surveys, dissatisfaction with the experience and employee attitude are the most 

common reasons provided by customers for not returning. When a consumer is dissatisfied, a 

company may not even be aware of it since they simply go elsewhere. 

Because so few encounters should fall outside of your organization's criteria after Six Sigma 

training has been completed, your company is less likely to have unhappy consumers. Try 

doing a voice of the customer survey, which may help your business determine which of your 

products' features are crucial to the consumer's happiness perception, to help you achieve this 

goal. 

1.12.2 The Managing Time: 

Staff that is trained in the Six Sigma approach are better able to manage their time, which 

leads to a more efficient business and more productive employees. A user must define 

SMART goals and apply Six Sigma data concepts to them. To do this, we look at three main 

areas: learning, performance, and satisfaction. 
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1.12.3 The Production Process: 

Unfortunately, most projects that companies undertake end up taking longer than expected, 

frequently due to changes in the project scope or a change in management philosophy. As part 

of its implementation of the Six Sigma methodology, an organization can create a team of 

experienced individuals from all levels of the organization and every functional area. This 

team is then tasked with identifying issues that could negatively impact the project, causing it 

to take longer than expected to execute. 

1.12.4 Incentives for Employees: 

Employees must be sufficiently motivated for a company to prosper. Employers who connect 

with their staff on a full-time basis have regularly shown a 25 to 50 percent boost in 

productivity. The sharing of Six Sigma problem-solving tools and approaches will enable 

employee development and assist in establishing an atmosphere and processes that will 

encourage employee engagement. 

1.12.5 The Strategic Planning: 

Six Sigma can play a significant role to achieve strategic goals. Six Sigma can help you focus 

on areas for development after your company has produced a mission statement and 

conducted a SWOT analysis. 

Six Sigma, for example, can be used to optimize internal processes, raise yields, eliminate 

needless complexity, and obtain or maintain the lowest cost supplier agreements if your 

business strategy is built on being a cost leader in the market. In reality, no matter what your 

company's strategy is, Six Sigma can help it be the greatest at what it does. 

 

1.12.6 Managing Your Supply Chain: 

A defect rate under 3.4 per million is the goal of Six Sigma, and your suppliers have an 

important role in whether or not this goal is attained. Six Sigma can be used to reduce the 

number of suppliers in your firm, which in turn reduces the chance of defects. 
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Implementing the LSS has many advantages. To assess each procedure, LSS Master Black 

Belts are instructed to do so to identify any flaws in the workflow that may be minimized or 

eliminated to maximize time and resource allocation. When it comes to LSS integration, the 

whole is the sum of its parts, thus each portion must perform at its highest level to achieve the 

best results. Large and small operations alike will benefit from successful LSS 

implementation. 

 

1.12.7 Improved Efficiency: 

Additionally, LSS programs focus on obtaining the greatest level of quality. For example, 

quality control standards and practices, inventory management, and production scheduling are 

prioritized to eliminate quality issues in virtually all ongoing processes. In addition to 

recognizing the existing standards related to these areas, the LSS methodology suggests 

practical means of improvement and empowers each employee to take ownership of these 

improvements. 

 

1.12.8 Improvements to Customer Service: 

The LSS technique have already achieved a portion of the customer service formula by 

boosting the efficiency of processes and the quality of output. However, an organization's 

efficiency is boosted on many levels when it has an exact approach. Each step within a 

workflow is analyzed for flaws that can be mitigated or eliminated to achieve optimal 

efficiency in terms of time and resource allocation by an LSS Master Black Belt. When it 

comes to LSS integration, the whole is the sum of its parts, thus each portion must perform at 

its maximum potential to achieve the best results. Large and small operations alike will 

benefit from successful LSS implementations. 

 

1.12.9 Better Customer Service: 

Reporting man-hours, production scheduling, bar coding, and meeting customer criteria are 

all parts of the LSS process that are largely focused on improving the customer's experience. 
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LSS Master Black Belts will help their employers to provide top-notch customer service by 

optimizing key areas of the production process. 

 

1.12.10 Safer Working Conditions: 

Even though it may not be the most visible benefit of successful LSS deployment, the overall 

consequence is a substantially safer workplace. If you want to improve your bottom line, you 

need to develop a strong team culture. 

 

1.12.11 Programming and Evaluation: 

If you want to adopt an LSS program, you're going to have to make a total cultural 

transformation in the way you think and function. Before committing to the LSS 

methodology, firms need to understand a few crucial points. 

These programs are dynamic and must be regularly and objectively assessed for ways to make 

effective. A continuous cycle of process creation, management, and improvement is the basis 

of LSS's continuous cycle of processes. To be successful, the corporation must maintain 

vigilance and recognize that LSS is not a task, but rather an attitude that must be adopted by 

the entire company [37-40]. As long as these points are understood, any organization can be 

successful in improving its efficiency, quality, and customer service by implementing this 

program. 

1.13 LSS Practices in Indian Manufacturing Industries 

The economic slump has compelled firms to enhance efficiency and cut expenses without 

compromising the quality of output. It has become more difficult for firms to manage 

operations because of growing client demands and dynamic market conditions. Production 

efficiency and customer satisfaction have become important for survival in this environment. 

A good management strategy in manufacturing is continuous improvement. An organization's 

operational efficiency, productivity, and costs can all be improved by LSS. It is a continuous 

improvement strategy that blends LSS.  The Toyota Production System (TPS) is credited with 



Introduction 
 

25 
 

laying the foundations for lean manufacturing by focusing on boosting value and decreasing 

waste in operations. So, Lean processes internalize the major requirements and managerial 

elements mentioned in their production principles and philosophy [41]. A few examples of 

these methods include just-in-time (JIT), Kanban, and total productive maintenance (5S) that 

have been documented in the literature for implementation of Lean principles in enterprises. 

With its origins at Motorola Inc., Six Sigma has become a well-established tool for 

continuous improvement. Process variation and flaws in business processes are reduced, 

resulting in greater customer satisfaction. As a result, the Six Sigma approach recommends 

two roadmaps — DMAIC and DMADV (Define Measure-Analyze-Design-Verify). However, 

DMAIC is often utilized as a roadmap to reduce process variation by making modifications or 

enhancements to the existing process [42,43]. Lean Six Sigma (LSS) was developed by the 

George Group, a US-based consulting organization. Manufacturing companies, such as 

Motorola, Honeywell, General Electric, Du Pont, DuPont Merck, Johnson & Johnson, and 

others are using LSS [44]. Various manufacturing and service-oriented organizations have 

recently become interested in the application of LSS to continuous improvement. LSS as a 

management method for process improvement has been documented in the literature. 

Contrary to popular belief, not all firms can get meaningful benefits from LSS deployment. 

LSS might be rendered ineffective if the deployment is done incorrectly. Lean Six Sigma has 

been studied to understand how practitioners view LSS, the causes that cause LSS failure, and 

techniques to overcome these shortcomings. As well as assessing the organization's readiness 

for the LSS initiative. 

1.14 Small and medium sized enterprises 

Development and Regulation Act of 1951 defines manufacturing enterprises as 

"manufacturing enterprises" and "service enterprises". SMEs are defined by the Micro, Small 

& Medium Enterprises Development (MSMED) Act, 2006 as having an investment in plant 

and machinery of between five and 10 crores Indian rupees (INR) and fewer than 500 

workers. SMBs play a crucial role in the economy and growth of many countries today, 

accounting for 60 percent of global employment and 50 percent of global GDP, according to 

the World Economic Forum. Achieving the goals of LSEs is also aided by the use of this 
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technology. A substantial output volume is generated as a result of its relevance in the 

manufacturing sector worldwide [45]. Small and medium-sized enterprises (SMEs) are 

plagued by high inventory, long lead times, poor cycle times and poor planning as well as 

limited resources, fixed manufacturing mechanisms, ineffective processes and procedures, 

ignorance of current machinery and technology, and a lack of familiarity with global market 

trends and financial volatility [46]. Small and medium-sized enterprises in India are struggling 

to survive in the current environment of fierce competition due to a lack of product quality 

and excessive manufacturing costs in rural and urban SMEs, the majority of workers are 

uneducated and operate in hazardous conditions. There is a negative influence on the 

production rate due to the lack of information and lack of sharing of knowledge among 

personnel [47]. In the absence of government financial assistance, incentive, and leadership, 

SMEs are compelled to use new approaches, tools, and techniques for continuous 

improvement to stay competitive [48]. 

 

Traditional manufacturing is responsible for the production of everyday items such as kitchen 

pots and pans, car camshafts, and components of multi-million-dollar airplanes. In the past, 

manufacturing consisted of a lot of casting, forging, and machining processes. To generate the 

basic building component of a product, we focus on forging and casting procedures. Due to 

globalization, the majority of this type of job has relocated to nations like India, China, and 

Eastern Europe [49-51]. To accommodate the ever-increasing consumer demand, the 

developing world has given manufacturers subassemblies and products at lower costs. 

Small and medium-scale auto component manufacturers that began operations in the 1980s 

and 1990s have grown. As a result, small businesses have grown into medium and large 

businesses. Contrary to expectations, new entrants to the auto-component business have 

declined. With the need for high-tech, the initial investment required soared, creating a 

considerable barrier to entry. New units, on the other hand, are actively being created by 

existing SMEs. The automotive industry's value chain governance changed as the industry 

grew. Maruti's entry into the passenger automobile market in 1983 marked a turning point in 

the sector. Before this, vehicle assemblers tended to make parts and components in-house 

rather than outsourcing. During the Maruti operation, "utilization" of subcontracting was 

developed. From integrated enterprises to captive entities, the industry's value chain 
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governance has changed dramatically. Subcontractors of Maruti began selling their products 

to other assemblers when economic reforms were implemented. As opposed to captive value 

chains, relational value chains were created. There are three key places where auto-

component clusters have evolved. Traditionally, auto-component manufacturing was 

concentrated in Pune and Chennai. An industrial region was created for the Maruti factory's 

suppliers, with the National Capital Region (NCR) becoming the third cluster. Because of the 

cluster network, multinational businesses (MNEs) have set up factories in clusters. To 

strengthen clusters' competitive advantage [52] emphasized collective efficiency derived from 

external economies, coordinated action among producers in the clusters, and external 

connectivity. Transactions with multinational corporations (MNEs) are an example of an 

external link. In the three clusters, MNEs have set up assembly factories and influenced the 

development process. 

1.15 Need of implementing LSS in automobile SMEs 

Automotive and auto component manufacturers in India are seeking ways to use lean 

advantages, not just for home markets but also to expand their reach into the global market. 

The lean approach is completely different from standard methods such as batch or queuing 

environments [53]. Providing value for their customers, industries are working hard to 

improve their product offers. It takes a lot of innovation to create value, from strategizing to 

executing. Adapting to the rapidly changing external and internal environment pushes firms to 

change from their production paradigm to new solutions to respond swiftly to client needs. To 

keep manufacturing and other sectors competitive, as well as to keep customers happy, lean 

practices are now essential. 

 

The SMEs are suppliers to large corporations, and as a result, changes in large companies 

have an impact on SMEs as well. In general, though, sales in India are down compared to the 

previous year. Automotive sales are increasing on one hand, but sales revenue is declining on 

the other. As for what the industries will do, one can state that the global recession is one of 

the major contributors to this rivalry. To improve sales in this extremely competitive sector, 

Because of this, OEMs have made it necessary for their suppliers to utilize LSS tools to 
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improve quality and cost effectiveness. These tools have proven to be very successful in large 

firms and Indian automobiles globally being more sensitive to the needs of customers by 

eliminating defects. 

Automobiles are at the vanguard of cutting-edge manufacturing technology that has 

expanded to other industries. The automobile industry's modular sourcing and supply 

chain integration have also had a significant impact. To begin with, automakers were 

among the first companies to delegate direct tasks to suppliers. Automobile 

manufacturers have been able to increase profitability by focusing on core operations and 

service specialized markets more efficiently by concentrating on core processes. A good 

scheduling approach, according to the author is critical to maximizing the use of 

resources. There was also a focus on lot size reduction and pull procedures to reduce 

stocks, storage space, and overproduction. This helps to decrease waste and make 

processes safe and productive by using standard work / standard operating procedures 

[54-56]. Because of the complexity of operations and product design, errors and 

variations are more likely. To apply the LSS manufacturing system in the Indian 

automobile sector, it is necessary to develop the correct channels of communication with 

industry experts and stakeholders. To survive in a competitive environment, every 

manufacturing business that implements Lean is constantly working to improve its 

processes. The manufacturers are striving to implement innovative ideas and use new 

technologies in their manufacturing methods to make them more efficient and effective to 

deal with the critical scenario. Primary economic drivers include the automotive industry 

and its ancillaries [57]. 

To enhance and improve industrial competitiveness, cost-effectiveness, and quality, 

specific interventions are envisioned. Manufacturing and the "Make in India" initiative 

are mostly driven by India's auto industry. During the last decade, the use of Lean Six 

Sigma (LSS) for continuous improvement has increased dramatically and appears to have 

become the industry standard. Two well-known improvement programs, Lean 

manufacturing, and Six Sigma have been combined to form LSS. Around 1950, features 

of lean manufacturing began to be used in Japan. A study of Toyota for production 

system and lean manufacturing became popular after its publication. Six Sigma, on the 
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other hand, was developed at Motorola in the 1980s. There has been a huge growth in 

interest in Six Sigma since General Electric embraced it as their top-quality improvement 

program. Around the year 2000, the term LSS was coined. Between specialists, the 

subject of whether both programs should be integrated into a single improvement 

methodology has been debated for a long time. "Discussions on which strategy to adopt 

at what time tend to be fruitless. If the improvement is the goal, then both Lean and Six 

Sigma expertise is needed to solve problems that businesses face, and the question is how 

to apply them together. Broader research is being conducted to build an LSS program 

specifically for large companies. Motorola, General Electric, Honeywell, and many 

others are among the larger companies that offer LSS. Less is known about the 

implementation of LSS programs in SMEs[58-60]. 

1.16 Chapter Summary  

The chapter describes history of automobile Industries in India, Current scenario of 

automobile industries, development of lean and six sigma concepts and lean six sigma. 

Practices in Indian Manufacturing Industry. The chapter is also useful. to understand the 

comparison of Lean, six sigma and lean Six Sigma basics. It briefly describes the need of 

implementation of lean six sigma in small and medium sized automobile and allied Industries. 

 

 



Literature Review 
 

30 
 

CHAPTER-2 

Literature Review 

Gujarat is home to the production facilities for automobile behemoths including Honda, Ford, 

Tata, and General Motors. A significant number of automotive ancillary services and OEM 

units have been formed in Gujarat as a result of backward integration. These factories produce 

vehicle parts for the Indian and international markets. The goals of this research project were 

achieved by combining a literature study with field investigation. Elsevier, Taylor & Francis, 

and Emerald standard database research articles were used. Useful research was found using 

the keywords "Lean manufacturing, 6 sigma, car ancillaries, crucial success factors, and 

imminent factors."From the 395 records connected to lean six sigma that were discovered via 

research published in these sources, 40 records that had a stronger tendency toward the study 

subject were utilized as the foundation for the literature evaluation. The detailed literature 

review is discussed in this chapter concluded with research gap. 

2.1 TAXONOMY OF LITERATURE REVIEW 

[1] M. Kumar et.al.[18] 

The researchers completed a study to apply Lean Six Sigma in an Indian die casting unit that 

designs and manufactures several sorts of precision machine components. Brainstorming 

meetings were held with consumers and corporate workers. A number of brainstorming 

meetings resulted in a variety of aims.The primary goals were to decrease fracture 

propagation in the end product, reduce machine downtime, reduce process inventory, enhance 

customer satisfaction, and boost the company's profit margin. With six sigma DMAIC 

technique, a framework incorporating several lean tools such as 5s, Total productive 
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maintenance, and value stream mapping was presented. Casting density was discovered to be 

the most important element influencing fracture propagation.A total of 27 experiments were 

conducted in order to determine the optimal metal temperature, piston velocity, filling time, 

and hydraulic pressure for maximum casting density. Casting density increased by 12 percent 

as a result of optimization. To decrease downtime and improve machine performance, 

scientific total productive maintenance was introduced. The state map was changed to make 

better use of the equipment. The defect rate was lowered from 0.18 to 0.0068 percent, while 

the process standard deviation was reduced from 0.069 to 0.0059 percent. 

[2] W. Timans et. al. [24] 

The authors investigated and analysed important success criteria, tools, and looming variables 

for Lean six sigma adoption in small and medium-sized manufacturing firms in the 

Netherlands. The study was conducted in two parts.A scientifically prepared questioner 

survey was conducted for 106 organisations in the first stage, with 63 implementing Lean, 1 

implementing Six Sigma, and 42 implementing Lean Six Sigma. Six case studies were carried 

out in the second stage (meeting, brain storming sessions with company executives and 

personals). Following findings were observed. 

(i)  Connection to customers, goal and plan statement, communication, management 

engagement and participation, linking to company strategy, understanding Lean 

Six Sigma, project management competence, and organizational infrastructure are 

significant critical success elements. 

(ii) The 5S methodologies, Brain storming, PDCA, value stream mapping, pareto 

diagram, process flow chart / mapping, cause and effect diagram, and failure mode 

analysis are significant tools for lean six sigma. 

(iii) Inadequate training and a lack of resources are key impediments to Lean Six 

Sigma deployment in the Netherlands. 

[3] Torbjorn H. Netland [56] 
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They put conducted a significant piece of study concentrating on the impact of contingencies 

on crucial implementation success elements for lean. According to the theory of 

contingencies, crucial success variables may not be the same for every business, but they 

might vary greatly depending on certain conditions (company size, stage of implementation 

etc...).This study sought to determine how essential success variables for the implementation 

of lean manufacturing were impacted by characteristics such as factory size, corporation, 

stage of implementation, and country culture. 432 workers from 83 factories of two MNCS 

received a survey.The research's key findings are that 

(i) For plants that are still in the early stages of implementation, employing external 

experts, compensating them, and sharing best practices are crucial CSFs. 

(ii) Both managers and employees need to be educated, and this is true across all 

cultures. 

(iii) It is challenging for smaller companies to implement lean because it is challenging 

for them to set up cross-functional teams and allocate other resources. 

(iv) For smaller companies, increasing investment in resources and training are 

important factors because a smaller unit may have limited investment potential for 

lean practices.  

 [4] Richard E. White et.al.[61] 

The authors conducted an investigational survey to determine disparities in JIT adoption in 

small and big scaled US manufacturers. A questionnaire was created to address the status of 

JIT installation and changes in performance.A council of JIT professionals from the 

Association for Manufacturing Excellence evaluated the questionnaires. The questionnaire 

was distributed to 454 survey respondents, 174 of whom were small enterprises and 280 of 

whom were major manufacturers. The following findings were observed during the 

exhaustive survey.  

(i) When compared to small businesses, major manufacturers in the United States are 

more likely to use JIT procedures. The rate of implementation in major 

manufacturers is 23.6 percent, whereas in small manufacturers it is 13.8 percent.  
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(ii) The average period since JIT practice implementation is longer in big factories, 

indicating that large manufacturers adopt the JIT idea earlier. 

(iii) The multifunctional employment model is appropriate for small enterprises. Big 

manufacturers are most likely to adopt quality circle and overall quality 

management. 

[5] Rachana Shah and Peter T Ward [62] 

The authors investigated the impact of plant age, plant size, and union on Lean manufacturing 

application. A standardized questionnaire created by specialists was distributed to 1757 

respondents from diverse industrial enterprises in the United States. The questionnaire 

differentiated between large and small plants, as well as old and new plants.Large plants 

employ more than 1000 employees; medium plants employ 250-999 workers; and small 

plants employ less than 250 workers. Plants older than 20 years are termed old plants; plants 

10-20 years old are designated adolescent plants; and plants fewer than 10 years old are 

considered young plants.Four bundles were empirically validated: (a) Total Quality 

Management (T.Q.M.), (b) Total Preventive Management (T.P.M.), (c) Human Resource 

Management (H.R.M.), and (d) Just in Time (JIT). The following findings were concluded 

during the in-depth survey. 

(i) When compared to smaller businesses, large corporations are more likely to use 

transformation approaches such as lean. Because larger organizations have greater 

financial and other resources, this is the case.  

(ii) Because older workers are more resistant to change, newer factories are more 

likely to employ lean principles. Furthermore, the culture and youthful generation 

group of newer plants make it simple to absorb new ideas.  

(iii) Modular sectors are more likely to use JIT than continuous process industries, 

whereas processing plants are more likely to use TQM. 

[6] Jiju Antony et.al.[63] 
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The authors conducted study to explore the many advantages, crucial success factors, and 

barriers to apply six sigmas in small and medium organizations in the United Kingdom. 

Experts in black belt, green belt, and yellow belt developed a questionnaire survey. The 

survey was distributed to 400 SMEs in the chemical, plastic, automobile, aviation, electronic, 

mechanical, food, and pharmaceuticals industries.The following findings were initiated during 

the technical survey. 

(i) The main advantages of six sigma include the following: decreased process 

variability, increased profitability, decreased operating costs, decreased cycle time, 

increased productivity, decreased customer complaints, increased sales, and 

decreased inspection. 

(ii) Managerial active participation and involvement, infrastructural facilities, cultural 

shift, mentoring, complimenting six sigmas to clients, liking six sigma to corporate 

strategy, liking six sigma to employees, liking six sigma to vendors, understanding 

the nature of six sigma technique, project management skill, and project 

prioritization and screening are all critical success factors. 

(iii) Respondents' reasons for not implementing six sigma include a lack of awareness 

of the concept, limited resources, the existing quality system being enough, and a 

lack of perceived advantages. 

 [7] Pius Acharya et.al.[64] 

The authors worked hard to provide essential success elements as well as main impediments 

to lean adoption in SMEs. The research's main goals were to investigate the operational and 

functional features of SMEs in order to discover cost centres, to investigate features of lean 

manufacturing within SMEs, and to investigate crucial criteria for lean adoption in SMEs. The 

study was based on a literature review and case studies of 10 major companies and 30 SMEs 

in the United Kingdom. The following findings were observed during the extensive survey. 

(i) Strong leadership and outstanding project management abilities are required for 

the successful adoption of Lean Six Sigma. 
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(ii) SMEs have limited financial resources, yet new financial resources must be 

produced in order to apply lean processes. Financial resources are needed to recruit 

specialists and educate employees. 

(iii) The first prerequisite for lean adoption is a high degree of staff ability and 

knowledge. This is significant since the majority of SMEs employ workers with 

limited ability and knowledge. 

(iv) Organizational culture is critical to lean implementation. The business culture 

should be changeable. 

[8] Salaheldin Ismail [65] 

The authors conducted study to evaluate crucial success criteria for TQM adoption in Qutar's 

small and medium-sized businesses. For the research, structured interviews and 

questionnaires were conducted with 297 small and medium-sized businesses. It comprised 

companies from the machinery, equipment, petrochemical, chemical, wood and furniture, 

mining, and textile industries. TQM had been adopted in 63 percent of firms for less than 

three years, whereas 37 percent had been deployed for more than three years. General 

managers, production managers, and marketing managers responded to questions.For the 

questioner survey, exploratory factor analysis was employed, using 0.5 as the cut off 

score.Critical success variables were classified into three groups: (a) strategic considerations, 

(b) tactical factors, and (c) operational aspects. Organizational culture, leadership, top 

management support, and quality objectives and policies are all critical strategic 

considerations. Employee training, supplier relationships, team development, issue resolution, 

and employee empowerment are all critical tactical elements.Product and service design, 

inspection and testing, process control, and the value addition process are all important 

operational variables. It should be emphasised that the important success elements for TQM 

are the same as those for Lean Six Sigma. 

[9] K. Jeyaraman and Leam Kee Teo [66] 

The researchers looked at essential success variables for Lean Six Sigma adoption as well as 

its relevance in global electronic manufacturing services businesses. Following a thorough 
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assessment of the literature, twenty-five crucial success variables were discovered. The 

important success criteria list was distributed to 25 Lean Six Sigma practitioners working in 

the EMS industry. A systematic questioner had been constructed. The questioner was 

distributed to 65 locations across four countries in Asia, America, and Europe.As a 

consequence, the following crucial success criteria are derived:  

(i) Management commitment and engagement. 

(ii) Reward and recognition system. 

(iii) Organizational belief and culture. 

(iv) Communication and evaluation of Lean Six Sigma outcomes. 

(v) Project prioritization, selection, evaluation, and tracking. 

(vi) A successful Lean Six Sigma training program. 

(vii) The sharing of project success stories and best practices. 

(viii) Financial capabilities of the company. 

(ix) Establishment of a Lean Six Sigma dash board. 

(x) Master black belt and black belt competency. 

These aspects must be independent of one another in order for the project to be successfully 

implemented. The influence of CSFs on a specific company is moderated by organizational 

structure and culture. 

[10] Alessandro Brun [67] 

The authors conducted research to determine whether or not Italian organisations have the 

same CSFs for Six Sigma deployment as outlined by international literature. The author did a 

thorough review of more than 100 research papers and 96 books. A structural questionnaire 

was created that included information on the company's history, quality department, employee 

training, project selection techniques, and successful six sigma projects. Case studies and 

structural interviews were conducted for 18 Italian firms, including SONY, SKF, 

WHIRLPOOL, and DOW CHEMICALS.The following findings were revealed: 

(i) Management engagement, tying six sigma to company strategy, infrastructure and 

culture, linking six sigma to customers, project prioritisation and selection are 
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important CSFs for Italian organisations. Thus, the crucial success variables for 

conventional applications and small size Italian manufacturing enterprises are the 

same. 

(ii) Cost savings and operational efficiency are given more weight than customer 

happiness. 

(iii) Training outsourcing is vital in six sigma adoption for Italian SMEs.  

(iv) Manufacturers are uninterested in spreading the six-sigma strategy to suppliers.  

(v) Because a greater proportion of Italian small and medium-sized enterprises are 

family-owned, implementing six sigma in family-owned units is more 

challenging than in professionally managed companies. 

[11] Alessandro Laureani and Jiju Antony [68] 

They carried out a significant study on crucial success criteria and other functional 

components of Lean six sigma. Critical success elements are those components that are 

essential for the effective implementation of continuous improvement and change 

approaches.The research approach was divided into two components. The first section 

examined the published literature in standard journals on CSFs for all change methodologies 

(Total quality management, Lean six sigma, and six sigma). In the second half, a well-

designed questionnaire was created and distributed to 600 organizations worldwide in the 

industrial and service sectors.Important CSFs for adopting lean six sigma have been compiled 

from 31 different sources (22 research papers, 9 books). Management commitment was 

identified as the most essential CSF for implementing Lean Six Sigma by 19 of 31 

sources.Other significant success elements include training (18/31), project prioritization 

(15/31), cultural change (13/31), infrastructure (9/31) and connecting the LSS to the company 

(9/31). The least known CSFs include connecting LSS to customers and extending LSS to the 

supply chain.The primary motivations for implementing Lean Six Sigma are cost savings (46 

percent of firms), customer happiness, and quality improvement (11 percent). Sixty-six 

percent of respondents are pleased with the impact of lean six sigma implementation. LSS is 

considered unsuccessful or extremely unsuccessful by 31% of respondents, while the 

remaining 34% felt it had no significant influence. 
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[12] Darshak A. Desai et. al. [69] 

The authors did considerable study to determine the crucial success elements for 

implementing six sigma in Indian industry. The overarching goal was to discover the overall 

important success elements for implementing six sigma in Indian industry. The micro goal 

was to determine whether or not the crucial success element varied by industry sector and 

size. The study encompassed various sizes and sectors of Indian industries. An authentic 

database was employed to find businesses such as manufacturing, pharmaceutical, and 

information technology.A carefully developed questionnaire was distributed to 586 businesses 

from various industries across the country. The respondents were asked to rate the relevance 

of 12 important success elements in adopting six sigma. It was established that significant 

critical success criteria for large-scale Indian enterprises implementing six sigma were … 

(i) Management involvement and participation. 

(ii) Organizational infrastructure. 

(iii) Six sigma and clients linking. 

(iv) Six sigma and corporate strategy linking. 

(v) Training  

(vi) Six sigma and workers linking. 

Furthermore, for the medium-sized sector, essential critical success variables highlighted 

include cultural transformation and project selection criteria. In general, there was no 

significant variation in crucial success variables between big and medium-sized industries. 

Critical success elements have varying importance in different industrial sectors. 

 [13] Graham Manville et al. [70] 

The authors conducted research to assess essential success criteria and their influence from 

the perspective of middle management.A mixed technique approach was used, with thorough 

structured input from 200 managers and semi-structured interviews with two members of the 

management team.From the perspective of middle management, the most essential crucial 

success elements are senior management commitment, linking lean Six sigma to company 

strategy, linking lean Six sigma to customers, understanding tools and procedures, project 
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selection and prioritisation, and training. It was determined that middle management plays a 

vital part in the success of Lean Six Sigma implementation, hence top management should 

delegate more duties for successful solution and strategy formulation. 

[14] Nurul Fadly Habidin and Shari Mohd Yusof [71] 

They did a research study to investigate essential success variables for Malaysian Automotive. 

A systematic questioner was created to go over the crucial success criteria of Malaysian 

Automotive Manufacturing. The questioner was distributed to 10 LSS professionals from 

academia and industry to assess the importance of the material.The questionnaire was revised 

in response to expert comments. The final questionnaire set was distributed to 400 people 

from a total of 252 automobile component firms.Leadership, a systematic improvement 

process, quality information and analysis, supplier relationships, just in time delivery, and 

customer attention are essential success elements for Malaysian automobile firms. 

[15] Dag Naslund [72] 

The authors conducted research to examine important success criteria for Lean Six Sigma and 

compare them to critical success elements for other transformation techniques. To reach a 

conclusion, a literature review and critical relative analysis of several case studies were used. 

The following findings were derived. 

(i) With a few minor exceptions, all change strategies have comparable crucial 

success elements. 

(ii)  Important success elements never change. 

(iii) Lean six sigma is better suited for high volume and less varied manufacturing 

since greater diversity makes it more challenging to standardize the process. 

(iv) Because risk increases the likelihood of variations, six sigma have an extremely 

low tolerance for risk.  

(v) Six sigma is inappropriate for a company that places a strong emphasis on 

innovation since innovation raises risk. 
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(vi) Strategic alignment, project management, and training are three crucial success 

aspects that are not appropriately handled. 

[16] Ioannis Belekoukias et al. [73] 

The authors conducted research to see how different lean techniques affected operational 

performance (Quality, cost, Flexibility, speed and Dependability). Investigated were the 

effects of the five key lean methodologies JIT, automation, kaizen, TPM, and value stream 

mapping.Using the SNAP computer program, a survey questionnaire was created and 

distributed to 710 businesses that had previously adopted lean manufacturing practices. 

“Eview” and “SPSS”, two highly advanced statistical software packages, were used to process 

the feedback data. 

(i) Compared to automation and JIT, JIT has the greatest influence on all 

operating parameters of the Lean philosophy, whereas kaizen has a more 

modest impact. 

(ii) JIT has a greater impact on operational speed than any other lean strategy. 

Additionally, JIT has a greater influence on speed than it does on quality. JIT 

is crucial to reducing lead time, cycle time, and late deliveries. 

(iii) JIT has significant control over flexibility since it is obvious that changing the 

production of various technical goods is simple with less inventory. Flexibility 

isn't much impacted by kaizen or autonomy. 

(iv) Of all the lean techniques, JIT has the most beneficial impact on cost measures. 

Kaizen and VSM. 

(v) TPM have the least influence on quality, and in certain circumstances, TPM 

can have a negative impact on quality if it is not implemented properly. 

Automation has a higher impact on cost than total productive maintenance. 

 [17] V. Raja Sreedharam et al. [74] 

The authors evaluated Lean six sigma knowledge in manufacturing industries empirically. 

Investigating lean six sigma awareness in companies and key theories for lean six sigma 
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adoption were the goals of this research. Experts created a survey questionnaire, which was 

distributed to 310 businesses selected from the Confederation of Indian Industries' 

database.There were 203 replies, and the response rate was 65.48 percent, which is good for 

empirical research. 10% of respondents were in upper management, including CEOs, general 

managers, senior managers, etc. Following findings were observed. 

(i) Top management assurance and commitment are greatly enhanced by lean six 

sigma.  

(ii) The fact that understanding of lean six sigma has no discernible impact on the use 

of LSS shows that a firm cannot simply adopt lean six sigma by raising awareness 

of it. 

(iii) Lean Six Sigma deployment benefits from acceptance of the methodology.  

(iv) Top management commitment and acceptance of lean six sigma are proven to be 

important.  

(v) LSS implementation is not significantly influenced by LSS awareness.  

(vi) A quaternary customized for the firm is to be created for LSS. 

[18] Anass Cherrafi et al. [75] 

The authors conducted research to highlight the direction of future work in the fields of 

sustainability and lean six sigma. Identification and evaluation of lean six sigma and 

sustainability integration were the research's main goals. The classification of the research 

effort in order to identify research requirements, problems, and opportunities for more LSS 

study was the second crucial goal.From Elsevier, Springer, Taylor, and Francis' databases, a 

total of 118 research publications were found. Lean manufacturing, six sigma, lean six sigma, 

green manufacturing, sustainable operations, etc. were the subjects of the research articles. 

Following observations were found. 

(i) Developed nations play a significant role in the integration of lean, six sigma, 

sustainable manufacturing, and green manufacturing. There was a noticeable 

lack of interest in emerging or Asian nations.  
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(ii) Compared to aerospace, textile, and auto component industries, automotive, 

metal, and infrastructure companies account for a significant portion of 

research publications. 

(iii) Specific industries and processes require measuring techniques, models, and 

testing.  

(iv) Because SMEs make significant contributions to the economy, employment, 

and social advancement, it will take time for them to implement and integrate 

lean, six sigma, and sustainability. 

(v)  Although there is significant potential in the service sector, most research is 

conducted in the infrastructure and manufacturing sectors. 

(vi) There are no integrated metrics or performance measurement systems for 

particular sectors or processes. 

[19] V. Raja Sredhram and R. Raju [76] 

They did a literature review on the use of lean six sigma in various industries. The work's 

main goals were to examine several facets of lean six sigma deployment, identify research 

gaps, and provide direction for future studies. A thorough analysis of 235 research 

publications was conducted using the databases of Taylor & Francis, IEEE, and Elsevier. 

Following observations were derived. 

(i)  Lean and six sigma were initially integrated in the USA. Since 2011, there has 

been a noticeable increase in the tendency to integrate lean and six sigma. The 

majority of lean six sigma papers come from the USA (25% of all publications).  

(ii) The manufacturing, services, IT, healthcare, food, infrastructure, and chemical 

industries are all using the LSS approach. 

(iii) LSS must be integrated with other change management strategies like agile, supply 

chain sustainability, and other green practises. 

(iv) Standardize tool usage and place greater emphasis on real-world issues in the 

workplace rather than theoretical work.  

(v) Researchers should concentrate on generalised models for LSS implementation.  

(vi) Developing nations like India, Malesia, Turkey, etc. are implementing LSS. 
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[20] Gunjan Yadav and Tushar Desai [77] 

In order to identify and priorities the biggest obstacles to implementing Lean Six Sigma, 

authors conducted research. Managers will find it useful to use the rankings of identified 

barriers to choose successful Lean Six Sigma implementation techniques.In order to identify 

and rank the most important hurdles, a study of the literature from peer-reviewed publications 

was done together with input from experts in the field. Finally, the obstacles were prioritized 

using a fuzzy AHP technique.In five categories—strategic, technological, organizational, 

social and cultural, and personal—27 significant obstacles were found. According to FAHP 

approach, technological obstacles are the most significant and crucial ones. 

A. Strategy-based obstacles: (i) A lack of top-level support for Lean Six Sigma. (ii) 

No performance measuring system (iii) No implementation of Lean Six Sigma 

planning. 

B. Technology-based barriers: (i) the incorrect choice of a lean six sigma tool (ii) a 

lack of technical resources (iii) and poor department-to-department 

communication technology. 

C. Business obstacles include (i) misaligning organisational objectives with customer 

demands, (ii) reusing existing organisational Lean six sigma strategies, and (iii) 

inadequate infrastructure. 

D. Social and cultural obstacles: (i) Resistance to cultural change (ii) Incorrectly tying 

Lean Six Sigma to human resource reward and recognition (iii) Inability to 

function as a team. 

E. Individual Barriers: (i) Increased non-value-added time (ii) Human factors (iii) 

Handling various customer types 

[21] N. N. Kader Ali et al. [78] 

Researchers looked at how several crucial success criteria affected various operational quality 

measures in Malesia. A structured question survey covering 119 Lean six sigma practitioners 

in Malesia manufacturing enterprises was conducted.Financial and non-financial performance 

are significantly impacted by management commitment, lean six sigma maturity, and 
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knowledge of the discipline's value. Quality, waste reduction, customer happiness, and high 

productivity are significantly impacted by training, resource allocation, lean six sigma 

maturity level, and lean six sigma awareness. 

[22] Fairul Anwar Abu Bakar et al. [79] 

Authors conducted research to evaluate the crucial success criteria for lean six sigma and 

draw crucial conclusions. Lean six sigma competency, training, organizational infrastructure, 

connecting LSS to customers, project selection and prioritization, and reward and recognition 

systems are derived as significant success elements. Management commitment and leadership 

are also important. 

[23] Manisha Lande et al. [80] 

Researchers evaluated crucial success variables for the application of lean six sigma in SMES. 

The work's other major goal was to provide advice to researchers in choosing the right group 

of crucial success variables.Study and analysis of research articles on the crucial success 

elements for the application of lean six sigma in diverse Indian, British, Brazilian, Australian, 

and Thai enterprises.Training, management commitment, customer happiness, leadership, 

project prioritization and selection, cultural change, comprehension of the lean six sigma 

methodology, strategic quality planning, and process management are key success factors for 

lean six sigma adoption in SMEs. 

[24] A. J. Thomas et al. [81] 

They worked on a project to apply lean six sigma and get an aerospace business over its 

obstacles. The business manufactures interior frames and structures and is a top manufacturer 

in the aircraft industry. The firm requested assistance from the writers of this paper because 

they were experiencing issues with product quality, manufacturing volume, and profit 

margin.A three-day meeting with customers and airline engineers was convened to highlight 

important to quality concerns. The DMAIC technique was used to produce the intended 

outcomes. It was possible to cut the lead times for production and design by 10 and 2 days, 
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respectively. For both initiatives that contributed value and those that did not, a current state 

analysis was done.Reassembling pieces after applying glue was shown to be a significant non-

value adding operation. Reassembly was eliminated using a novel technique that involved 

injecting glue via holes drilled into the rear of the frame. It was decided to conduct an 

experimental design study to address the joint strength problem. Five critical factors for joint 

strength were found using Pareto and C + E analysis: slot length, slot length, slot width, 

tongue depth, tongue length, and adhesive type. For two levels, eight experimental arrays 

were created. ANOVA was used under various load circumstances. Final conclusion was: (i) 

A 58-46 days (20.5%) decrease in build time (ii) A decrease in VA duration of 41–39 days 

(5%) (iii) A decrease in NVA time of 18–10 days (44.5%). 

[25] Michael Gnanaraj et al. [82] 

The authors undertook a project to apply Lean six sigma at a firm that manufactures massive 

cast iron frames. Improved cost effectiveness and a lower rejection rate were the major 

goals.To solve the problem and achieve the goals, a team of experts, Champions, and co-

coordinators was established. Structured interviews and brainstorming sessions were 

conducted. It was advised to use a new DOLADMAICS model. For analysis, a 

straightforward cause-and-effect diagram and Pareto analysis were utilised. Blow holes and 

cracks were found to be the main flaws responsible for the high rejection rate.The major 

causes of faults and a high rejection rate were operator errors, a shift in the B axis, material 

flaws, machine issues, and power outages. To prevent faulty items from being machined, 

NDT was introduced before machining. Special storage space was added, and the current 

arrangement was adjusted. Modern maintenance procedures were used, and the feed rate was 

decreased to address the B axis shift issue. Reduced defects, a lower rejection rate, less 

inventory, a lower total cost of the product, and less downtime were the key results of 

applying Lean six sigma. 

[26] Jessica Galdino de Freitas et al. [83] 

In order to better understand how lean six sigma affects organisational performance, research 

was conducted. 396 Scopus-based records from Elsevier, Emerald, Springer, and Taylor & 
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Francis were examined. 39% of all research records, or 53% of them, were based on surveys. 

106 foreign experts, including black belts, green belts, and champions, received a structured 

questionnaire containing 13 lean six sigma implications. Most experts came from the U.S. 

(21%) followed by Brazil (12%) and the Netherland (11%). Following is the outcome of 

research. 

(i) The study resulted in the identification of 25 effects brought on by Lean Six 

Sigma. The 13 most frequently mentioned effects from Pareto analysis are cost 

reduction, improvement of product quality, process, variability reduction, quick 

delivery, defect reduction, waste reduction, improvement of customer satisfaction, 

improvement of employee satisfaction, improvement of service quality, reduction 

of waiting times, decreases in inventory, and increases in process efficiency. 

(ii) The cost, quality enhancement, and customer happiness are the three key facets of 

LSS approach. 

[27] Alireza Shokri [84] 

They performed a quantitative study of the twenty years' worth of six sigma, lean, and lean six 

sigma research articles. The study's objectives included identifying research gaps, extending 

the hybrid analysis of lean, six sigma, and lean six sigma, and developing a solid framework. 

The databases of Elsevier, Emerald, Business Premier, Willey Online, IEEE-Splore, etc. were 

searched for research publications (1993 to 2014). The research findings is listed below. 

(i) Since 2008, there have been more Lean six sigma papers than pure six sigma 

publications. This indicates a shift in research focus from pure six sigma to Lean 

six sigma. Over the past few years, the case study technique has gained greater 

popularity.  

(ii) For lean and lean six sigma, the "Tools and Techniques," "DMAIC Methodology," 

and "Success Factors" topics are crucial. 

(iii) The majority of research publications relate to a certain industry or set of 

industries. 
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(iv) The majority of articles are produced in the United States and a few other 

European nations, and these publications comprise work by academic and 

industrial researchers.  

(v) The two main industries using Lean six sigma are general manufacturing and 

healthcare. Among the industries with less interest in implementing lean six sigma 

are airports, phone centers, and labs. 

[28] Gunjan Yadav et al. [85] 

They conducted study on the topic of implementing a hybrid framework for lean six sigma. 

The work's main goal was to priorities and list the biggest obstacles to lean six sigma 

adoption. The years 2000 to 2016 were searched in the Scopus-based database. Following a 

thorough literature review, 35 lean six sigma roadblocks and 28 solutions were identified. 

Four senior managers (industry specialists), four six sigma black belts, and four academics 

made up a 12-person expert group. The team's task was to finalize the hurdles and solutions 

for lean six sigma. The final findings of the research are listed here. 

(i) The reasons for the lower success rate of LSS initiatives include I LSS hurdles. 

Among all hurdles, management barriers are one of the most significant. 

Informational barriers and organizational barriers are also significant.  

(ii) The most crucial aspect of solution management is LSS adoption commitment. 

Having LSS belt personnel on hand is crucial during the lean six sigma project's 

implementation phase. Top management should provide enough financial 

resources to attain the targeted LSS result. Other significant options include 

employing the appropriate LSS tool set, changing the company's reward and 

recognition system, and tracking and reviewing LSS projects. 

[29] Arnheiter et al. (2005) [86] 

The authors observed that Lean and Six Sigma would consist of the following principles if 

merged in all operations, regardless of scale. Lean is a concept that tries to optimize the value-

added content. 
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(i) The ongoing evaluation of all systems in Lean helps to ensure that they lead to 

global optimization, not simply local improvement. 

(ii) Every customer eccentric decision is based on a better management decision-

making process. 

(iii)  In order for judgments to be based on numbers and values rather than on ad-hoc 

investigations, Six Sigma would emphasize data-driven operations. 

(iv) The goal of Six Sigma is to reduce variation in the process. 

(v) An organized training and education program would be implemented as part of the 

Six Sigma initiative at the company level. 

[30] Rajeev Rathi et.al. (2021) [87] 

The purpose of this article is to highlight the numerous challenges that a firm that 

manufactures automobile components encounters while attempting to use Lean Six Sigma 

processes. 31 Lean Six Sigma Barriers (LSSB) were first chosen after a thorough literature 

assessment utilizing a questionnaire survey.Online emails were used in the survey 

questionnaires to gather the manager's thoughts. Through the use of statistical programs like 

Importance-indexed and the replies that were gathered were examined.To accomplish the goal 

of the study, a thorough examination of the literature was done. as seen in figure 2.1.Educated 

Scholars provided a wealth of important information on the LSSB. There are primarily five 

distinct characteristics of these LSSB that have been identified. The managers who are now 

employed by the various manufacturing organizations were given access to a complete 

questionnaire that included these five aspects in the next stage.In order to determine words 

like mean, standard deviation correlation, important index value, and reliability analysis, the 

survey data was then examined using the SPSS program, as shown in figure 2.2.This study 

focuses on the main LSS implementation challenges facing the automotive industry. To start, 

we have identified 31 implementation challenges, which were then consolidated into 5 

categories. These obstacles are located using a poll and professional judgement on the Google 

Forms platform. Authors of this survey have collected responses and then assessed them using 

statistical programs like SPSS and the reliability test's CIMTC analysis. 
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The results of a significance index and analysis show that the majority of Indian 

manufacturing enterprises were dealing with issues from LSSB-4 and LSSB-3. The internal 

consistency of the gathered responses was 0.971, which is good. The detected LSSB shows 

that it is challenging to apply LSS procedures in the sectors that manufacture auto 

components. 

 

FIGURE 2.1 Research Methodology Applied [87] 
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FIGURE 2.2 Average mean value in relation to LSSB [87] 

[31] S. Krishna Priya et.al. (2019) [88] 

In order to decrease/eliminate non-value-added operations on the assembly line, this article 

offers a case study on the application of lean six sigma in an automobile assembly plant. In 

the automobile assembly plant, a complete defect analysis is conducted to investigate, 

quantify, and minimise sources of defects in a given operational process, to optimize the 

defect occurrence, enhance, and maintain performance during the auto assembly process.This 

job is carried out in an auto assembly facility in Oragadam, Chennai (Tamil Nadu), where 

semi-finished vehicles are transferred from one workstation to the next where interchangeable 

components are joined sequentially till the end finished product is manufactured.This work 

proposes a standardized quality management system in which stages, referred to as loops, are 

constructed for product quality check from the initial stage as Quality Feedback Loop-0 until 

the product is accepted with in marketplace and consumer feedback as Quality Feedback 

Loop-5.Any problem that arises during the assembly operation and is a part of the appropriate 

feedback loop allows the problem to be fed back into that loop, where a fix or modification 

may be made to solve the problem. The goal of this effort is to highlight Quality Feedback 

Loop -4, also known as Product Audit, where a completely completed car is assessed against 

quality standards from the viewpoint of the customer and problems are submitted for 

investigation in the relevant division and feedback loops.This is a crucial stage of the Quality 

Management System since it is the last standard of excellence assessment of the item before it 
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is in the customer's hands. Figure 2.3, figure 2.4 and figure 2.5 depicts the various analysis 

tools used in research.  

 

FIGURE 2.3 Analysis of the fishbone for subpar underbody covering [88] 

 

FIGURE 2.4 Why-Why analysis for poor finishing [88] 
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FIGURE 2.5 Problem tree analysis for glue spillage [88] 

In this research study, lean six sigma strategies were effectively applied in the automobile 

assembly division, resulting in the identification of three non-value-added activities, 12 

critical faults, and probable fixes.The use of methods such as six sigma DMAIC and RCA 

procedures, as well as tools such as fishbone investigation, problem tree assessment, why-why 

investigation, and process research, resulting in a substantial decrease of wasteful tasks, 

spending 19 minutes of work time and a 37.2% defect ratio.It is obvious that using lean tools 

and techniques eliminates waste and systematically resolves faults, which improves the 

quality of the product, process, and prevents the repetition of mistakes in the manufacturing 

sector. 

[32] R. Ben Ruben et.al. (2017) [89] 

According to the authors, Lean Six Sigma has a favorable influence on ecological 

performance since it lowers the consumption of raw materials, energy, and scrap while also 

lowering defects and process variation, all of which lower the total environmental 

consequences. In order to simultaneously minimise total faults and environmental 

consequences and enhance the firm's operational and environmental performance, this 

research applies a Lean Six Sigma methodology. The framework is built on the Define 

Measure Analyze Improve Control approach, which integrates standard Lean Six Sigma and 
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environmental impact appraisal tools to implement LSS strategies with environmental 

concerns in a methodical manner.An extensive literature evaluation of research that combine 

LSS with environmental factors was first undertaken in order to build the framework for LSS 

implementation with those considerations. The framework was created using the review's 

observations as a guide.The framework is being used in a case organization to validate the 

established framework for its applicability. The case organization that will be chosen must 

work in manufacturing where it is possible to perform an LSS research. To monitor progress, 

the obtained values for the organizational and environmental key parameters are compared to 

the actual values acquired prior to the framework's deployment.The improvement actions that 

have been carried out are noted as best practices, and appropriate action plans for maintaining 

them must be created. The framework is implemented using a case study methodology since 

this method works well for studies that concentrate on current occurrences.Improvement areas 

were discovered and the appropriate steps were made to innovate them based on the findings 

from the environmental VSM of the existing condition. The main house production line's 

future state map was created following the effective implementation of improvement 

activities, as illustrated in figure 2.6. 

 
FIGURE 2.6 Future scenario of environmental VSM [89] 
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After the LSS framework was successfully implemented in the example organization, gains 

were seen in terms of operational and environmental KPIs, as well as an increase in the 

process sigma level. Due to a decrease in overall rejections, the initiative also resulted in 

significant financial savings. Reductions in primary raw material, electricity, and water 

consumption, as well as faults and rework, decreased the total environmental consequences. 

The stated objectives were to minimize total environmental effects by 30% and internal faults 

from 16,000 to 5000 ppm. Following project completion, 6000 internal flaws were 

discovered, and 33 Pt of environmental damage was caused (which was previously 42 Pt). 

Regarding the internal flaws, there were 83 and 73% compliance rates with the target 

statement. 

[33] S. C. Chenet.al. (2005) [90] 

The authors "evaluate" the effectiveness of the customer's need by utilizing the car industry as 

a case study using the design, measure, analyze, improve, and control (DMAIC) model of Six 

Sigma. They do this by developing a questionnaire and "analyzing" the operation of the 

system for determining product quality.The specification for a linked product is then updated 

to reflect this. Next, they make use of crucial components used in associated industries' 

quality processes as a defense against progress and planning. In order to rapidly and 

efficiently design, measure, evaluate, improve, and regulate the product quality mechanism, 

equipment with a full evaluation and improvement model has been developed. Figure 2.7 

depicts a model based on this idea. 
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FIGURE 2.7 Industrial quality process influential chart [90] 

[34] Vinod G. Surange (2015) [91] 

The writers have focused on consumer demands that must be met with the lowest possible 

production costs, the shortest possible lead time to launch the product, and greater 

performance than the market's current rivals. A strong approach called Six Sigma finally aids 

in cost cutting.Increased profitability and market share result from defect avoidance, better 

products, and improved procedures. DMAIC and DMADV, two Six Sigma sub-

methodologies, are used to achieve this.Adopting the Design for Six Sigma process 

throughout the design phase results in the release of a product with the highest possible 

performance, tighter tolerances, and little to no errors. This essay discusses the uses, 

advantages, and positive effects of the Six Sigma approach and how it reduces the cost of bad 

quality. It defines cost of poor quality as the loss transmitted to society starting at the moment 

the product is sold.The term "cost of quality" or "quality expenses" refers to a method of 

calculating the entire cost of efforts and shortcomings connected to quality. The price of 

producing a quality good or service is not the "cost of quality." It is the price of failing to 

produce a high-quality good or service. Quality costs are the difference between a product or 

service's real cost and the cost that would be avoided if there was no chance of poor service, 
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faulty products, or manufacturing flaws.Expenses of Good Quality and Costs of Poor Quality 

are two kinds of costs related to quality. Good quality is related with expenses like prevention 

and assessment, whereas bad quality results in costs like failure. In order to develop a strategy 

for quality improvement, management must comprehend these expenses. The survival and 

maintenance of high-quality products or services is an organization's primary purpose. This 

goal may be accomplished with a thorough understanding of the expenses associated with 

quality as shown in figure 2.8. 

 
FIGURE 2.8 Quality Costing [91] 

The following observations were made at the end of the study: 

(i) Many service providers decide against doing cost of poor quality studies because 

they discover that the expenses of doing so and managing its intangible 

components exceed the advantages. 

(ii) the expense incurred to close the quality gap between requested and provided 

goods or services. It also accounts for the opportunity costs associated with the 

loss of resources employed to fix the flaw. 
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(iii) Advantages of a Six Sigma project include the ability to handle more work without 

hiring more people or to accomplish the same amount of work with fewer staff 

(saving money). 

(iv) Reduced time to market, cost avoidance, avoided lost profits, increased staff 

morale, improved organization image, and other intangible advantages from Six 

Sigma projects may result in significant savings for your company, but they are 

more difficult to measure. 

[35] E.V. Gijo et.al. (2010) [92] 

The authors have worked on the Six Sigma methodology's deployment to lower rejection and 

reworking in honing process in an organization that manufactures car parts. This outcome was 

attained using the Six Sigma DMAIC (define-measure-analyze-improve-control) 

technique.This article describes the step-by-step method of implementing Six Sigma in a 

manufacturing process to raise the degree of quality. As a result, there were fewer rejections 

and reworks, increasing the first pass yield from 88% to 100%.This research involved the 

collection of data on all potential causes, analysis of the data using statistical techniques 

including regression analysis, hypothesis testing, Taguchi methods, etc., and drawing of 

findings. The organization has made significant cost savings as a consequence of 

implementing the Six Sigma approach.Just after project, the process' sigma rating increased 

from 2.67 to 6.0. The team calculated the actual savings associated with this project with the 

aid of the financial department. It was discovered that this initiative has significantly reduced 

the expenditure of waste, repairs, and tools.This has inspired the management to apply the Six 

Sigma technique to all organizational development efforts. The management decided to 

appropriately reward the successful teams in order to encourage employees in the 

organization to use the Six Sigma approach.The people felt more confidence in using Six 

Sigma to handle any improvement initiatives in the organization after seeing this project's 

success. 
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[36] Alhuraish et.al (2016) [93] 

Based on three criteria, the authors employed an AHP (analytic hierarch process) model to 

identify the best approach and the most effective lean manufacturing and six sigma techniques 

in diverse sectors. Economic performance, operational performance, and innovative 

performance make up these criteria. Results of the study demonstrate the effects of three 

categories based on the use of a certain technique.Results demonstrate the effects of three 

categories based on the application of a certain technique. According to research, businesses 

that used both lean manufacturing and six sigma were more successful than those that only 

used one. In 33 French enterprises, a study was conducted to assess the results of the 

application and practice of lean manufacturing and/or six sigma. Customer satisfaction, 

quality improvement, variation reduction, productivity improvement, cost reduction, profit 

rise, staff participation, and employee turnover rate were among the 12 items listed.Three 

factors were weighed using AHP. These categories were financial, operational, and innovative 

and also weighted along with other criteria. Satisfied customer, quality improvement, 

variation reduction, productivity improvement, cost reduction, profit growth, suggestions and 

employee participation, and a lower turnover rate are the twelve sub-criteria.When compared 

to other decision-making techniques, AHP's priority rates are its key benefit. Priority ratings 

are numerically calculated together with all of the decision-making choices in the AHP's final 

phase. Each alternate option value for reaching each decision aim is shown by the priority 

rates.The decision-making process for choosing the optimal method and industry is organized 

in a hierarchical framework. However, figure 2.9 depicts the decision about the hierarchical 

organization. Identifying the primary goal is included in the first level. In this study, we want 

to accomplish two things. Consequently, there are two options. The best industry to work in 

should come first, followed by the best strategy.For both purposes, the second level and third 

level are comparable. As a result, it takes into account the three key criteria of financial, 

operational, and innovative. 12 sub criteria are covered at the third level. Two options are 

available for assessing performance: Figure 2.9 shows detailed analysis of decision regarding 

hierarchical structure. 
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1. Three possibilities that these various methodologies (A, B, and C) have been used by 

French enterprises to apply. Weighing these categories, A, B, and C allowed us to 

choose the most practical approach. 

2. Six options, representing a range of sectors including the electronics, automotive, 

service, health, and other sectors, were assessed based on methodology and industry at 

the final level. 

 
FIGURE 2.9 Decision Regarding Hierarchical Structure [93] 

The findings show that 25% of the health industry's businesses have adopted lean 

manufacturing, another 25% have adopted both lean manufacturing and six sigma, and the 

other 50% have adopted restricted lean and six sigma techniques. The findings show a modest 

level of efficacy in terms of financial and operational performance.The findings show that 

operational performance is where efficiency is at its highest, with no benefit to financial 

performance as it is neither the top nor second priority weight. Therefore, it would seem that 

other industries do better operationally and in terms of innovation than they do financially. 

Companies that use either lean manufacturing alone or lean manufacturing combined with six 
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sigma should anticipate similar results in innovation performance.Companies that use a 

restricted number of lean and six sigma tools do less well.The findings of this study suggest 

that the services, automotive, and electronics sectors significantly enhance performing 

outcomes. 

[37] N. F. HABIDIN et.al. (2012) [94] 

Investigating and performing a structural analysis of Lean Six Sigma (LSS) and 

organizational performance are the goals of this paper (OP). 252 key management figures in 

the Malaysian automobile sector provided the information.The findings of the reliability 

assessment, confirmatory factor evaluation, and exploratory factor assessments (EFA, CFA), 

all of which were experimentally confirmed, are presented in this study. It is anticipated that a 

set of assessment metrics for LSS and OP will be appropriate for their features and increase 

their competitiveness.It was determined that LSS, EMS, and OP have emerged as the most 

significant quality initiatives. These programs involve regional automakers and suppliers in 

their initiatives to improve efficiency and competitiveness, and in particular, their capacity to 

enhance innovation and technological advancement, quality and process execution, client and 

worker satisfaction, and financial results.This study came to the conclusion that neither the 

LSS nor the OP were significantly moderated by ISO 14001 certification, nor was the balance 

of this connection affected. The OP of ISO 14001 certified businesses, however, was shown 

to be greater than that of uncertified businesses. 

[38] Vikash Gupta et.al. (2017) [95] 

The DMAIC approach was employed in the current study to reduce the process variability of 

the bead splice that result in material waste. The define stage of this six-sigma DMAIC 

investigation began with the identification of the problem using the voice of the consumer. 

The next stage entails acquiring the specifications for the tyre bead that is currently in use.The 

evaluation and improvement processes came next, when six-sigma quality techniques 

including cause-effect diagrams, statistical process controls, and thorough analyses of the 

current system were used to identify underlying causes and lower process variance.The 

process was monitored and controlled systematically using the process control charts. The 
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standard deviation was lowered from 2.17 to 1.69 using DMAIC approach. Process 

performance capability index (Cpk) value increased from 0.94 to 2.66, while the process 

capability index (Cp) value is increased from 1.65 to 2.95.The major source of the issue was 

discovered using the Ishikawa diagram, which is seen in figure 2.10. 

 
FIGURE 2.10 Ishikawa Diagram [95] 

[39] M. Vinod et.al. (2015) [96] 

The researchers have observed that many organizations have adopted Six Sigma. There are 

many different tools and strategies used in the Six Sigma implementation process. Six Sigma 

initiatives have yet to use some of the tools and strategies that are highly successful in 

accomplishing the program's objectives. Poka-Yoke is one of the methods.The literature 

search described in this research was done to investigate the use of Poka-Yoke in Six Sigma 

initiatives. The overall conclusion of this literature search revealed that, when compared to 

study on Six Sigma, the quantity of research on using Poka-Yoke in real-world situations has 

been pitiful.In 3 of the 4 research projects included in such articles, Poka-Yoke solutions were 

used in the DMAIC "improve phase" of the Six Sigma methodology. Poka-Yoke solutions 

have emerged during the analysis phase of one such study. Since the Poka-Yoke solutions 

have merely been proposed in all of these investigation initiatives, the increase in sigma level 

brought about by their effective application cannot be measured.The conclusion of this article 
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makes a proposal for further study on how to truly apply the Poka-Yoke approach in the 

DMAIC stages to accomplish the objectives of Six Sigma. 

[40] Hikmet Erbiyik et.al. (2015) [97] 

With respect to "how to characterize the difficult problems which are faced in the supply 

chain," the overall framework of six sigma is presented in this research together with the 

pertinent information and remarks for statistical methods used in supply chain assessment and 

evaluation. In order to create goods for the automobile sector in the Bursa region, field work 

is now being conducted in an automotive satellite firm. In the automotive industry, the 

company has established an ISO TS 16949 Quality Management System.Incorporating the six 

sigma technique is one of the methods the business uses to adhere to the quality management 

system's ongoing improvement.According to the findings of the statistical analyses, the 

relevant firm must be urged to take the necessary corrective and/or improvement measures. 

The company's own 6-Sigma execution approach must also be implemented, measured, and 

confirmed by appropriate statistical control and analytic techniques, and every new 

implementation that has been achieved must be reviewed for conformity with these 

requirements.The information used in this study was gathered through a thorough 

examination of the company's prior manufacturing activity records and the making of 

pertinent judgments.The relevant prospective and actual faults have been noticed and 

analyzed using statistical techniques within the six-sigma implementing domain, and the 

genuine sources of the problems have been discovered, identified, minimised, and organized 

in terms of priority. Fish-bone diagrams, histograms, and pie diagrams have all been used to 

rank the stated fundamental causes of problems. 

 

2.1.1 Literature Summary  

For the literature review, more than 100 including research papers, conference papers, 

magazine articles, and Industrial reports have been reviewed. Among these articles, 34% of 

papers are published after 2016 and 32% of papers are published after 2011 as shown in 

Figure 2.11(a). Also, the articles have been shortlisted as per the publications and change 

methods as shown in Figure 2.11 (b) and Figure 2.11 (c).  
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(a) 

 

(b) 

 

(c) 

FIGURE 2.11 Literature summary charts (a) Year Vs Articles (b) Publication Vs Articles (c) 
Method Vs Articles 
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2.2 Research gap & Significant Findings of Literature Review  

 Lean and Six Sigma are change methods developed in first world countries like Japan 

U.S , UK , and Germany . In India very few Organizations have knowhow about Lean 

Six Sigma. The major reasons for that are resistance at worker level, management 

commitment, need of extra resources and shortage of experts. 

 Small plants are less likely to implement lean six sigma. From literature review it is 

clear that the larger and newer plants are more likely to implement lean Six Sigma . 

Implementing change methods needs Considerable amount of financial resources so 

small plants are less likely to implement lean and Six Sigma. 

 Lean focuses on waste elimination Six Sigma targets reduction in defects. There are 

significant researches and implementation cases. of Lean and Six Sigma individually. 

No significant work is done to integrate lean and Six small in small and medium sized 

manufactures of automotive parts  

2.3 Objectives and Research Methodology 

2.3.1 Objectives 

As a result of the doctoral study detailed in this thesis, the following goals were created in 

order to tackle the quality problems in automobile and allied industries using LSS technique: 

 

1. To derive important critical success factors and performance outcome factors for LSS   

implementation in small and medium-scale automobile and allied industries  

2. To develop SEM model based on a questionnaire survey for investigation of a strong 

correlation between critical success factors and performance outcome factors.  

3. To derive important impending factors and LSS tools for small and medium-scale 

automobile industries.  

4. To prepare guideline of LSS implementation for targeted industries by collecting 

feedback from experts.  

5. To implement important LSS tools for selected small and medium-scale automobile  
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6. To identify important attributes of small and medium-scale automobile manufacturing 

units. 

2.3.2 Research Methodology  

According to the literature analysis described in the previous section, the research study 

within the small and medium scale automobile and allied industries and related industries 

has revealed a number of research gaps. As a result of these deficiencies, a lean practice 

model for small-to-medium scale automotive industry using lean six sigma practice core tools 

have been developed as the study's purpose; It has been determined that in order to 

accomplish the defined research goals, survey-based methods are required. This section 

outlines the research study's methodology in order to attain the stated objectivities. The 

researcher might declare that the stated purpose has been achieved using survey-based 

research, as given in the following chapters. Literature review, implementation of Lean six 

sigma manufacturing methods and techniques in small and medium scale automobile and 

related industries, development of Lean six sigma practice model, and validation phase make 

up the bulk of the research. Early on, performance measures were set up in order to get 

qualitative feedback on changes. According to the Likert scale, PMs have been evaluated for 

qualitative outcomes. The figure of research methodology is shown in Figure 3.1. 

1. Review of Literature 

2. Identification of Research Problem 

3. Identification & Selection of Factors Affecting Lean six sigma implementation.  

4. Identification and Outline of Organizational Performance Measures of Lean six sigma 

implementation. 

5. Research Design of Survey Instrument (Pilot Questionnaire & Internal Consistency) 

6. Development of Final Questionnaire 

7. Analysis of Data -Factor Analysis, Content, Construct, Validity, Reliability 

8. Hypotheses Testing -Multiple Regression Analysis and Development of Lean six 

sigma Practice Model 

9. Validation of Lean Implementation (Performance) Model Through Case Studies 

10. Documentation of Observations and Interpretation & Sharing With subjects 



Literature Review 
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2.4 Chapter Summary  

Outcome of literature from different sources related to various change methods is 

discussed in this chapter Research papers from stomdard Journals were referred for this 

chapter. Research gap, objectives and research methodology were derived as the outcome 

of chapter. 
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CHAPTER-3 

Research Methodology 

3.1 Introduction 

Globalization has increased rivalry across sectors, creating a battle amongst rivals to gain a 

sustainable edge through adopting critical Lean techniques. Automobile manufacturers and 

their allied manufacturers in India are working hard to adapt to the changes in order to meet 

the increased difficulties such as low-cost production, rising consumer expectations, and 

changing market demand. Lean tools will assist these sectors in becoming more efficient, and 

the benefits reaped as a result of their use will be tremendous. Lean manufacturing will assist 

you utilize half the human labour, half the space, half the cost, and half the time to create a 

new product. A survey was conducted to learn more about the adoption of the Lean Six Sigma 

Methodology in automotive manufacturing firms and its allied manufacturers. 

The overall Study design or framework of the research is described in this chapter, which 

contains the research design and techniques, a comprehensive plan for the kind of information 

gathered, its sources, validation, data collecting process, suitable data analysis stages and 

methods.  

3.2 The flow of work 

This study is conducted to investigate the “Lean Six Sigma Methodology for Automobile and 

Allied Industries to Enhance Quality and Cost Effectiveness”. To improve measurement 

objectivity, the data were gathered using an ordered questionnaire of collection. This analysis 
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uses the Likert scale from 1 (i.e. extremely disagree) to 5 (very agreed). Both items and 

surveys were validated after the construction of the instrument on the basis of literature scans. 

To make sure the validity, readability, and shortness of content are enhanced and further 

improved. A total of 210 responses were collected through the questionnaire. Critical success 

factors and performance outcomes had been analyzed. The reliability of the questionnaire had 

been checked by Cronbach alpha. The data were analysed with AMOS structural equation 

modeling (SEM). Relative fitness tests have been analysed. Measurement models, covariance 

models and final SEM were prepared. Proposals made by experts were introduced.The flow of 

research methodology is given in following figure 3.1. 

 

FIGURE 3.1 Flow of work 

 

Implementation

Validation

Preparation of Model

Data processing by using SPSS

Data collection based on questionnaire

Correction/modification of questionnaire

Framing the questionnaire

Visit/communicate with expert.

Identify CSFs based on literature review and expert view.
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3.3 Sampling Design and Type 

The structural equation modeling (SEM) has been used to evaluate the assumptions. Any 

statistical analysis and its assumption tests depend on the number of sample size, 

observations, and it is also a key element in establishing how trustworthy a current model 

assessment process is. A minimal ratio of at least 5 responders for each estimated parameter is 

acceptable in SEM, according to the theory (Hatcher, 1994).  

In this study, the researcher used a convenient sampling method since it is the most favoured 

data collecting technique because it makes data collection appropriate, as the name indicates. 

The interviewees were chosen based on mutual convenience. The intended audience included 

corporate executives, managers, and Lean six sigma practitioners or consultants. As a result, 

the researcher selected these samples based on mutual convenience. The respondents for the 

qualitative research were selected using a simple random sampling technique. Data was 

gathered from company leaders, LSS practitioners, supervisors, executives/officers, and 

managers. To get reliable and authentic information, the information was gathered from 

workers who have been with the company for more than two years.  

When using the Maximum Likelihood Estimation (MLE) technique, the model and the 

number of fit indices such as NFI and RFI, NFI, CFI and CN are generally and consistently 

constant throughout the sample size of 200 or more. Smaller sampling error means more 

probable sample is representative of target population, according to Grossnickle and Raskin 

(2001). Due to the estimate process and the estimation for model fit, using structural equation 

modeling procedures necessitates using a high sample size (Hair, et al., 1998). A sample size 

of more than 200 instances, according to Kline (1998), may be regarded as big (p.12). In his 

study, Hoelter (1983) claimed that a sample size of 200 people was necessary. A minimum 

sample size of 200 observations was recommended by Kelloway (1998) for structural 

equation modeling. In present research 211 people responded to the poll,as a result, the total 

number of responses is 211. 
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3.3.1 Sampling 

In research, sampling is the process of choosing a subset of a larger population to investigate. 

As a result, we may make inferences about the whole population from a small sample of the 

entire population. The research used the Convenient Sampling Non-Probability Sampling 

method. The study was put together using a descriptive research approach. The respondents 

for the research were from the automotive manufacturing and related industries from different 

cities such as Coimbatore, Ahmadabad, Vapi, and others.  

 

3.3.2 Target Population 

The Research Population is made up of all the components (people or things) that have a 

feature specified by the researcher's sample criteria. That which has the required knowledge 

and may answer research inquiries is referred to as the subject matter. It is the whole set of 

elements from which we want to draw conclusions. Business leaders, Lean practitioners, 

supervisors, executives/officers, managers, and consultants were among the participants. The 

data is collected by interview and electronic survey. 

3.3.3 Scale & Instrument Measurement 

For the purposes of this study, the scales utilized were modified from widely used and well-

established instruments used by academics for their work in high impact factor international 

journals. Multiple-item Likert scales were used to assess all study constructs. Multiple item 

Likert scale is a scale commonly used in researches that employ questionnaires. From referred 

literature it is clear that it is most frequently used scale for lean, six sigma and other change 

methods [61-63,65,67]. Critical success factors and performance outcome factors were 

decided as the result of experts’ consultation (Point 5.3) and literature review (chapter-2). The 

questionnaire included details about respondents’ designation, experience and field of 

expertise. The open-ended and closed-ended items were included in the questionnaire, which 

used a Five Point Likert Scale. Strongly Disagree, Disagree, Neutral, Agree, and Strongly 

Agree are the options on a five-point Likert scale.  
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3.4 Geographical Coverage 

Survey was carried for small and medium scale automotive manufacturers in India. The 

respondents were selected from various parts of India and world. 

3.5 Period of the Study 

From January 2018 to March 2022, the current research will focus on a chosen group of 

automobile manufacturing and auto component manufacturing firms. 

3.6 Data Collection Method 

The researcher used a self-directed structured and closed-ended questionnaire to collect 

significant information and data from respondents for the study. The framework of the 

research technique was developed with factors such as educational qualification and job 

experience in mind. 

3.6.1 Summary of Questionnaire 

[A] Suitable Six Sigma Practices (1 To 12) 

[B] Suitable Lean Practices (13 To 24) 

[C] Critical Success Factors  

 [C1] Management commitment (25 to 30) 

 [C2] LS.S. training (31 to 36)  

 [C3] Project prioritization (37 to 42)  

 [C4] Organization infrastructure (43 to 47) 

 [C5] culture change (48 to 54)  

 [C6] Linking L.S.S. to business Strategy (55 to 60) 

 [C7] Out sourcing- collaboration (61 to 65)  

 [C8] H R. reward system (66 to 73)  

 [C9] Involvement of all levels of employ (74 to 80) 

 [C10] Vendor development and network (81 to 86) 

 [C11] Performance measurement (8t to 91) 



72 
 

 [ C12] Customer focus and involvement (92 to 96) 

[D] Performance Outcome 

 [D1] Quality aspects (97 to 100)  

 [D2] Cost aspects (101 to 104)  

 [D3] Financial performance aspects (105 to 108) 

 [D4] Productivity aspect (109 to 112) 

 [D5] Customer satisfaction aspect (113 to 116)  

 [D6] Flexibility aspects (117 to 120)  

[E] Barriers for Lean Six Sigma Implementation (121 to 133) 

The data is gathered in two ways: main data and secondary data, which are used to describe 

the issue or test. Data is needed to form and comprehend the present study's main goal. 

The main data is gathered by administering a standardized questionnaire through survey. 

Survey responses were gathered through questionnaire responses on survey by telephone 

calls, email, or in-person interviews. In the current research, a questionnaire was utilized to 

gather primary data, and a structured series of questions was employed to elicit information 

from respondents. The researcher performed a pilot study to examine the application of the 

Lean Six Sigma. Methodology in automotive manufacturing businesses as well as related 

manufacturing firms. The researcher made certain that the questionnaire was sent to the Lean 

Six Sigma implementers and experts. The data was evaluated, and the results were utilised to 

make appropriate modifications to the final questionnaire. 

To collect data, an online poll was established using Google forms and the link was sent to 

responders. Adequate precautions were taken to send reminders to non-respondents, as well as 

frequent follow-ups. Structured and semi-structured interviews were also used to gather data 

since they enable researchers to better understand the phenomena and the people engaged in 

it. These interviews with Lean six sigma practitioners aided the researcher in identifying the 

variables that contributed to the success of LSS deployment. Aside from that, the researcher 
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had gathered minute information about all elements of the Lean implementation via 

observation methods such as participatory and non-participative observations. Out of the 

distributed questionnaires, fair numbers of questionnaires duly filled in were received from 

respondents. Additional data has been collected for research alternative other than the preset 

research and the present research problem. The material for the Lean six sigma 

implementation was gathered from numerous publications, annual reports, magazines, parent 

industry documents, media stories, and disseminated case representations. The researcher 

visited different websites in order to get relevant information on the topic.  

3.7 The Validity of the Research 

Validity refers to the study's findings being as accurate as possible. The findings' validity may 

be judged on the basis of internal or external factors. Internal validity is a term that relates to 

evaluating the correctness of the findings. When we talk about external validity, we're talking 

about looking at the results to see whether they can be applied in other contexts. 

There are several kinds of validity when measures are employed: validity, which refers to how 

well a measurement can capture what it is supposed to, divergent validity and convergent 

validity both refer to how similar the findings would be if the measurement were applied 

elsewhere. Convergent validity refers to how similar the results would be if applied 

elsewhere. It's important to note that qualitative research has a particular set of validity 

categories, four of which are often highlighted. The four types of validity are based on 

whether or not they can be used in a real-world situation. The degree to which the findings are 

accurately described is known as descriptive validity. The usefulness of an interpretation is 

linked to its interpretative validity. 

When we talk about theoretical validity, we're talking about how well a theory is in 

supporting the topic of research. Validity was taken into account throughout the course of this 

investigation. Face validity, Confirmatory factor analysis (validity) and construct validity, 

tests are performed as validity and reliability test for model. We have prepared a model based 

on questionnaire. The face validity of model was ensured by field experts. Further 

confirmatory factor analysis was carried out to confirm fitness of various models (table 3.20, 



74 
 

3.21, 3.22). The construct validity of the model is decided based on fallowing criteria (table 

3.2 to 3.19) 

a. factor loading path estimates > 0.7, b. Variance extracted > 0.5 
In each case it is also ensured that construct reliability > 0.7. Above procedure of validity 

testing (Face validity, construct validity & confirmatory factor analysis) confirms assumption 

testing and normality testing. To avoid having to rely on information from other researchers, 

the researcher created a questionnaire that contained only relevant items. 

3.8 Statistical Methods Used 

Types of Tests used in SPSS: 

3.8.1. Hypothesis Testing 

Data is everything in statistics. Data by itself is boring. We're more interested in how the data 

is interpreted than in the data itself. To understand or draw inferences about the population 

from a sample of data, we use Hypothesis Testing. Using a Hypothesis Test, you may decide 

which of two competing claims about a population is most supported by the sample data. If 

we want to make claims about the distribution of data or whether one set of results varies 

from another, statistical hypothesis testing is required. 

3.8.2. Correlation Analysis 

Correlation analysis is often used in research to determine the strength of a connection 

between two variables. Linear correlation analysis is very useful in social science research to 

show how closely two variables are linked. The linear correlation coefficient (sometimes 

known as r or R) is a statistical metric that shows how closely two variables are 

linked.   Every research uses correlation analysis for a similar reason: to discover the 

associative connection between two variables that are otherwise unrelated. The point of this 

study is to illustrate the value of the linear correlation coefficient in detecting the degree of 

multi collinearity and mediating/moderating the status of independent variables in a model, as 

an extra extension. Using this method, a researcher may figure out whether there's a 

connection between two variables. 
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3.8.2.1 Identify CSFs based on literature review and expert view. 

TABLE3.1: Experts’ suggestions about questionnaire/ CSF s 

Sr. 

No. 
Name of Experts. Designation 

Suggestions about 

Questionnaires/ CSF 

1  Dr. S. R. Devdasan  

(25 + years 

experience teaching 

and consultancy 

Specialization:TQM, 

AGILE 

LEAN,SIX SIGMA 

Total 207 research 

work  

With more than 

2000 citation) 

Professor Production 

Engineering. 

PSG college of 

technology. 

Coimbatore  

Include Motivating 

employees to achieve zero 

defect and elimination of 

waste. 

Culture favoring 

Innovation to achieve zero  

Defect and waste elimination. 

Management commitment 

towards using IOT to achieve 

zero defect and waste 

elimination. 

(These factors are applicable 

to other industries also)  

2  Ashok Kumar Kaul  

(25 + years of 

experience in 

production of 

engineering goods)  

Head, 

  Western Equipments 

  Vapi, 

LSS Black Belt 

Include 

Leadership for LSS. 

Cultural change. 

Project Prioritisation. 

Linking LSS to customers 

and suppliers. 

3  Dr. Sukutu Jani  

(10 + years of 

experience in 

teaching and 

research)  

Head, Automobile 

Engineering Department, 

INDUS College of 

Engineering, 

AHMEDABAD   

Include 

Vision and plan statement 

supported by management 

Management involvement 

and commitment 

Linking LSS to customers 
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*Cultural change 

*Education and training  

4  Dr. S. J. Raval  

(10 + years of 

experience as 

researcher and 

practitioner in LSS 

field)  

Assistant Professor, 

Mechanical Engineering, 

DDIT Nadiad. 

LSS green belt. 

Critical success factors 

cannot be categorized 

industry wise. 

Include –sufficient finance to 

support LSS activity.  

 

5   Mr. Rakesh Patel 

(20 + years of 

experience in 

production of 

different automobile 

parts.)  

Production manager, 

Galaxy bearings Ltd, 

Rajkot. 

LSS green belt.  

Critical success factors are 

not industry specific.  

6 Mr. Jayesh  Kotecha  LSS green belt, 

Consultant 

Management Commitment 

Leadership Style 

 

7 Chetan  Kathrotia  

(20+ years of 

experience)  

Manager, Galaxy 

bearings ltd. 

Green belt in Six Sigma. 

Include questions about 

probable outcome of 

implementing LSS in the 

targeted group of industry.  

8 Sanjay Patel  

 

Managing Director. 

GMP industries. 

 

Suggestions are to be asked 

from respondents for 

successful implementation of 

LSS in targeted industry type. 
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3.9 Structural Equation Modeling 

3.9.1 Flexibility Aspect 

The four items were subjected to a measurement model analysis to evaluate model fit indices 

in this construct. CMIN/DF = 3.62, GFI =0.98, CFI = 0.98, and RMSEA = 0.08 are the initial 

model fit indices. The index value for CMIN/DF was discovered to be greater than 3.00 but 

less than 5.00, hence this value is acceptable. The remaining indices' values were determined 

to be within an acceptable range, and all of the path estimations were determined to be above 

0.69, therefore no more model modifications were made, and all of the items were 

maintained. Variance extracted (VE), Path forecasts, and the Reliability test are used to assess 

the construct's convergent validity. Convergent validity is demonstrated by the whole path 

estimates exceeding 0.5. All of the construct path estimations are greater than 0.5. The build 

has a VE of 0.53. (The value of VE more than 0.5 can be accepted). Similarly, construct 

dependability is a metric for determining how reliable a construct is (CR). This construct's CR 

is 0.79, which is considerably beyond the allowed range (acceptable range for CR is 0.7). The 

constructs have significant convergent validity when all measures are taken into account. The 

table 3.2 shows the final set of measurement items for the build, VE, CR, and model fit 

indices. Figure 3.2 depicts the construct's final measurement model. 

 

FIGURE3.2: Measurement model- Flexibility aspect 
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TABLE 3.2: Model fit indices for flexibility aspect 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

fa1 

Better response to 

specification change from 

customers 

0.74 

0.53 0.79 

CMIN/DF=3.62         

GFI= 0.98            

CFI=0 .98       

RMSEA=0.08 

fa2 
Better response to volume 

Change 
0.71 

fa3 
Better response to change 

in deliver schedule 
0.73 

fa4 
Better response to change 

in business environment 
0.72 

3.9.2 Quality Aspect 

The four items were subjected to a measurement model analysis to check model fit indices in 

this construct. CMIN/DF = 3.91, GFI =0.97, CFI = 0.90, and RMSEA = 0.13 are the initial 

model fit indices. The index value for CMIN/DF was discovered to be greater than 3.00 but 

less than 5.00, hence this value is acceptable. The remaining indices' values were determined 

to be within an acceptable range, and all of the path estimations were determined to be above 

0.70, thus no more model modifications were made, and all of the items were kept. 

The construct's convergent validity is examined using variance extracted (VE), path estimates, 

and the reliability test. Convergent validity is demonstrated by the whole path estimates 

exceeding 0.5. All of the construct path estimations are greater than 0.5. The build has a VE 

of 0.58 (the value of VE more than 0.5 can be accepted). Similarly, construct dependability is 

a metric for determining how reliable a construct is (CR). This construct's CR is 0.83, which 

is significantly over the acceptable range (acceptable range for CR is 0.7). The constructs 

have significant convergent validity when all measures are taken into account. Table 3.3 

shows the final set of measurement items for the construct, VE, CR, and model fit indices. 

Figure 3.3 depicts the construct's final measurement model. 
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FIGURE3.3: Measurement model- Quality Aspect 

 

TABLE3.3: Model fit indices for Quality Aspect 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

qa1 Reduction in rework 0.84 

0.58 0.83 

CMIN/DF=3.91   

GFI=0.979            

CFI= 0.902       

RMSEA=0.131 

qa2 Reduction in rejection rate 0.74 

qa3 

Increased recognisiation by 

quality standardization 

institution 

0.75 

qa4 
Improved performance of 

products 
0.70 
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3.9.3 Financial Performance 

The four items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 3.54, GFI =0.98, CFI = 0.98, and RMSEA = 0.04 are the initial 

model fit indices. The index value for CMIN/DF was discovered to be greater than 3.00 but 

less than 5.00, hence this value is acceptable. The remaining indices' values were determined 

to be within an acceptable range, and all of the path estimations were determined to be above 

0.70, thus no more model modifications were made, and all of the items were kept. The 

construct's convergent validity is examined using variance extracted (VE), path estimates, and 

the reliability test. Convergent validity is demonstrated by the whole path estimates exceeding 

0.5. All of the construct path estimations are greater than 0.5. The build has a VE of 0.64 (the 

value of VE more than 0.5 can be accepted). Similarly, construct dependability is a metric for 

determining how reliable a construct is (CR). This construct's CR is 0.86, which is 

substantially over the acceptable range (acceptable range for CR is 0.7). The constructs have 

significant convergent validity when all measures are taken into account. Table 3.4 shows the 

final set of measurement items for the construct, VE, CR, and model fit indices. 

 
FIGURE3.4: Measurement model- Financial Performance 
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TABLE 3.4: Model fit indices for Financial Performance 

Factor 
Item 

Description 
Path Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

fpa1 
Increased profit 

margin 
0.79 

0.64 0.83 

CMIN/DF=3.54       

GFI= 0.988            

CFI= .983       

RMSEA=0.04 

fpa2 
Increased 

Turnover 
0.89 

fpa3 
Reduced Cost of 

Quality 
0.74 

fpa4 

Reduced cost of 

borrowings 

(loans) 

0.77 

3.9.4 Cost Aspect 

The four items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 3.51, GFI =0.96, CFI = 0.91, and RMSEA = 0.08 are the initial 

model fit indices. The index value for CMIN/DF was discovered to be greater than 3.00 but 

less than 5.00, hence this value is acceptable. The remaining indices' values were determined 

to be within an acceptable range, and all of the path estimations were determined to be above 

0.70, thus no more model modifications were made, and all of the items were kept. The 

construct's convergent validity is examined using variance extracted (VE), path estimates, and 

a reliability test. Convergent validity is demonstrated by the whole path estimates exceeding 

0.5. All of the construct path estimations are greater than 0.5. The build has a VE of 0.58. 

(The value of VE more than 0.5 can be accepted). Similarly, construct dependability is a 

metric for determining how reliable a construct is (CR). This construct's CR is 0.83, which is 

significantly over the acceptable range (acceptable range for CR is 0.7). The constructs have 

significant convergent validity when all measures are taken into account. Table 3.5 shows the 

final set of measurement items for the construct, VE, CR, and model fit indices. Figure 3.5 

depicts the construct's final measurement model. 



82 
 

 

FIGURE3.5: Measurement model- Cost Aspect 

TABLE3.5: Model fit indices for Cost Aspect 

Factor 
Item 

Description 

Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

ca1 

Lower 

production cost 

per unit 

0.79 

0.58 0.83 

CMIN/DF=3.51           

GFI= 0.96           

CFI=0.91 

RMSEA= 0.08 

ca2 
Lower 

maintenance cost 
0.802 

ca3 
Reduced work in 

progress 
0.74 

ca4 
Reduced 

wastage 
0.72 
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3.9.5 Customer Satisfaction 

The four items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 3.79, GFI =0.99, CFI = 0.96, and RMSEA = 0.07 are the first 

model fit indices. This number can be approved because the index value for CMIN/DF was 

found to be less than 3.00. The remaining indices' values were determined to be within an 

acceptable range, and all of the path estimations were determined to be above 0.70, thus no 

more model modifications were made, and all of the items were kept. The construct's 

convergent validity is examined using variance extracted (VE), path estimates, and a 

reliability test. Convergent validity is demonstrated by the whole path estimates exceeding 

0.5. All of the construct path estimations are greater than 0.5. The build has a VE of 0.58 (the 

value of VE more than 0.5 can be accepted). Similarly, construct dependability is a metric for 

determining how reliable a construct is (CR). This construct's CR is 0.83, which is 

significantly over the acceptable range (acceptable range for CR is 0.7). The constructs have 

significant convergent validity when all measures are taken into account. Table 3.6 shows the 

final set of measurement items for the construct, VE, CR, and model fit indices. Figure 3.6 

depicts the construct's final measurement model. 

 
FIGURE3.6: Measurement model- Customer Satisfaction 
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TABLE3.6: Model fit indices for Customer Satisfaction 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

cs1 

Increased number 

of repeat 

customers 

0.71 

0.58 0.83 

CMIN/DF=3.79     

GFI= 0.99           

CFI= 0.96      

RMSEA=0.07 

cs2 
Reduced customer 

complaints 
0.81 

cs3 

Getting new 

customers based 

on 

recommendation 

from existing 

customers 

0.72 

cs4 

Overall 

improvement in 

customer 

satisfaction 

0.79 

3.9.6 Productivity Aspect 

The four items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 4.12, GFI =0.97, CFI = 0.93, and RMSEA = 0.10 are the initial 

model fit indices. The CMIN/DF index value was found to be greater than 3.00. The values of 

the other indices were likewise not within an acceptable range, and five path estimations were 

discovered to be above 0.70, thus the model was modified again, and only five items were 

kept. The construct's convergent validity is examined using variance extracted (VE), path 

estimates, and the inferential analysis. After the adjustment, the complete path estimates were 

determined to be greater than 0.5, indicating sufficient convergent validity. All of the 

construct path estimations are greater than 0.5. The build has a VE of 0.61 (the value of VE 

more than 0.5 can be accepted). Similarly, construct dependability is a metric for determining 
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how reliable a construct is (CR). This construct's CR is 0.85, which is significantly over the 

acceptable range (acceptable range for CR is 0.7). The constructs have significant convergent 

validity when all measures are taken into account. Table 3.7 shows the final set of 

measurement items for the construct, VE, CR, and model fit indices. Figure 3.7 depicts the 

construct's final measurement model. 

 
FIGURE3.7: Measurement model- Productivity Aspect 

TABLE 3.7: Model fit indices for Productivity Aspect 

Factor 
Item 

Description 

Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

pa1 

Higher 

machine 

productivity 

0.82 

0.61 0.85 

CMIN/DF=4.

12     GFI= 

0.97            

CFI= 0.93      

RMSEA= 

0.10 

pa2 

Higher 

process 

productivity 

0.73 

pa3 Higher 0.74 
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human 

productivity 

pa4 

Higher 

overall 

productivity 

0.83 

3.9.7 Customer Focus 

The five items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 3.87, GFI =0.96, CFI = 0.98, and RMSEA = 0.09 are the initial 

model fit indices. The CMIN/DF index value was determined to be higher than 3.00 but lower 

than 5. The remaining indices' values are similarly within an appropriate range, and all path 

evaluations are more than 0.70, so no additional model adjustment was done, and all items 

were kept. The construct's convergent validity is examined using variance extracted (VE), 

path estimates, and an inferential analysis. The fact that the complete path estimations were 

determined to be more than 0.5 indicates convergent validity. All of the construct path 

estimations are greater than 0.5. The build has a VE of 0.55. (The value of VE more than 0.5 

can be accepted). Similarly, construct dependability is a metric for determining how reliable a 

construct is (CR). This construct's CR is 0.81, which is substantially over the appropriate 

range (acceptable range for CR is 0.7). The constructs have significant convergent validity 

when all measures are taken into account. Table 3.8 shows the final set of measurement items 

for the construct, VE, CR, and model fit indices. The construct's ultimate measurement model 

is depicted in Figure 3.8 below. 
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FIGURE 3.8: Measurement model- Customer Focus 

TABLE3.8: Model fit indices for Customer Focus 

Factor 
Item 

Description 

Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

cf1 

Have a good 

customer 

feedback 

system 

0.76 

0.55 0.81 

CMIN/DF=3.87     

GFI= 0.96            

CFI= 0.98       

RMSEA=0.08 

cf2 

Regular 

meeting with 

customers 

0.72 

cf3 

Corrective 

and positive 

response to 

customer 

feedback 

0.75 

cf4 

Participation 

in marketing 

efforts by 

0.74 
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customers 

cf5 
On time 

delivery 
0.79 

3.9.8 Performance Measurement 

The five items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 3.49, GFI =0.99, CFI = 0.96, and RMSEA = 0.05 are the initial 

model fit indices. The CMIN/DF index value was determined to be higher than 3.00 but lower 

than 5. The remaining indices' values are similarly within an appropriate range, and all path 

evaluations are more than 0.70, so no additional model adjustment was done, and all items 

were kept. Variance extracted (VE), Path predictions, and the Reliability test are used to 

assess the construct's predictive relevance. The fact that the complete path estimations were 

determined to be more than 0.5 indicates convergent validity. All of the construct path 

estimations are greater than 0.5. The build has a VE of 0.58 (the value of VE more than 0.5 

can be accepted). Similarly, construct dependability is a metric for determining how reliable a 

construct is (CR). This construct's CR is 0.83, which is significantly over the appropriate 

range (acceptable range for CR is 0.7). The constructs have significant convergent validity 

when all measures are taken into account. Table 3.9 shows the final set of measurement items 

for the construct, VE, CR, and model fit indices. Figure 3.9 depicts the construct's final 

measurement model. 

 
FIGURE 3.9: Measurement model- Performance Measurement  
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TABLE 3.9: Model fit indices for Performance Measurement  

Factor 
Item 

Description 

Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

pm1 

Key processes 

are regularly 

measured for 

output 

0.73 

0.58 0.83 

CMIN/DF=3.

49     GFI= 

0.99            

CFI= 0.96       

RMSEA= 

0.05 

pm2 

Key processes 

are regularly 

controlled and 

audited 

0.87 

pm3 

Have a system 

to measure 

performance 

of 

manufacturing 

equipment 

0.70 

pm4 

Effective 

performance 

appraisal 

system for 

employees 

0.79 

pm5 

Use of seven 

quality tools 

for quality 

assessment 

0.72 
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3.9.9 Vendor Development Network 

The six items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 4.11, GFI =0.90, CFI = 0.93, and RMSEA = 0.11 are the initial 

model fit indices. The CMIN/DF index value was determined to be higher than 3.00 but lower 

than 5. The remaining indices' values are similarly within an appropriate range, and all path 

evaluations are more than 0.60, so no additional model adjustment was done, and all items 

were kept. The construct's convergent validity is examined using variance extracted (VE), 

path predictions, and a reliability test. The fact that the complete path estimations were 

determined to be more than 0.5 indicates convergent validity. All of the construct path 

estimations are greater than 0.5. The build has a VE of 0.60. (The value of VE more than 0.5 

can be accepted). Similarly, construct dependability is a metric for determining how reliable a 

construct is (CR). This construct's CR is 0.81, which is far over the appropriate range 

(acceptable range for CR is 0.7). The constructs have significant convergent validity when all 

measures are taken into account. Table 3.10 shows the final set of measurement items for the 

construct, VE, CR, and model fit indices. Figure 3.10 depicts the construct's final 

measurement model. 

 
FIGURE 3.10: Measurement model- Vendor Devel Network 
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TABLE 3.10: Model fit indices for Vendor Devel Network 

Factor 
Item 

Description 

Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

vdn1 

Extent to which 

long term 

relationship is 

offered to 

suppliers 

0.77 

0.60 0.81 

CMIN/DF=4.11     

GFI= 0.90           

CFI= 0.95     

RMSEA=0.11 

vdn2 
Timely payment 

to suppliers 
0.73 

vdn3 

Avoiding non 

reliable 

suppliers 

0.76 

vdn4 
Vendor rating 

base on cost 
0.75 

vdn5 
Vendor rating 

base on quality 
0.85 

vdn6 

Reliability on 

core supplier 

groups 

0.77 

3.9.10 Employee Involvement 

The seven items were subjected to a measurement model analysis to verify model fit indices 

in this construct. CMIN/DF = 3.17, GFI = 0.89, CFI = 0.94, and RMSEA = 0.02 are the first 

model fit indices. The CMIN/DF index value was found to be less than 3.00. The remaining 

indices' values are similarly within an acceptable range, and all path estimates are more than 

0.70, so no additional model adjustment was done, and all items were kept. The construct's 

composite reliability is examined using variance extracted (VE), path estimates, and an 

inferential analysis. The fact that the complete path estimations were determined to be more 

than 0.5 indicates convergent validity. All of the construct path estimations are greater than 
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0.5. The build has a VE of 0.60 (the value of VE more than 0.5 can be accepted). Similarly, 

construct dependability is a metric for determining how reliable a construct is (CR). This 

construct's CR is 0.83, which is considerably over the appropriate range (acceptable range for 

CR is 0.7). The constructs have significant convergent validity when all measures are 

considered. Table 3.11 shows the final set of measurement items for the construct, VE, CR, 

and model fit indices. The construct's finalized measurement model is depicted in Figure 3.11. 

 
FIGURE 3.11: Measurement model- Employee Involvement 

TABLE 3.11: Model fit indices for Employee Involvement 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

inv1 

The organization 

structure makes it easy to 

implement LSS 

0.79 

0.60 0.83 

CMIN/DF=3.17     

GFI= 0.89 

CFI= 0.94       

RMSEA=0.09 

inv2 

System to make 

suggestions and execute 

changes 

0.80 

inv3 

Members are recognized 

for efforts and 

achievement 

0.87 
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inv4 
Special resourced project 

team for LSS 
0.73 

inv5 

Effective communication 

System among all levels 

of employees 

0.74 

inv6 

Good salary structure and 

career advancement 

scheme 

0.76 

inv7 
Flat organization 

structure 
0.71 

3.9.11 HR Reward System 

The eight items were subjected to a measurement model analysis to evaluate model fit indices 

in this construct. CMIN/DF = 3.86, GFI =0.91, CFI = 0.94, and RMSEA = 0.11 are the initial 

model fit indices. The CMIN/DF index value was determined to be higher than 3.00 but lower 

than the permissible level of 5. The remaining indices' values are similarly within an 

appropriate range, and all path estimations are more than 0.70, so no additional model 

adjustment was done, and all items were kept. The construct's convergent validity is examined 

using variance extracts (VE), path estimates, and a reliability test. The fact that the complete 

path estimations were determined to be more than 0.5 indicates convergent validity. All of the 

construct path estimations are greater than 0.5. The build has a VE of 0.56 (the value of VE 

more than 0.5 can be accepted). Similarly, construct dependability is a metric for determining 

how reliable a construct is (CR). This construct's CR is 0.80, which is significantly over the 

appropriate range (acceptable range for CR is 0.7). The constructs have significant convergent 

validity when all measures are taken into account. Table 3.12 shows the final set of 

measurement items for the construct, VE, CR, and model fit indices. Figure 3.12 depicts the 

construct's final measurement model. 
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FIGURE 3.12: Measurement model- HR Reward System 

TABLE 3.12: Model fit indices for HR Reward System 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

rs1 
Individual member is for 

achievement 
0.75 

0.56 

 

0.80 

 

CMIN/DF=3.86     

GFI= 0.91          

CFI= 0.94     

RMSEA=0.11 

rs2 

Team is 

rewarded/recognized for 

achievement 

0.73 

rs3 

Department is rewarded 

/recognized for 

achievement 

0.78 

rs4 Monetary reward 0.71 

rs5 
Reward in yearly 

increment system 
0.74 

rs6 

Incentive/motivating 

employees for achieving 

zero defect manufacturing 

0.72 

rs7 Incentive/motivating 0.79 
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employees for waste 

elimination 

rs8 

Reorganization of 

performing 

team/individual on notice 

board/newsletter of 

company 

0.77 

3.9.12 Culture Change 

The seven items were subjected to a measurement model analysis to verify model fit indices 

in this construct. CMIN/DF = 3.47, GFI =0.89, CFI = 0.92, and RMSEA = 0.09 are the initial 

model fit indices. The index value for CMIN/DF was discovered to be greater than 3.00 but 

less than 5.00, hence this value is acceptable. The remaining indices' values were determined 

to be within an acceptable range, and all of the path estimations were determined to be above 

0.70, thus no more model modifications were made, and all of the items were kept. The 

construct's convergent validity is examined using variance extracted (VE), path estimates, and 

a reliability test. Convergent validity is demonstrated by the whole path estimates exceeding 

0.5. All of the construct path estimations are greater than 0.5. The build has a VE of 0.56 (the 

value of VE more than 0.5 can be accepted). Similarly, construct dependability is a metric for 

determining how reliable a construct is (CR). This construct's CR is 0.80, which is 

significantly over the acceptable range (acceptable range for CR is 0.7). The constructs have 

significant convergent validity when all measures are taken into account. Table 3.13 shows 

the final set of measurement items for the construct, VE, CR, and model fit indices. Figure 

3.13 depicts the construct's final measurement model. 
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FIGURE 3.13: Measurement model- Culture Change 

TABLE 3.13: Model fit indices for Culture Change 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

cc1 
Change adoption 

culture 
0.74 

0.56 0.80 

CMIN/DF=3.47     

GFI= 0.89            

CFI= 0.92       

RMSEA= 0.09 

cc2 
Cross-function work 

culture 
0.71 

cc3 

Resistance to change 

at operational level of 

organization 

0.79 

cc4 
Good communication 

system 
0.74 

cc5 

Frequent exposure of 

work force to new 

culture 

0.72 

cc6 

Work force includes 

persons from different 

areas/culture 

0.82 
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cc7 

Deputing/training 

professionals at 

companies which have 

successfully 

implemented LSS 

0.71 

3.9.13 Management Commitment 

The six items were subjected to a measurement model analysis to evaluate model fit indices in 

this construct. CMIN/DF = 3.63, GFI =0.94, CFI = 0.96, and RMSEA = 0.08 are the initial 

model fit indices. The index value for CMIN/DF was discovered to be greater than 3.00 but 

less than 5.00, hence this value is acceptable. The remaining indices' values were determined 

to be within an acceptable range, and all of the path estimations were determined to be above 

0.70, thus no more model modifications were made, and all of the items were kept. 

The construct's convergent validity is examined using variance extracted (VE), path 

estimations, and a reliability test. Convergent validity is demonstrated by the whole path 

estimates exceeding 0.5. All of the construct path estimations are greater than 0.5. The build 

has a VE of 0.57 (the value of VE more than 0.5 can be accepted). Similarly, construct 

dependability is a metric for determining how reliable a construct is (CR). This construct's CR 

is 0.81, which is far over the acceptable range (acceptable range for CR is 0.7). The constructs 

have significant convergent validity when all measures are taken into account. Table 3.14 

shows the final set of measurement items for the construct, VE, CR, and model fit indices. 

Figure3.14 depicts the construct's final measurement model. 
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FIGURE 3.14: Measurement model- Management Commitment 

TABLE 3.14: Model fit indices for Management Commitment 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

mc1 

Active Interaction of top 

management with all 

levels of employees 

0.72 

0.57 0.81 

CMIN/DF=3.63     

GFI= 0.94        

CFI= 0.96     

RMSEA=0.08 

mc2 

Timely resource 

approval/other approval 

by top management 

0.87 

mc3 
Financial support by top 

management 
0.73 

mc4 

Commitment of top 

management is justified 

by its action 

0.70 

mc5 
Mgmt. commitment 

towards employing 
0.76 
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advance technology like 

IOT to achieve waste 

elimination and zero-

defect manufacturing 

mc6 
Easy Approach to top 

Mgmt. 
0.75 

3.9.14 LSS Training 

The six items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 4.21, GFI = 0.92, CFI = 0.95, and RMSEA = 0.09 are the initial 

model fit indices. CMIN/indices DF's value was discovered to be less than 3, hence this value 

can be accepted. The remaining indices' values were determined to be within an acceptable 

range, and all of the path estimations were determined to be above 0.70, thus no more model 

modifications were made, and all of the items were kept. The construct's convergent validity 

is examined using variance extracted (VE), path estimations, and the reliability test. 

Convergent validity is demonstrated by the whole path estimates exceeding 0.5. All of the 

construct path estimations are greater than 0.5. The build has a VE of 0.58. (the value of VE 

more than 0.5 can be accepted). Similarly, construct dependability is a metric for determining 

how reliable a construct is (CR). This construct's CR is 0.82, which is far over the appropriate 

range (acceptable range for CR is 0.7). The constructs have significant convergent validity 

when all measures are taken into consideration. Table 3.15 shows the final set of 

measurement items for the construct, VE, CR, and model fit indices. Figure 3.15 depicts the 

construct's final measurement model. 
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FIGURE 3.15: Measurement model- LSS Training 

TABLE 3.15: Model fit indices for LSS Training 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

lss1 
Extent to which LSS training 

programmes are organized 
0.75 

0.58 0.82 

CMIN/DF=4.21     

GFI0.92            

CFI= 0.95       

RMSEA= 0.09 

lss2 
Effectiveness of LSS training 

programmes 
0.82 

lss3 

Feedback system for training 

for continuous improvement 

of training 

0.74 

lss4 
Identification of personnel to 

be trained 
0.76 

lss5 
Transferring of knowledge 

gained in training 
0.74 

lss6 
Learning culture is well 

developed 
0.76 
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3.9.15 Business Strategy 

The six items were subjected to a measurement model analysis to verify model fit indices in 

this construct. CMIN/DF = 3.98, GFI =0.96, CFI = 0.94, and RMSEA = 0.07 are the initial 

model fit indices. The CMIN/DF index value was determined to be higher than 3, but at an 

acceptable level of 5, therefore this number can be accepted. The remaining indices' values 

were determined to be within an acceptable range, and all of the path estimations were 

determined to be above 0.70, thus no more model modifications were made, and all of the 

items were kept. The construct's convergent validity is examined using variance extracted 

(VE), path estimations, and a reliability analysis. Convergent validity is demonstrated by the 

whole path estimates exceeding 0.5. All of the construct path estimations are greater than 0.5. 

The build has a VE of 0.61. (The value of VE more than 0.5 can be accepted). Similarly, 

construct dependability is a metric for determining how reliable a construct is (CR). This 

construct's CR is 0.84, which is significantly over the appropriate range (acceptable range for 

CR is 0.7). The constructs have significant convergent validity when all measures are taken 

into account. Table 3.16 shows the final set of measurement items for the construct, VE, CR, 

and model fit indices. Figure 3.16 depicts the construct's final measurement model. 

 
FIGURE3.16: Measurement model- Business Strategy 
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TABLE 3.16: Model fit indices for Business Strategy 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

bs1 

Well defined and realistic 

vision, mission, plan 

statement, supported by 

mgmt. 

0.91 

0.61 0.84 

CMIN/DF=3.98     

GFI= 0.96            

CFI= 0.94       

RMSEA= 0.07 

bs2 

Clarify and understanding of 

goals and objective among all 

staff 

0.81 

bs3 

Delegation of responsibility 

and authority at various level 

of organization 

0.78 

bs4 Long term employment 0.70 

bs5 

Feedback and review system 

for achievement of goals and 

objectives 

0.71 

bs6 
Inter departmental audit 

system 
0.77 

3.9.16 Project Prioritization 

The six items were subjected to a measurement model analysis to evaluate model fit indices in 

this construct. CMIN/DF = 3.82, GFI =0.93, CFI = 0.95, and RMSEA = 0.08 are the initial 

model fit indices. The CMIN/DF index value was determined to be higher than 3, but at an 

acceptable level of 5, therefore this number can be accepted. The remaining indices' values 

were determined to be within an acceptable range, and all of the path estimations were 

determined to be above 0.70, thus no more model modifications were made, and all of the 

items were kept. The construct's convergent validity is examined using variance extracted 

(VE), path estimations, and the inferential analysis. Convergent validity is demonstrated by 

the whole path estimates exceeding 0.5. All of the construct path estimations are greater than 



103 
 

0.5. The build has a VE of 0.57. (The value of VE more than 0.5 can be accepted). Similarly, 

construct dependability is a metric for determining how reliable a construct is (CR). This 

construct's CR is 0.8, which is significantly over the appropriate range (acceptable range for 

CR is 0.7). The constructs have significant convergent validity when all measures are taken 

into account. Table 3.17 shows the final set of measurement items for the construct, VE, CR, 

and model fit indices. Figure 3.17 depicts the construct's final measurement model. 

 
FIGURE 3.17: Measurement model- Project Prioritization 

TABLE 3.17: Model fit indices for Project Prioritization 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

pp1 

Project prioritization based 

on financial 

constrain/resource 

constrain 

0.71 

0.57 0.8 

CMIN/DF=3.82     

GFI= 0.93            

CFI= 0.95       

RMSEA= 0.08 
pp2 

Project prioritization based 

on waste elimination 
0.78 



104 
 

pp3 
Project prioritization based 

on quality improvement 
0.75 

pp4 

Project prioritization based 

on chances of success for 

particular LSS 

project(successful 

potential) 

0.73 

pp5 

Project prioritization based 

on productivity 

enhancement 

0.72 

pp6 

Project prioritization based 

on improving overall 

equipment availability 

0.83 

3.9.17 Out-sourcing 

The five items were subjected to a measurement model analysis to evaluate model fit indices 

in this construct. CMIN/DF = 3.63, GFI =0.91, CFI = 0.98, and RMSEA = 0.12 are the first 

model fit indices. The CMIN/DF index value was determined to be higher than 3, but at an 

acceptable level of 5, therefore this number can be accepted. The remaining indices' values 

were determined to be within an acceptable range, and all of the path estimations were 

determined to be above 0.70, thus no more model modifications were made, and all of the 

items were kept. The construct's convergent validity is examined using variance extracted 

(VE), path estimations, and an inferential analysis. Convergent validity is demonstrated by the 

whole path estimates exceeding 0.5. All of the construct path estimations are greater than 0.5. 

The build has a VE of 0.64. (The value of VE more than 0.5 can be accepted). Similarly, 

construct dependability is a metric for determining how reliable a construct is (CR). This 

construct's CR is 0.85, which is significantly over the appropriate range (acceptable range for 

CR is 0.7). The constructs have significant convergent validity when all measures are taken 

into account. Table 3.18 shows the final set of measurement items for the construct, VE, CR, 

and model fit indices. Figure 3.18 depicts the construct's final measurement model. 
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FIGURE 3.18: Measurement model- Outsourcing 

TABLE 3.18: Model fit indices for Outsourcing 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

os1 
Outsourcing of complete 

implementation 
0.81 

0.64 0.85 

CMIN/DF=3.63     

GFI= 0.91            

CFI= 0.98       

RMSEA= 0.12 

os2 
Outsourcing of complete 

tasks(training etc.) 
0.90 

os3 

Hiring consulting 

services related to LSS 

implementation 

0.79 

os4 
Learning from other 

organizations 
0.70 

os5 
Providing budget for 

outsourcing 
0.79 
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3.9.18 Organizational Infrastructure 

The five items were subjected to a measurement model analysis to evaluate model fit indices 

in this construct. CMIN/DF = 3.89, GFI =0.93, CFI = 0.91, and RMSEA = 0.09 are the initial 

model fit indices. The CMIN/DF index value was determined to be higher than 3, but at an 

acceptable level of 5, therefore this number can be accepted. The remaining indices' values 

were determined to be within an acceptable range, and all of the path estimations were 

determined to be above 0.70, thus no more model modifications were made, and all of the 

items were kept. Variance extracted (VE), Path estimations, and the Reliability test are used to 

assess the construct's convergent validity. Convergent validity is demonstrated by the whole 

path estimates exceeding 0.5. All of the construct path estimations are greater than 0.5. The 

build has a VE of 0.62. (The value of VE more than 0.5 can be accepted). Similarly, construct 

dependability is a metric for determining how reliable a construct is (CR). This construct's CR 

is 0.84, which is considerably over the appropriate range (acceptable range for CR is 0.7). The 

constructs have significant convergent validity when all measures are taken into account. 

Table 3.19 shows the final set of measurement items for the construct, VE, CR, and model fit 

indices. Figure 3.19 depicts the construct's final measurement model. 

 

FIGURE 3.19: Measurement model Organizational Infrastructure 
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TABLE 3.19: Model fit indices for Organizational Infrastructure 

Factor Item Description 
Path 

Estimates 

Variance 

Extracted 

Construct 

Reliability 
Fit Indices 

oi1 
Physical 

Infrastructure 
0.81 

0.62 0.84 

CMIN/DF=3.89     

GFI= 0.93            

CFI= 0.91       

RMSEA= 0.09 

oi2 

Production 

Machinery Builds 

and roads 

0.85 

oi3 

IT 

network/computing 

facilities 

0.76 

oi4 
Communication 

Network 
0.74 

oi5 
Infrastructure 

related utilities 
0.77 

3.10 Model Development for Lean Six Sigma Practices 

3.10.1 Survey based Large-scale Structure Instrument Evaluation Methodologies 

The assessment is an essential tool for testing the steps of the analysis model. CFA 

(confirmatory factor analysis) is developed for valuation models with AMOS tools, 

accompanied by a structural model that demonstrates the relationships between hypotheses. 

The first decision was made to evaluate the estimation model and then the structural model to 

eliminate interactions between the analysis and the structural model (Gerbing and Anderson, 

1988). 
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3.10.2 Confirmatory Factor Analysis: Performance Outcome Factors 

The Model under Study: 

 The performance measurement factor model has 6 parameters, as the ellipses 

suggest. 

 The variables observed as seen in figure 3.20. 

 Load of variables observed on the factors indicated in the pattern. 

 Each variable load was observed with one and only one component. 

 Calculation errors related to each attribute found are shown in figure 3.20. 

 

FIGURE 3.20: CFA Model for Performance Outcomes with Co-Variance 
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TABLE 3.20: Model fit summary for Performance Outcomes 

1. Absolute fitness measures 

Examination/Test Recommend Value Model understudy 

χ2 p>0.50 P=0.000 

CMIN/DF <5.0 2.939 

RMSEA <0.100 0.09 

2. Relative fitness measures 

Examination/Test Recommend Value Model understudy 

CFI >0.90 0.969 

NFI >0.90 0.988 

RFI >0.90 0.976 

IFI >0.90 0.984 

3. Parsimonious fitness measures 

Examination/Test Recommend Value Model understudy 

PCFI  >0.500 0.729 

PNFI >0.500 0.665 

3.10.3 Confirmatory Factor Analysis: Critical success factors 

The Model under Study: 

 As the ellipses show, the crucial output model has 11 variables. 

 As seen in the 58 rectangles, 58 variables are observed. 

 The variables observed load on the given pattern influences. 

 On only one factor, each variable load was observed. 

 Figure 3.21 also shows the measurement errors associated with each attribute. 
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FIGURE 3.21: CFA Model for critical success factors with Co-Variance 
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TABLE 3.21: Model fit summary for critical success 

1. Absolute fitness measures 

Examination/Test Recommend Value Model understudy 

χ2 p>0.50 P=0.000 

CMIN/DF <5.0 2.626 

RMSEA <0.100 0.088 

2. Relative fitness measures 

Examination/Test Recommend Value Model understudy 

CFI >0.949 0.990 

NFI >0.999 0.983 

RFI >0.998 0.926 

IFI >0.999 0.911 

3. Parsimonious fitness measures 

Examination/Test Recommend Value Model understudy 

PCFI  >0.500 0.532 

PNFI >0.500 0.635 

3.10.4 Final structure equation model 

The Model under Study:  

 As the ellipses show, the Lean Six Sigma Industrial Practices model has 18 factors. 

 As seen in the 84 rectangles, 84 variables are observed. 

 The observed variables load the factors in the given pattern: 

 Just one factor each variable load observed. 

 Figure 1 also displays measurement errors associated to each variable observed. 

 Describe the impact of lean six sigma on performance. 
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TABLE 3.22: Model fit summary for final structure 

1. Absolute fitness measures 

Examination/Test Recommend Value Model understudy 

χ2 p>0.50 P=0.000 

CMIN/DF <5.0 2.609 

RMSEA <0.100 0.088 

2. Relative fitness measures 

Examination/Test Recommend Value Model understudy 

CFI >0.949 0.967 

NFI >0.999 0.963 

RFI >0.999 0.916 

IFI >0.999 0.980 

3. Parsimonious fitness measures 

Examination/Test Recommend Value Model understudy 

PCFI  >0.500 0.635 

PNFI >0.500 0.538 

The final lean six sigma efficiency model was validated using structural equation simulation. 

SEM was used to test the hypotheses based on the proposed model. The evaluation model 

shows adequate fitness. Estimates of the route were highly loaded on each building. The 

authenticity of the building was also used in the same manner. Fitness was also monitored for 

the structural model and the conclusion was achieved based on the path estimates. The chi-

square and t-test is pursued to test out the importance of skills and experience. 
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FIGURE 3.22: Structural Equation Modeling for Lean Six Sigma Manufacturing Practice
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TABLE 3.23: Hypothesis testing table 

Dependent factor Independent factor Estimate S.E. C.R. P Label 

Quality  
Management 

commitment 
-.140 .083 -1.678 .093 

 

Quality  Culture change .100 .035 2.880 *** Supported 

Quality  Lss -.063 .027 -2.308 *** Supported 

Quality  Project prioritization .008 .025 .323 .746 
 

Quality  
Organization 

Infrastructure 
.018 .041 .439 .661 

 

Quality  
Performance 

assessment 
.036 .071 .514 .607 

 

Quality  Customer focus .201 .067 2.986 *** Supported 

Quality  
LSS linking to 

business 

Strategy 

-.004 .035 -.114 .909 
 

Quality  Outsourcing .061 .030 2.045 .041 
 

Quality  HR Rewards -.085 .036 -2.355 *** Supported 

Quality  
Employee 

involvement 
.008 .072 .107 .915 

 

Cost  
Management 

commitment 
-.301 .097 -3.099 *** Supported 

Cost  LSS .059 .027 2.183 .029 
 

Cost  Project prioritization -.111 .030 -3.731 *** Supported 

Cost  Organization -.034 .040 -.861 .389 
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Dependent factor Independent factor Estimate S.E. C.R. P Label 

Infrastructure 

Cost < 
Performance 

assessment 
.225 .079 2.856 *** Supported 

Cost < Customer focus .283 .080 3.522 *** Supported 

Cost < HR Rewards .028 .034 .824 .410 
 

Cost < 
Employee 

involvement 
.092 .071 1.296 .195 

 

Cost < Outsourcing -.016 .028 -.570 .569 
 

Cost < 
LSS liking to business 

strategy 
-.073 .036 -2.036 .042 

 

Cost < Culture change .051 .033 1.549 .121 
 

Productivity < Culture change .047 .027 1.755 .079 
 

Productivity < 
Management 

commitment 
-.617 .125 -4.920 *** Supported 

Productivity < LSS .039 .022 1.828 .068 
 

Productivity < Project prioritization .029 .020 1.416 .157 
 

Productivity < 
Organization 

Infrastructure 
.132 .038 3.452 *** Supported 

Productivity < 
Performance 

assessment 
.246 .068 3.625 *** Supported 

Productivity < Customer focus .119 .052 2.269 *** Supported 

Productivity < Employee .137 .062 2.212 *** Supported 
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Dependent factor Independent factor Estimate S.E. C.R. P Label 

involvement 

Productivity < HR Rewards .041 .028 1.451 .147 
 

Productivity < Outsourcing .021 .023 .917 .359 
 

Productivity < 

LSS linking to 

business 

Strategy 

-.018 .028 -.643 .520 
 

Customer 

satisfaction 
< 

Management 

commitment 
-.057 .041 -1.384 *** Supported 

Customer 

satisfaction 
< LSS .010 .008 1.166 .244 

 

Customer 

satisfaction 
< Project prioritization -.008 .008 -1.119 .263 

 

Customer 

satisfaction 
< 

Organization 

Infrastructure 
.021 .016 1.306 .191 

 

Customer 

satisfaction 
< 

Performance 

assessment 
.012 .016 .745 .456 

 

Customer 

satisfaction 
< Customer focus .047 .033 1.399 *** Supported 

Customer 

satisfaction 
< 

Employee 

involvement 
.067 .047 1.422 .155 

 

Customer 

satisfaction 
< HR Rewards -.009 .009 -.950 .342 

 

Customer 

satisfaction 
< Outsourcing .007 .007 .932 .352 
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Dependent factor Independent factor Estimate S.E. C.R. P Label 

Customer 

satisfaction 
< 

LSS linking to 

business 

Strategy 

-.013 .011 -1.183 .237 
 

Customer 

satisfaction 
< Culture change .023 .017 1.396 .163 

 

Flexibility < HR Rewards .051 .040 1.274 .203 
 

Flexibility < 
Employee 

involvement 
.226 .091 2.496 *** Supported 

Flexibility < Customer focus .265 .081 3.266 *** Supported 

Flexibility < 
Performance 

assessment 
.270 .089 3.042 *** Supported 

Flexibility < 
Organization 

Infrastructure 
-.078 .048 -1.639 .101 

 

Flexibility < Project prioritization .010 .029 .351 .726 
 

Flexibility < LSS -.044 .031 -1.427 .154 
 

Flexibility < 
Management 

commitment 
-.195 .097 -2.014 .044 

 

Flexibility < Culture change .153 .042 3.671 *** Supported 

Flexibility < 

LSS linking to 

business 

Strategy 

.007 .040 .179 .858 
 

Flexibility < Outsourcing .037 .033 1.101 .271 
 

Financial < Employee .136 .082 1.652 .099 
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Dependent factor Independent factor Estimate S.E. C.R. P Label 

performance Involvement 

Financial 

performance 
< HR Rewards .088 .040 2.217 .027 

 

Financial 

performance 
< Outsourcing -.024 .032 -.745 .456 

 

Financial 

performance 
< 

LSS linking to 

business 

Strategy 

-.043 .039 -1.093 .274 
 

Financial 

performance 
< Culture change -.062 .037 -1.672 .095 

 

Financial 

performance 
< 

Management 

commitment 
-.918 .177 -5.757 *** Supported 

Financial 

performance 
< LSS .015 .030 .493 .622 

 

Financial 

performance 
< Project prioritization -.026 .028 -.919 .358 

 

Financial 

performance 
< 

Organization 

Infrastructure 
-.176 .050 -3.509 *** Supported 

Financial 

performance 
< 

Performance 

assessment 
.068 .079 .860 .390 

 

Financial 

performance 
< Customer focus .339 .085 4.012 *** Supported 

*** Supported, < Dependency 

Hypothesis testing was carried out based on model and data created for model the path 

estimate, standard error, construct reliability and P value were obtained using SPSS 
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AMOS standard procedure, The criteria ‘P < 0.025’ is used for accepting a hypothesis. For 

example, item 2 (Table 3.23) P Value is less than 0.025, It indicates that there is strong 

relation between independent factor (vulture change) and dependent factor (quality)  

 

3.11Model Validation Artificial Neural Network (ANN) 

3.11.1 Neural Network 

SPSS Amos 26 Clementine Manual defines an Artificial Neural Network (ANN) as "a 

simplified depiction of how neural networks interpret information in the human brain." 

Many interconnected fundamental processing units (which are abstract representations of 

neurons) are used to make it work. The processing power is distributed across multiple 

layers. One or more hidden layers, an output layer, and a unit (or units) representing the 

output field typically make up a neural network's three primary layers (s). There are 

numerous ways to link the components together (or weights). Values are passed from one 

neuron to another in each succeeding layer, which gets input data from the first layer. 

Finally, the output layer returns a value for the experiment. Individual records are studied, 

projections are made for each one and weights are adjusted when the forecast is incorrect. 

Network predictions continue to improve until one or more of the halting criteria are met. 

Weights are first chosen at random, therefore the results are virtually definitely of no use. 

Through education, the network expands its knowledge base. There are numerous 

examples of outputs that can be predicted, and the responses of the network are checked 

against those predictions. Using the results of this comparison, the weights in the network 

are gradually changed as a result. The network gets better and better at re-creating known 

outcomes with more practice. When the network is trained, it can be used to predict the 

outcome of future cases. Fig 3.23 represents ANN model for LSS practices. 12 CSFs are 

fed as inputs and 6 expected outcomes are. Retrieved as outputs. There is only. 1 hidden 

layer with 6 neurons. Weight matrix A between input and hidden layer is 12x6 matrix. 

Weight matrix B 'between hidden and output is 6X6 matrix, the matrix C = AB, which is 

12x6 matrix, indicates weight between input and output- layers. It determines strength of 

relation between input and output. Value of A, B, C is calculated by ANN module in SPSS 

clementine. Synaptic weight >0, Indicates strong relation and Synaptic weight<0, 

Indicates weak relation. 
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FIGURE3.23: ANN Model for Lean Six Sigma Manufacturing Practices 
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Mathematical models that simulate the human brain's ability to adapt to new information 

are called neural networks (NNW). Non-linear optimization can be achieved with NNW. 

NNW is described in the literature in a variety of ways. An NNW architecture known as a 

multilayer perceptron (MLP) has been widely used in practice for categorization. An input 

layer, a hidden layer, and an output layer are only a few of the layers that comprise the 

network's many neurons. All neurons in a given layer receive a single output value, which 

they use to evaluate their inputs and convey to the next layer. A prediction (or 

characteristic) from the vector x is output by each input layer neuron (indexed by I = 1... 

n). To distinguish between the default and non-default states, a single output neuron 

suffices. The next layers enable signal transmission. For starters, a weighted total of inputs 

are computed for each neuron, which takes into account the output value of each neuron in 

the preceding network layer, multiplied by the weight of the connection with that neurite 

optimization ion is broken down into two distinct stages. To begin, the weights must be 

initialized, and then a nonlinear optimization method must be implemented. First, the 

weights are typically set to a small random value. NNW learning or training is a term used 

to describe the second stage of education. Back-propagation is the most often used 

approach for training multilayer perceptron. For example, the error from the output layer is 

re-propagated across the network, and weights are changed based on their contribution. As 

a local gradient search, back-propagation is easy to construct but doesn't guarantee a 

global minimum; this is why the algorithm is called "back-propagation." The output layer 

error is minimized by customizing weights for each individual. One of the three layers of 

the BP network used in this example is a hidden intermediary one. BP-based credit scoring 

is depicted in Figure 3.23 in detail. Applicants' traits are represented by input nodes, while 

class characteristics are represented by output nodes (say 1 for rejected and 2 for 

accepted). There are three steps involved in the BP learning process: sending the input 

patterns to be trained, computing any resulting errors, and modifying the weights. After a 

sufficient level of performance is achieved, the network begins to recognize the 

relationships between independent factors (qualities of the applicants) and dependent 

variables (credit class). When the qualities of the application are included, the trained BP 

network may then be used to classify the credit as either good or poor. 

 

The analysis in Table 3.24 & Table 3.25 determines the value and normalized importance 

of each predictor in determining the neural network. The analysis is conducted using 

samples from both the training and testing phases. The significance of an independent 
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variable is defined as the amount by which the network's model-predicted value changes 

as a function of the independent variable value. Additionally, normalized importance is 

just the sum of the importance values divided by the sum of the largest importance values 

presented as a percentage. 

TABLE 3.24: Training Error 

Training Error 

Cost Aspect 0.016 

Quality Aspect 0.023 

Productivity Aspect 0.025 

Customer Satisfaction 0.036 

Financial Performance 0.039 

Flexibility Aspect 0.066 

OVERALL 0.0342 

TABLE 3.25: Testing Error 

Testing Error 

Cost Aspect 0.021 

Quality Aspect 0.027 

Productivity Aspect 0.034 

Customer Satisfaction 0.045 

Financial Performance 0.044 

Flexibility Aspect 0.077 

OVERALL 0.0413 
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FIGURE3.24: Predicted values vs. observed values for Financial Performance 

(Independent variable) 

As shown in Figure 3.24, the predicted values for financial performance are plotted against 

the observed values for a sample obtained for the ANN model, and the observed values 

indicate that the anticipated values are approaching the observed values. Given that the 

graph follows a straight line, the predicted model by the ANN is a tight-fit regression 

model. 

 
FIGURE 3.25: Predicted values vs. observed values for Customer Satisfaction 

(Independent variable) 



124 
 

As shown in Figure 3.25, the predicted values for customer satisfaction are plotted against 

the observed values for a sample obtained for the ANN model, and the observed values 

indicate that the anticipated values are approaching the observed values. Given that the 

graph follows a straight line, the predicted model by the ANN is a tight-fit regression 

model. 

 
FIGURE 3.26: Predicted values vs. observed values for Flexibility 

(Independent variable) 

As shown in Figure 3.26, the predicted values for flexibility are plotted against the 

observed values for a sample obtained for the ANN model, and the observed values 

indicate that the anticipated values are approaching the observed values. Given that the 

graph follows a straight line, the predicted model by the ANN is a tight-fit regression 

model. 
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FIGURE 3.27: Predicted values Vs observed values for Cost 

(Independent variable) 

As shown in Figure 3.27, the predicted values for cost are plotted against the observed 

values for a sample obtained for the ANN model, and the observed values indicate that the 

anticipated values are approaching the observed values. Given that the graph follows a 

straight line, the predicted model by the ANN is a tight-fit regression model. 

 
FIGURE 3.28: Predicted values vs observed values for Productivity 

(Independent variable) 
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As shown in Figure 3.28, the predicted values for productivity are plotted against the 

observed values for a sample obtained for the ANN model, and the observed values 

indicate that the anticipated values are approaching the observed values. Given that the 

graph follows a straight line, the predicted model by the ANN is a tight-fit regression 

model. 

 

FIGURE 3.29: Predicted values Vs observed values for Quality 

(Independent variable) 

As shown in Figure 3.29, the predicted values for quality are plotted against the observed 

values for a sample obtained for the ANN model, and the observed values indicate that the 

anticipated values are approaching the observed values. Given that the graph follows a 

straight line, the predicted model by the ANN is a tight-fit regression model. 
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3.12 Comparison of SEM & ANN Outcome 

TABLE 3.26: Comparison of SEM & ANN Outcome 

Sr. 

NO 
Hypothesis 

SEM 

Output 

ANN 

Output 

1 Culture Change -Quality Strong Strong 

2 LSS Training -Quality Strong Strong 

3 Customer Focus-Quality Strong Strong 

4 HR Rewards -Quality Strong Weak  

5 Management Commitment -Cost Strong Strong 

6 Project Prioritization -Cost Strong Strong 

7 Performance Assessment -Cost Strong Strong 

8 Customer Focus-Cost Strong Strong 

9 Management Commitment -Productivity Strong Strong 

10 Organization Infrastructure-Productivity Strong Weak 

11 Performance Assessment -Productivity Strong Strong 

12  Customer Focus-Productivity Strong Strong 

13 Employee involvement -Quality Strong Weak  

14 
Management Commitment -Customer 

Satisfaction 
Strong Strong 

15 Performance Assessment -Customer Satisfaction Strong Strong 

16 Employee Involvement -Flexibility Strong Weak  

17 Customer Focus-Flexibility Strong Strong 

18 Performance Assessment -Flexibility Strong Strong 

19 Culture Change-Flexibility Strong Strong 

20 
Management Commitment -Financial 

Performance 
Strong Strong 

21 
Organization Infrastructure-Financial 

Performance 
Strong Strong 

22  Customer Focus-Financial Performance Strong Strong 

- Dependency 
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3.13 Chapter Summary 

The chapter describes in detail about the questionnaire design and experts' suggestions 

for implementation Total 18 measurement models for Critical success factors and 

performance outcome factors are discussed in detail. CFA models for performance 

outcome and critical Success factors reflects relationship between different sub factors. 

At the end of chapter SEM and hypothesis table based on SEM are described.  
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CHAPTER-4  

Implementation of LSS Tools 

For implementation of LSS tools, Case company criteria was decided: 1) Turnover < 50 

crore,2) Total work force <100, 3) First generation Owner/management, 4) Position in 

automotive parts manufacturing clusters inside Gujarat. Two SMEs engaged in production 

of automotive components were identified for implementation of selected tools of LSS. In 

a small or medium scale company, sometimes it is difficult to find time and people to 

implement change method. A LSS coach was appointed who was having 15+ years of 

experience in LSS implementation, and was reporting to owner of company / general 

manager.  

 

The functions of lean coach were: 

(1) Identifying and appointing team members for LSS implementation. 

(2) Designing and executing training Programs for all levels of employees / workers. 

(3) Teaching LSS tools, concepts and importance. 

(4) Guiding the development and executionof LSS operating system (Principles, 

standardized works, Kaizen, 5S, supermarkets etc...) 

(5) Developing and sustaininglearning atmosphere  

(6) Promoting lean transformation 

(7) Implementing review, feedback and correction system for LSS implementation 

 

4.1 LSS Team 

LSS concepts are best learned as a team. A team representing all important functions and 

departments was formed. It was decided to meet twice in a month, The main objective of 

team was to learn and understand about suitable LSS tools for quality and cost 

effectiveness. 
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4.1.1 Team 

(1) LSS coach 

(2) Q.C.Manager 

(3) Production incharge 

(4) Assembly shop incharge 

(5) Store and procurement manager 

(6) Maintenance Engineer  

(7) Head of Sales and marketing department 

4.1.2 Training 

Two levels of training programmers were arranged. 

Senior position staff:  

Training about importance of LSS implementation, management and commercial aspects. 

LSS team training:  

Team training was conducted by coach and senior staffs, important case studies about LSS 

tools implementation were incorporated in training.It was discussed why thechange is 

needed and what will be new culture. 

Waste walk was arranged to identify waste at different work stations.  

TABLE 4.1: Waste walk task 

Concern person Action Waste to be identified 

Store manager Estimations of available time for raw 

material stored in storage place. 

Extra inventory 

Plant manager Observe and estimate how many workers 

are idle and for how much time  

Waiting 

Warehouse in- 

charge 

Count the number of final product in 

warehouse. 

Over production 

Q. C. Manager - Causes of defects and rework. 

- Is customer satisfaction is achieved? 

Defects 
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- Consider cost of inspection 

P.P.C. Manager - Focus on material movement and 

identify the movements which can be 

eliminated 

- Average distance moved.  

- Number of times a material / 

component is moved  

Over transportation  

Stores Manager - Locations where we can process / 

dispose hazardous objects, 

cardboards  and other waste  

Environment  

P.P.C. Manager - Identify excessive motion of people and 

equipment  

i.e., walking to get tools / parts. 

60 walking steps = 1 minute   

Extra motion 

Production 

manager 

- Estimate quantity of work in 

progress, items found between two 

processes. 

Over production 

 

4.2 Case Study-1 

4.2.1 Company (ABC) Details 

ABC is a small scale manufacturing unit founded in 2014 in Rajkot. The owner of 

company is Diploma in Mechanical engineering. The company is facing challenges in 

business because of competition and recession. The company shown interest to adopt 

some change methods for improvement. After series of meeting with company 

management it was decided to implement appropriate LSS tools for various operations. 

4.2.2 Product Category ABC Company 

• Automotive components (shafts, clutch/ brake parts, gearbox/differential parts 

etc...) 

• Earth moving components 
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• Valve and valve components 

• General engineering components 

4.2.3 Turn Over 

• The average turnover for last 5 years is 8.2 crores. /year 

4.2.4Machinery, Tooling & Equipment 

TABLE 4.2: Machinery and tooling 

Machinery Tooling 

Conventional lathe machines - 06 nos. Rough boring 

Finish boring head 

Various types of taps 

High performance. U Drill 

Special tooling 

Tool pre setter 

Conventional Drill machines  04 nos. 

Dynamic tapping machines  02 nos. 

Hydraulic power press 01 nos. 

External Grinder (Dia. ~200, 

length - 200) 

01 nos. 

Belt grinder/ tool grinder/  - 

Slotting machine 01 nos.  

Dynamic balancing machine 01 nos.  

VMC640 X 640 - Y530-Z610- 

(20 tool ATC) 

02 nos. 

CNC turning CentreDia. 350 / 

length 450 

01 nos. 

 

TABLE 4.3: Fixtures and quality assurance 

Fixturing Quality assurance 

Rotary tables 

various types of Job holding devices 

Spanner less fixtures 

Hardened and ground 

advanced fixtures 

 

Bore gauge 

Air gauge 

Roughness tester 

Digital height gauge 

Granite surface plate 

Micrometers 
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Depth micrometers 

Vernier Calipers 

Depth micro meters 

Inside and outside Calipers 

Master ring gauges 

4.2.5 Implementation of important LSS tools in company ABC 

1) Implementation of 5S 

Standard operating procedure was designed for 5S implementation 

I. Sort: Identify the non-used items and get rid of them. Mark those items with red 

tag which are rarely used. 

 Remove non-used material anditems from work area and place them in 

separate area. 

 Back up tools are to be stored at some distant placeso they get limited 

access 

 Eliminate individual tool box foreach technician. Each work station should 

have one tool box. 

II. Straighten 

 A place for everything, and everything in it's place 

 Decide specific locations forall the items. 

 Use foam cutout or other means to arrange the tools. 

 Tools should be within reach of operator (should be placed in front 

of operator or tool balancer near work area.) 

III. Shine 

 Clean work area, tools and machines  

 At the end of shift all operators should clean up the work area. 

IV. Standardize 

 Establish a procedure to maintain the first 3 steps. 

V. Sustain 

 Establish a weekly, monthly system for audit. 

 Allocate responsibility to worker, operator, supervisor. 
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FIGURE 4.1: Photos of Implementation of 5S at ABC Company 

2) Implementation of Kaizen 

Meaning of Kaizen is 'improvement’ in Japanese language. It is improvement activity 

which focuses on small, continues improvements.The basis of Kaizen philosophy is 

‘’small and continuous improvements leads togreat results" Point Kaizen events were 

introduced for improvement in the selected industryIn point kaizen when a source of error 

or variation is identified, immediate measure are suggested and executed. A Kaizen event 

form is prepared which reflects the problem, suggested action, concerned person and 

implementation status. 
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The objective of kaizen is to produce large impact with small improvement at the same 

time avoiding overly hard work (mari). It also trains people to learn to identify waste and 

source of detects and to develop experimental approach in their work. Successful 

implementation of Kaizen requires people of all level should participate in kaizen. 

TABLE4.4: Implementation of Kaizen at ABC Company 

Sr. 

No. 

Problem 

to be 

addressed 

Kaizen 

(Improvement) 

Action 

Concern 

Person 

1 
w

ee
k 

2 
w

ee
k 

3 
w

ee
k 

4 
w

ee
k 

5 
w

ee
k 

6 
w

ee
k 

Yes 

= 1 

Yes 

= 1 

Yes 

= 1 

Yes 

= 1 

Yes 

= 1 

Yes 

= 1 

No 

= 0 

No 

= 0 

No 

= 0 

No 

= 0 

No 

= 0 

No 

= 0 

1 

 

 

Top cover 
of gear 
box not in 
BOM 

Write store 
manager to 
move cover to 
assembly shop 

St
or

e 
m

an
ag

er
 

1 1 1 1 1 1 

2 
2 carts not 
working 
properly 

Wheels are to 
be replaced 

M
ai

nt
en

an
ce

 
en

gi
ne

er
 

0 0 1 1 1 1 

3 

Coolant 
fluid 
topped up 
instead of 
lubricating 
oil in 
machine 
no. 08 

Color coding all 
oils and coolant 
containers 

St
or

e 
su

pe
rv

is
or

 

0 1 1 1 1 1 

4 

Operator 
instruction
s missing 
on 
machine 
no. 06 

Provide 
instruction chart 
on machine 

Pr
od

uc
tio

n 
su

pe
rv

is
or

 

0 0 1 1 1 1 
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5 

Poor 
lighting 
over 
machine 
no. 09 

Install down 
light with 
1000/Lm. rating E

le
ct

ri
ca

l 
su

pe
rv

is
or

 

0 1 1 1 1 1 

6 

2 nos. of 
vice are 
not 
working 
o.k. 

Replace 
gripping 
fasteners 

M
ai

nt
en

an
ce

 
en

gi
ne

er
 

0 0 0 0 1 1 

7 

Coolant 
splashes 
out of 
guard in 
machine 
no. 02 

Splash guard 
seal is to be 
replaced 

M
ai

nt
en

an
ce

 
en

gi
ne

er
 

0 0 1 1 1 1 

8 

Electric 
sparks 
observed 
in ELCB 

ELCB 
protection cover 
is to be replaced 

M
ai

nt
en

an
ce

 
en

gi
ne

er
 

1 1 1 1 1 1 

9 

Tools 
shortage 
in 
assemble 
shop 

Provide 1 more 
set of Allen key 

St
or

e 
su

pe
rv

is
or

 

1 1 1 1 1 1 

Maximum achievable score 54 

Score achieved 42 

3) Implementation of Quality Circle 

It is a small group of employees who voluntarily meet regularly to analyses, identify and 

execute work related solution leading to improvement in performance and enrichment of 

their work It consists of 3 to 11 members normally there is a leader or supervisor in each 

quality supervisor circle group The group presents the solution to management and 
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executes the solution themselves to improve performance of organization and motivate 

other employees.  

Problem solving steps 

 Identification of problems.  

 Selection of problems. 

 Define the problems 

 Analysis of problem. 

 Identify the root cause. 

 Data analysis 

 Developing solution 

 Trial and implementation.  

  
FIGURE 4.2: Photos of Implementation of 5S at ABC Company 

A quality circle group was formed as the improvement strategy Data related to various 

Problems Observed During manufacturing engine housing was collected Total 11 

problemswere identified based on importance, urgency and feasibility of the Problem 

Total score was calculated based on parameter score thread tapping defect have highest 

total score 25 out of 30 As the result of detailed analysis total 10 Possible root causes were 

identified for tapping defect It was found improper cleaning of stator hole were significant 

causes corrective action was taken for 
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TABLE 4.5: Selection of problem-Quality Circle 

Sr. No. P I U F TS 

1 

 

Centre distance of differential flange hole 

improper  

9 8 7 24 

2 Differential sealing face burrs  7 6 7 20 

3 Crack in crank case  9 9 4 22 

4 Bearing seat surface finish is improper  7 7 6 20 

5 Tapping defect  9 8 8 25 

6 Flange height variation  8 8 6 22 

7 Bearing seat dimensions improper          

8 Oil leakage in newly assembled crankcase  9 6 6 21 

9 Variation in dimensions of lube oil holes  7 6 7 20 

10 Crankcase edge mismatch after assembly.   8 6 7 21 

11 Chamfer outer surface finish improper  7 6 7 20 

P – Problem, I – Important, U – Urgency, F – Feasibility, TS – Total Score 

TABLE4.6: Analysis of tapping defect 

Problem Cause Validation (Justification) 

Significant 

Cause 

Yes/No 

Operator skill 
All operators are qualified and 
experienced 

No 

Improper cleaning of stator hole Observed chips in holes stator Yes 

Tap tool edge brake during 
operation 

Edge brake checking mechanism is 
available  

No 

Improper depth of stator hole 
Drill length and hole depth verified. 
O.k. 

No 

Stator hole position out (mis-
orientation)  

Misorientation observed in some 
holes 

Yes 

Tap tool hardness/ material Verified O.K. No 

Tap tool change over frequency  Verified O.K. No 

Type of tape tool Drill angle 
Major Dia. 

Verified O.K. No 
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Two root causes were identified and eliminated (1) Improper cleaning of stator hole (2) 

Stator hole position out. 

4) Implementation of Plan – Do-Check - Act (PDCA) at ABC company 

It may be defined as planning, analyzing and executing an improvement project. Plan Do 

Check Act is a cyclic process which uses the outcome of one step to build the coming step. 

It is used for continuous improvement of products / processes and for defects / waste 

reduction. It gives step by step process by which one can analyze and find the solution for 

a problem while providing good visualization about status of project.  

The steps are described below. 

I. Plan: It is about problem definition and description; specific information and 

figures should be included in plan statement. One should avoid too broad 

statements because it would be difficult to communicate exactly what we are trying 

to address. 

II. Do: It is about problem analysis. The team will analyze the problem and discuss 

the root causes. Graphs, charts, diagrams are to be usedto represent the problem 

analysis and root causes if possible. 

III. Check: Verify root causes and mention how do we justify root causes for the 

targeted problem. Avoid possible causes just focus on verified root causes. 

IV. Act: short- and long-term corrective actions are described in this step. The 

responsible person and due date to complete the corrective actions are mentioned 

V. Results: Results and changes produced by above steps are declared in this section. 

Graph, chart, and tables are to be used if possible. It should be described in brief 

that how these results have positively impacted the production outcome or 

business. 

VI. Future steps: List out future actions required to sustain the improvement. Identity 

and note down the necessary resources to complete these steps. The final thing to 

be decide is "who will ensure the change is maintained. 

After investigation and discussion, it was observed that tripping treqneney of VMC-850 

was high. 

A team of production supervisor maintenance engineer, electrical engineer and Q.C 

engineer was formed to address the problem 4 root censes were identified (a) High 
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vibration; (b) Tool Overload; (c) High bearing temperature and (d) Low Coolant level. 

Suitable corrective actions were implemented (a) replacement of wore parts and fasteners; 

(b) increasing the inspection frequency to 4 times per shift; (c) maintaining feed and depth 

of cut norms; (d) training of operators tripping frequency was reduced from 4.6 occurrence 

per shift machine downtime reduced from 28 minutes to 12.8 minutes per shift. 

Red tag method was introduced for effective implementation of 5s. During sort function of 

5S process many times it is difficult to identified that weather the item piece of equipment 

is to be kept or removed Bright red color tag is used to catch immediate attention of 

employ Red tag indicates weather the item is raw material/semi-finished Product/final 

product/tools/ extra equipment/maintenance equipment/office equipment or waste Once an 

item is red tagged it can be shifted to the proper location. there is provision to correct the 

details of red tag if found necessary. It results in cleaner production space and improved 

productivity and efficiency. 

TABLE 4.7: IncreasingavailabilityofVMC-850 

Projecttitle:IncreasingavailabilityofVMC-850 
Team Do(Actions) 

 Supervisor production 

 Maintenance engineer, mechanical 

 Engineer, Electrical engineer, Q.C. 

 Replace worn parts and fasteners 

 Increase the inspection frequency to 
4times/shifts. 

 Follow the feed and depth of cut 
instructions 

 Training of operators. 

Plan(Define Problem) 
Frequent trappings observed in VMC- 
850,whichreducesmachineavailability. 

Measure(Summarize the data) Check(Summarize the results) 
Tripping frequency of VMC-850 is 4.6 
occurrencespershift.Thisideasto28 minutes 
of downtime. 

 Tripping frequency reduced to 2.1 
occurrences per shift.(Downtime12.8 
minutes per shift) 

Analyses (Root cause analysis) Act(Future steps) 

 High vibration 

 Tool overload 

 High bearing temperature,  

 Low Coolant level 
        Low coolant level 

Follow the‘ Do’ Steps 

PDCA-Project 
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5) Implementation of Standardization of operation 

Definition: “correcting, improving and redefining various procedure of an organization”. 

As an important outcome of research work standardization of operations is an important 

tool for implementation of LSS in small and medium scale auto industries. It is operation 

modification or improvement for cost reduction and defect reduction. The source of defect 

should be identified at early stage of production cycle so that cost of rejection can be 

reduced. All important operations and processes were identified and were reviewed for 

improvement and modification. All levels of employees from important departments were 

invited for task. Standardization of operation was carried out for important expected 

outcome like cost reduction, quality improvement, customer satisfaction, inventory 

reduction and flexibility. Standard practices followed by successful LSS production units 

were referred for implementation.  

(I) First piece approval report  

As the result of analysis of Q.C. records first piece approval report was implemented for 

all important machines, parts and processes. It was conducted that just after some specific 

events like new setting on machine, tool change, new batch of Casting / forging, operator 

change and rectification after brake down there are more chances of defect. It was decided 

to inspect all first 4 pieces produced after above mentioned events. First piece approval 

reports for all the parts and machines were prepared and executed. 
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TABLE 4.8: First pcs approval report 

FIRST PCS APPROVAL REPORT 

Name Of Component : Brake Drum-BD09 Drawing No. : SC924 

Material : FG - 260 CI Date 

Shift : First / Second 

Set Up : 

1st Machine Name & No. 

Sr Parameters 
Specification 

& Tolerance 

Measuring 

Instruments 

Set Up : 1st 

Remarks 1 

Piece 
2 3 4 

1 

Visual 

Inspection 

Free from 

cracks, blow 

holes, other 

casting 

defects 

Visual           

2 O.D 250. +  0.1 
Vernier 

Caliper            

3 Bore 
107.00 to 

107.20 
Snap Gauge 

          

4 Brake Size 
225.00 to 

225.00 
Snap Gauge 

          

5 
Total 

Height 
86.7 + 0.5 

Height 

Gauge           

6 Depth 60.0 + 0.1 
Height 

Gauge           

7 Depth 76.0 + 0.1 
Height 

Gauge           

  

FIRST SAMPLE Approved :   
Not 

Approved 
    

Note: First Piece Set Up Approval When New Setting, M/c Rectification After 

Breakdown, Tool Change, Casting Batch Change, Operator Change.  

Operator Name & Sign : Supervisor Sign: 
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(II) On Job inspection report 

(a) A new procedure - on job inspection was introduced instead of in process 

Inspection. In the earlier procedure produced parts were randomly inspected from 

different lots, irrespective of time slot of their production. 

TABLE 4.9: On job Inspection report format 

ON JOB INSPECTION REPORT 

Machine No. & Name 

CNC 
Date: 

Product Name & Drawing No. :R B D 

S 2 
Operator Name 

Dimension 

Specification 8:
30

-9
:3

0 

9:
30

-1
0:

30
 

10
:3

0-
11

:3
0 

11
:3

0-
12

:3
0 

1:
00

-2
:0

0 

2:
00

-3
:0

0 

3:
00

-4
:0

0 

4:
00

-5
:0

0 

5:
00

-6
:0

0 

6:
00

-7
:0

0 

7:
00

-8
:0

0 

Su
p.

 S
ig

n 

Q
.C

.S
ig

n 

Si
gn

 

BORE:61.1/61.4                             

B.D. : 24.7/24.9                             

BORE:199.4/19

9.7 
  

                          

F.G.OD 

:218.9/219.1 
  

                          

GROOVE 

DEPTH :6.8/7.1 
  

                          

T/H : 

73.85/74.15 
  

                          

T/H : 67.0 + 0.1                             

T/H :66.0 + 0.1                             

O.D. :226.0 + 

0.1 
  

                          

Machine No. & Name 

CNC   

Product Name & Drawing No. 

:CASING REAR AX.LH S - 1 Operator Name 

Dimension 

Specification 

8:
30

-9
:3

0 

9:
30

-1
0:

30
 

10
:3

0-
11

:3
0 

11
:3

0-
12

:3
0 

1:
00

-2
:0

0 

2:
00

-3
:0

0 

3:
00

-4
:0

0 

4:
00

-5
:0

0 

5:
00

-6
:0

0 

6:
00

-7
:0

0 

7:
00

-8
:0

0 

Su
p.

S
in

g 

Q
.C

. S
in

g 

SI
N

G
 

OD - 174.50 

+0.15 V.C 
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ID - 167.0 + 

0.063 GAUGE 
  

                          

BORE - 54.1 + 

0.046 B.G. 
  

                          

DEPTH - 38.13 

+ 0.1 H.G 
  

                          

DIA - 109.6 + 

0.1 V.C 
  

                          

T/H - 115.0 - 0.5 

H.G 
  

                          

ID - 97.0 + 0.15 

GAUGE 
  

                          

BORE RA - 1.6 

MEX Ra 

TESTER 

  

                          

FACE RA - 

1.6MEX Ra 

TESTER 

  

                          

In the improved procedure on job inspection the Produced parts for a particular time slot 

are inspected separately key benefits of implementing the improved procedure are 

(a) To identify if any particular time is critical for defect /rejection 

(b) To identify if there are more defects in parts produced by a particular machine or 

operator 

(c) To reduced batch rejection 

6) Implementation of Value stream map (VSM) 

It is important tool used to identify and eliminate waste from a process. It is a visual 

presentation for a manufacturing process, representing value added and non value added 

processes that add process time, cost, inventory and time for product delivery to customer. 

It represents relation between material flow, process and information. A complete value 
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stream map for a product covers all the activities from the point the customer puts an order 

to the time the product is received by Customer. 

Value stream is important because; 

 It represents complete flow of product through factory 

 It makes processes visible so that they can be understood easily 

 It shows sources of waste in process. 

 It provides a picture by which everyone can easily visualize the targets  

 It reflects that how the work should flow 

 It represents a base line for formulation and implementation of improvement strategy. 

 

VSM for brake drum  

A cross functional team including production supervisor, Quality control engineer and 

LSS consultant was formed to prepare and analyze current and future Value stream map 

for brake drum. 

 

Current state VSM 

The production of brake drum consists of following steps: 

(1) Back face facing and boring 

(2) facing operation 1 

(3) Facing operation 2 

(4) Facing operation 3 

(5) Grooving 

(6) Boring of bearing seat 

(7) Collar facing and turning 

(8) Inspection. 

The customer puts yearly order for brake drum. Customer requires 280 pieces of brake 

drum every month. The raw material for the brake drum is block produced by investment 

casting. The company orders 840 pieces of raw material after every three months. A 

current state value stream map was prepared by using this data as shown in fig 4.3. Cycle 

time for the part produced is 27.4 minute and lead time is 421.4 minute. 
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Production 
Control

Supplier Customer

Back face 
Facing 
Boring

Facing 
Operation 1

Facing 
Operation 2

Facing 
Operation 3 Grooving Boring of 

seat

Collar 
Facing 
Turning

Inspection

4.9 3.1 2 2.9 2.9 3.3 5 3.3

52 60 52 49 56 67 58

C/T=4.9 Min
C/O=3 Min

C/T=3.1Min
C/O=2.8Min

C/T=2.9 Min
C/O=3.1Min

C/T=2Min
C/O=2.6Min

C/T=2.9Min
C/O=2.5Min

C/T=3.3 Min
C/O=2.9Min

C/T=5 Min
C/O=2.5Min

C/T=3.3Min
C/O=2.2Min

Daily

Production 
Supervisor

Daily
Quarterly
Supply

280 Piece
Per Month

840 280

80 182                       168                        160                        132                       150   172

Total Lead Time

Cycle Time
421.4 Min
27.4 Min

Current State Map – Brake Drum

 
FIGURE 4.3: Current state map for Brake Drum 

Future state map: 

Future state map represents the picture of material flow, value added time, non-value-

added time and inventory after proposed improvements. For the production of selected 

part following improvements are implemented 

(1) The inspection was carried out as the last operation in current state map. 

 This single inspection operation was replaced by number of stage inspections 

before collar facing and turning, grooving and facing operation 1. It helped to 

identify the defects at very early stage of production and thus reduced the cost of 

rejection. 

 In addition, it resulted in reduction of total lead time by 61.3 minutes.  

 5S was implemented at different, work stations. 

(2) Modification was made to order raw material after every two months instead of every 

three months to reduce the inventory level. 

(3) A Jig fixture was introduced for back face facing and boring operation. Because of 

improvement steps total lead time was reduced to 356.5 min and cycle time reduced to 

20.5 min. 
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Production 
Control

Supplier Customer

Back face 
Facing 
Boring

Facing 
Operation 1

Facing 
Operation 2

Facing 
Operation 3 Grooving Boring of 

seat

Collar 
Facing 
Turning

4.1 2.8 1.7 2.4 2.5 2.8 4.2

52 60 52 49 56 67

C/T=4.9 Min
C/O=3 Min

C/T=3.1Min
C/O=2.8Min

C/T=2.9 Min
C/O=3.1Min

C/T=2Min
C/O=2.6Min

C/T=2.9Min
C/O=2.5Min

C/T=3.3 Min
C/O=2.9Min

C/T=5 Min
C/O=2.5Min

Daily

Production 
Supervisor

Daily
Bi-Monthly
Supply

280 Piece
Per Month

560

280

80 182                       168                        160                        132                       150   

Total Lead Time

Cycle Time
356.5 Min
20.5 Min

Future State Map – Brake Drum

S.I. S.I.5S 5S5S S.I.
J    F

 
FIGURE 4.4: Future state map for Brake Drum 

7) Root Cause Analysis 

In this method root cause analysis is carried out by asking basic question like: 

I. What: Gives detail about defect/Title of defect  

II. Which: Describes location of defect (Part name/no)  

III. Where: Represents machine or shop floor location where defect is produced  

IV. Why: Describes probable root causes of defect/variation  

V. When: Time (date/shift/time) during which the defect was observed 

VI. Counter action: Describes the suggest action to address the root causes and 

defect 

Root cause analysis was carried out for various defects recorded in the manufacturing unit.  

 

 

 

 

 

 

 



Implementation 
 

148 
 

TABLE 4.10: Root Cause analysis for crack in clutch collar 

1.  

What (Defect) 

2.  

Which (Part 

Number) 

3.  

Where 

(Machine) 

4.  

Why 

(Probable 

Reasons) 

5.  

When 

6.  

Counter 

Actions 

(Before) 

Crack in clutch 

Collar 

Collar 

(DU101109) 

Lathe 

Machine 

Excess 

clamping 

Pressure. 

Ring 

Formation in 

Chamfer 

Area 

Crack after 

H.T. 

02/02/21  

To 

12/02/21 

Manual 

Fixtures 

 

7.  

Counter 

Actions 

(After) 

8.  

Who will do it 

(Responsibility) 

9.  

When to 

do it 

(Target 

Date) 

10.  

Change of 

Inspection 

(Before) 

11. 

Change of 

Inspection 

(After) 

12. 

Inspection 

by 

Eliminate Skill 

factor. 

OD turning and 

grooving 

operation 

shifted to CNC 

with OD 

clamping 

Mr. Sharma 20/03/21 100% Visual 

Inspection 

100% 

Visual 

Inspection 

by 

magnifying 

glasses. 

QC 

Technician 

By introducing CNC operations, skill factor required for clamping is eliminated 
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TABLE 4.11: Root Cause analysis for OD Oversize or spacer 

1.  

What (Defect) 

2.  

Which (Part 

Number) 

3.  

Where 

(Machine) 

4.  

Why 

(Probable 

Reasons) 

5.  

When 

6.  

Counter 

Actions 

(Before) 

O.D. Oversize 

 

Spacer 

(SB12013) 

 

Grinding 

M/C. Second pass 

grinding not 

completed 

First pass 

grinding 

component 

mixed with 

finished 

components 

02/08/21  

To 

07/08/21 

First Pass 

and 

Second 

pass 

grinding 

operations 

were 

carried out 

on same 

machine 

 

 

7.  

Counter 

Actions (After) 

8.  

Who will do it 

(Responsibility) 

9.  

When to 

do it 

(Target 

Date) 

10.  

Change of 

Inspection 

(Before) 

11. 

Change of 

Inspection 

(After) 

12. 

Inspection 

by 

Two different 

machines used 

for two 

grinding 

operations. 

 

Mr. Prakash 16/08/21 

 

Inspection by 

Multi gauge 

 

Inspection 

by Multi 

gauge and 

Snap 

gauge 

 

QC 

Technician 
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TABLE 4.12: Root Cause analysis for excess run out of guide valve 

1.  

What (Defect) 

2.  

Which (Part 

Number) 

3.  

Where 

(Machine) 

4.  

Why 

(Probable 

Reasons) 

5.  

When 

6.  

Counter 

Actions 

(Before) 

Excess Run out 

 

Guide Valve 

(31101005) 

 

CNC 

 

Job out 

clamped 

Burrs 

observed in 

Clamps 

Jaws not 

cleaned 

properly 

 

10/06/21 

To 

16/06/21 

 

Manual air 

flush 

every 

cycle. 

In process 

inspection 

frequency 

5 jobs per 

hour 

 

7.  

Counter 

Actions (After) 

8.  

Who will do it 

(Responsibility) 

9.  

When to 

do it 

(Target 

Date) 

10.  

Change of 

Inspection 

(Before) 

11. 

Change of 

Inspection 

(After) 

12. 

Inspection 

by 

Auto air 

flushing 

implemented. 

In process 

inspection 

frequency 

increased 10 

jobs per hour 

 

Mr. Prakash 

 

20/06/22 

 

10 Samples 

per cycle 

checked at 

final stage 

100% 

inspection 

at final 

stage 

QC 

Technician 
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TABLE 4.13: Root Cause analysis for high hardness of clutch assembly spacer 

1.  

What 

(Defect) 

2.  

Which (Part 

Number) 

3.  

Where 

(Machine) 

4.  

Why 

(Probable 

Reasons) 

5.  

When 

6.  

Counter 

Actions 

(Before) 

High Hardness 

 

Clutch assembly 

spacer 

 

H.T. 

 

Tempering 

cycle not 

monitored. 

Tempering at 

low 

temperature. 

 

06/01/22 

To 

16/01/22 

 

Hardening 

and 

Tempering 

carried out 

at M/s 

Ravi 

Metals 

 

 

 

 

7.  

Counter 

Actions 

(After) 

8.  

Who will do it 

(Responsibility) 

9.  

When to 

do it 

(Target 

Date) 

10.  

Change of 

Inspection 

(Before) 

11. 

Change of 

Inspection 

(After) 

12. 

Inspection 

by 

Heat 

Treatment at 

M/s XAI 

 

Head 

Procurement 

Department 

 

20/01/22 

 

05 per lot-

checked after 

tempering  

 

10 per lot-

checked 

after 

tempering 

 

QC 

Technician 
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TABLE 4.14: Root Cause analysis for dust and scaling on I.D and face of reworked sleeve 

1.  

What 

(Defect) 

2.  

Which (Part 

Number) 

3.  

Where 

(Machine) 

4.  

Why 

(Probable 

Reasons) 

5.  

When 

6.  

Counter 

Actions 

(Before) 

Dust and 

Scaling on 

I.D. and Face  

 

Reworked 

Sleeve 

(DS106892) 

 

Heat 

Treatment 

(Tempering) 

 

Tempering 

was done on 

some jobs 

because of 

high 

hardness. 

Dust/Scaling 

was not 

removed 

from 

reworked 

parts after 

tempering 

16/12/21 

To 

20/12/21 

 

No 

separate 

treatment 

for 

reworked 

parts 

 

 

7.  

Counter 

Actions 

(After) 

8.  

Who will do it 

(Responsibility) 

9.  

When to do 

it (Target 

Date) 

10.  

Change of 

Inspection 

(Before) 

11. 

Change of 

Inspection 

(After) 

12. 

Inspection 

by 

S.O.P. 

defined for 

reworked 

parts  

Reworked 

parts cleaned 

and washed 

with diesel 

 

Q.C. Heat 

Treatment 

 

26/12/21 

 

No separate 

inspection of 

reworked 

parts 

 

Visual 

inspection 

started for 

reworked 

parts 

QC 

Technician 
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8) Ishikawa diagram (Fish bone diagram) 

They are also known as fish bone diagrams these diagrams were first introduced by Kaoru 

Ishikawa for Kawasaki shipyards. They represent potential causes of a defect. The defect 

is represented as fish’s head, facing towards right, and the root causes are shown 

extending towards left as fish bones. The root causes are grouped in major categories to 

point out sources of defects. These diagram allows us to see all root causes simultaneously 

It is highly visual brainstorming tool that may recall further examples of root cause 

 
FIGURE 4.5: Ishikawa Diagram 

9) High Surface roughness  

High surface roughness was observed in parts produced by a lathe machine Ishikawa 

diagram was prepared for the defect. The root causes were grouped in four categories 

machine parameters, cutting parameters, tool parameters, and others.  Each group has 3 to 

4 root causes. System was inspected for root causes one by one. Bearing of lathe Spindle 

was having high clearance due to wear same was replaced. 

 

4.3 Chapter Summary 

Different aspects of implementing lean six sigma in small and medium scale automobile 

and allied industries are discussed in this chapter. chapter describes methods and outcome 

of implementing 5S, Kaizen, quality Circle, PDCA, Standardization of operation, VSM, 

root cause analysis and Ishikawa diagram. 
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CHAPTER-5 

Results & Discussion 

5.1 Comparison of SEM Output and ANN Output 

With the help of SPSS AMOS 26, SEM was developed. SEM represents co-relation 

between Critical Success factors and outcome factors. 

 

TABLE 5.1: Comparison of SEM output and ANN output 

Sr. 
NO Hypothesis 

SEM 
Output 

ANN 
Output 

1 Culture Change >>>Quality Strong Strong 
2 LSS Training >>>Quality Strong Strong 
3 Customer Focus>>>Quality Strong Strong 
4 HR Rewards >>>Quality Strong Weak 
5 Management Commitment >>>Cost Strong Strong 
6 Project Prioritization >>>Cost Strong Strong 
7 Performance Assessment >>>Cost Strong Strong 
8 Customer Focus>>>Cost Strong Strong 
9 Management Commitment >>>Productivity Strong Strong 
10 Organization Infrastructure>>>Productivity Strong Weak 
11 Performance Assessment >>>Productivity Strong Strong 
12 Customer Focus>>>Productivity Strong Strong 
13 Employee involvement >>>Quality Strong Weak 
14 Management Commitment >>>Customer Satisfaction Strong Strong 
15 Performance Assessment >>>Customer Satisfaction Strong Strong 
16 Employee Involvement >>>Flexibility Strong Weak 
17 Customer Focus>>>Flexibility Strong Strong 
18 Performance Assessment >>>Flexibility Strong Strong 
19 Culture Change>>>Flexibility Strong Strong 
20 Management Commitment >>>Financial Performance Strong Strong 
21 Organization Infrastructure>>>Financial Performance Strong Strong 

22 
Customer Focus>>>Financial Performance 

 Strong Strong 
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SEM can respond to linear relationship between data while ANN is efficient in analyzing 

complex relationship (including nonlinear) between data, so by comparing SEM and ANN 

output, we can get whole picture which includes linear and complex (nonlinear) data 

relationship in the research domain as shown in Table 5.1. 

Out of 67 correlations between critical success factors and performance outcome factors, 

SEM identifies 22 strong correlations, While ANN confirms 18 strong correlations. The 

most important critical success factors and performance outcome factors are described 

below. 

5.1.1 SEM outcome: Critical Success Factors  

 Customer focus is the most important critical success factor having strong impact 

on all 6 outcome factors quality, Cost, Productivity, customer satisfaction, 

flexibility and financial Performance.  

 management Commitment is the Second important critical Success factor having 

Strong impact on 4 outcome factors cost productivity, customer satisfaction, and 

financial performance  

 Performance assessment is important critical success factor having impact on 3 

outcome factors cost, Productivity and flexibility culture change have strong 

impact on quality and flexibility  

 Organizational infrastructure has Strong impact on productivity and financial 

performance  

5.1.2 SEM Outcome: Outcome Factors 

 Productivity is the most expected outcome factor impacted by 5 critical success 

factors  

 Quality cost and flexibility are other important expected outcome factors strongly 

impacted by 4 critical success factors  

Important lean tools Six Sigma Tool, impending was derived based on feedback of 

respondent’s percentage of respondents who have mentioned importance level 4 of 5 for 

particular tool or factor are Plotted on Y axis (Percentage occurrence) representing height 

of bar chart particular tool or factor is mentioned on X-axis as shown in Figure 5.1. 
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FIGURE: 5.1 Suitable Lean Tools 

First seven important lean tools are 5s, Kaizen standardization of Operation, Vsm, Quality 

control SPC quality Circle and TPM. 5s, Kaizen and standardization of operations have 

Occurrence percentage 84%, 80% and 78% respectively. 

5 S: - It is about arranging and maintaining all tools, materials and machines in predefine 

way. It mainly focuses on cleanliness.  

Kaizen: - Kaizen philosophy focuses on small and continuous improvement. Kaizen leads 

to large impacts through small improvements. 

Standardizations of Operations: - Various operations and procedures of an organization 

are evaluated and modified to achieve quality and cost goals. 

VSM: - It is method of identify and removing waste and non-required processes. Visual 

map is prepared for current status and expected future status. Non value added processes 

are removed for improvement. 

Quality circles: - In this methods special task force of employees are formed to find out 

work related solutions. 
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(a) 

 
(b) 

FIGURE: 5.2 (a) Suitable Six Sigma Tools (b) Standard Deviation of tools 

 

FIRST seven important six sigma tools are cause effect analysis brain storming, PDCA, 

histogram, Process flow chart, SPC chart. and failure mode effect analysis. First three 

tools have occurrence Percentage 81%, 72%, and 68% respectively as shown in Figure 

5.2. 
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Cause effect analysis: - Analysis is carried out to find out root cause of defects. Five 

questions are considered, Why? Which? Where? What? When? Suitable counter action is 

taken to target root cause. 

PDCA: - It is process of planning, Evaluating, and Implementing a particular 

improvement project. It is used for continuous improvement of product and processes. 

Histogram: - It is graphical presentation of numerical data in form of vertical bars. It 

represents probability distributions of given variables. 

Brain storming: - It is method of generating Ideas and sharing knowledge to solve a 

problem. In this method each participants says the idea as soon as it comes to mind. 

Process flow charts: - It represents work flow of a process. They are used to design and 

record simple processes and programmes. They help to visualize the processes. 

 

 FIGURE: 5.3 Barriers for Lean Six Sigma Implementation 

 

Seven important barriers for LSS implementation in target group or industries are shortage of LSS 

experts, insufficient training, cultural change, longer implementation phase lack of idea generation, 

poor understanding of tools and fewer success stories First three barriers have Occurance 

percentages 84%, 82% and 76% as shown in Figure 5.3. 

 

Shortage of LSS Experts: - There exists shortage of LSS experts. It is difficult to achieve goal 

without proper guidance from experts. It is one of the most important barrier. 
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In sufficient Training: - Training plays important role in LSS implementation. If proper training 

is not given to staff, it can lead to confusion and partial outcome. 

Cultural Change: - Successful implementation of change method requires cultural change in 

organization. In traditional organizations changing the work culture is a tough task. It requires 

sincere efforts and patience. 

Longer Implementation faces: - Some time it takes years ti reflect the outcome of LSS 

implementation. It is an important barrier for implementation. 

Poor Understanding of Tools: - LSS tools must be properly understood and implemented. Poor 

understanding of tools is a major barrier  
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FIGURE: 5.4 Derived CSFs from responses 

Seven important Critical Success factors are management Commitment, LSS Training 

Cultural, change, involvement of all, project prioritisation, LSS to business and 

Outsourcing First three factors have occurrence percentage 89%, 85% and 82%  as shown 

in Figure 5.4. 

 

5.2 Rejection analysis 

In company ABC suitable LSS tools were implemented and effect of implementation was 

analyzed. Table 5.2 represents total pieces produced, total rejection, % rejection and cost 

of rejection (per piece) of 14 items produced in company before LSS implementation. 

 



Result & Discussion 
 

160 
 

Table 5.2: MonthlyRejectionAnalysisJan2021,10-2-21 

MonthlyRejectionAnalysisJan2021,10-2-21 

Sr. 
No 

Part No. Total 
Production 

(Piece) 

Total 
Rejection(Piece) 

Rejection 
Percentage 

Cost of rejection 
per piece (Rs) 

1 T1826 1228 12 0.97 666 
2 T1949 326 4 1.22 585 
3 T2653 2688 31 1.15 853 
4 T2356 937 15 1.6 553 
5 T2626 4570 42 0.91 1176 
6 T1224 620 11 1.77 2164 
7 T1823 96 2 2.08 625 
8 T1827 738 12 1.62 167 
9 T1336 236 3 1.27 328 

10 T1924 3260 35 1.07 1330 
11 T2036 832 10 1.2 680 
12 T2826 720 10 1.38 2820 
13 T2729 40 0 0 822 
14 T2830 282 6 2.12 2790 

Total 16573 193 1.16  

Table 5.3 Represents the data after implementation of LSS. It is derived that rejection rate 
reduced from 1.16% to 0.76% after implementation as shown in Figure 5.5 
 

Table 5.3: MonthlyRejectionAnalysisJan2022,18-2-22 

MonthlyRejectionAnalysisJan2022,18-2-22 

Sr. No 
Part 
No. 

Total 
Production 

(Piece) 

Total 
Rejection 

(Piece) 

Rejection 
Percentage 

Cost of rejection 
per piece (Rs) 

1 T1826 1426 10 0.8 666 
2 T1949 280 3 1.1 585 
3 T2653 2530 19 0.8 853 
4 T2356 870 10 1.15 553 
5 T2626 4296 24 0.6 1176 
6 T1224 537 7 1.3 2164 
7 T1823 182 3 1.64 625 
8 T1827 636 7 1.1 167 
9 T1336 252 2 0.8 328 

10 T1924 3341 22 0.7 1330 
11 T2036 836 7 0.83 680 
12 T2826 742 7 0.9 2820 
13 T2729 62 1 2.5 822 
14 T2830 326 4 1.2 2790 

Total 16316 126 0.76  
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Figure 5.5: Status of Rejection rate before and after implementation of Lean Six Sigma at ABC 
 

 
Figure 5.6: Status of cost of rejection before and after implementation of Lean Six Sigma at ABC 

Cost of rejection reduced from 220794 Rs./month to 142966 Rs./month, which shows 

significant reduction of 35.24%. Cost of rejection per piece is presented in last column. It 

is considered that cost of rejection per piece remains same during the implementation 

phase. 

 

1.16%

0.76%

0.00%

0.20%

0.40%

0.60%

0.80%

1.00%

1.20%

1.40%

Before Implementatation After Implementatation

220794.00

142966.00

0.00

50000.00

100000.00

150000.00

200000.00

250000.00

Before Implementatation After Implementatation



Result & Discussion 
 

162 
 

For the company XYZ suitable Lean Six Sigma tools were implemented and improvement 

in company performance was observed. Total production, total rejection, % rejection and 

cost of rejection per piece before implementation of LSS is represented in Table 5.4. 

Table 5.4: Monthly Rejection Analysis Jan'21 Date: - 10/02/21 

Data after implementation of LSS is represented in table 5.5. Initially data was collected 

for 22 parts, out of which 7 items were sample items. 

 

 

Sr. No 
Part 
No./ 

Drg. No. 

Total 
Production 

Pieces 

Total 
Rejection 

Rejection 
Percentage 

Cost of 
Rejection 
Per piece 

(Rs) 

Remarks 

1 651506 6898 91 1.32 118 
 

2 651509 376 4 1.06 68 
 

3 181213 7486 110 1.47 106 
 

4 181622 125 5 4 - Sample 
5 262022 4642 41 0.88 86 

 
6 161096 1040 12 1.15 1280 

 
7 183622 1020 8 0.78 118 

 
8 162023 2102 2 - 220 

 
9 181623 6052 10 0.16 230 

 
10 261020 1162 18 1.56 98 

 
11 651216 526 5 0.95 118 

 
12 161236 32902 454 1.38 230 

 
13 181922 127 3 2.36 - Sample 
14 121423 1715 33 1.92 - Sample 
15 162624 105 3 2.85 - Sample 
16 162625 93 5 5.38 - Sample 
17 182633 178 11 6.18 - Sample 
18 182922 64 11 17.18 - Sample 
19 261224 5788 82 1.41 86 

 
20 162623 12897 142 1.1 208 

 
21 192022 1804 27 1.49 86 

 
22 192516 15498 161 1.03 133 

 
Total 

 
102600 1238 1.21% 
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Table 5.5: Monthly Rejection Analysis Jan'22 Date: - 16/02/22 

Sr. No 
Part No./ 
Drg No. 

Total 
Production 

Pieces 

Total 
Rejection 

Rejection 
Percentage 

Cost of 
Rejection 
Per piece 

(Rs) 

Remarks 

1 651506 7100 58 0.82 118   
2 651509 350 3 0.85 68   
3 181213 8006 83 1.03 106   
4 262022 4520 30 0.66 86   
5 161096 980 10 1 1280   
6 183622 1036 6 0.57 118   
7 162023 3020 3 - 220   
8 181623 5820 8 0.16 230   
9 261020 1103 17 1.54 98   

10 651216 580 6 1.03 118   
11 161236 31822 286 0.9 230   
12 261224 5622 62 1.1 86   
13 162623 11822 83 0.7 208   
14 192022 0 0 0 86   
15 192516 16236 102 0.62 133   

Total 
 

98017 757 0.76%     

 

Figure 5.7: Status of Rejection rate before and after implementation of Lean Six Sigma at XYZ 
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Figure 5.8: Status of cost of rejection before and after implementation of Lean Six Sigma at XYZ 

Rejection rate reduced from 1.21% to 0.76%. Initially cost of rejection was 212337 
Rs./month which was reduced to 138750 Rs./month, it shows 34% reduction as shown in 
Figure 5.7 and Figure 5.8. Cost of rejection per piece is estimated using market rates for 
specific period and it is considered to be constant during the implementation. 

5.3 Expert’s suggestion for LSS implementation 

Experts were asked to provide their general observation on suggestions for successful 

implementation of lean Six Sigma in small and medium scale auto industries. Few of them 

are described below  

(1) Mr. Johannes W. J. Timans (Consultant, NHLStenden University, Netherlands) 
a) Focus on feasible targets within a specified time frame 
b) Select projects carefully 

 
(2) Mr. Sushil Macwan (Director, ConceptBusiness Excellence Pvt Ltd.) 

a) The most important factor is top management commitment. 
 

(3) Mr. Dinesh Kakkad (Consultant, Six Sigma) 
a) Even in small and family-owned Organization, LSS can be implemented if 

owners are knowledgeable and keen to bring change to their respective 
industries 

b) In some cases, the owners have pseudo belief that while they run their 
business successfully in technical aspect, they do not need any external 
help in management aspect and are arrogant to seek any help till they are in 
deep trouble 
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c) Sometimes the owners of small-scale units are found to be self-satisfied 
with their performance, have little knowledge of change management tools 
like L.S.S. and are resistant to change. 
 

(4) Dr. S. R. Devdasan. (Professor, PSG College of Technology Coimbatore) 
a) Lean Six Sigma Programmers should aim for achieving high profit while 

implementing them in small and medium scale automobile industries. The 
communication should be so simple that the management and employees 
understand the essential and purpose of implementation of LSS. 
 

(5) Dr. Darshak Desai (Head, Mechanical Engineering Department, G. H. Patel 
College of Engineering)  
a) Creating awareness among top management and frontline work force is 

important. 
 

(6) Dr.RakeshShrivastava (Consultant and Trainer)  
a) Continual improvementis essential. 
b) Compete with self. 
c) Set goal of customer value addition. 

 
(7) Mr. Jayen Kotecha (CEO, Perfext Consulting Group) 

a) Start with small pilot project. 
b) Appoint experienced and talented facilitator 
c) Make it mandatory activity 
d) Learning by doing. 
e) Be original, do not copyothers.  
f) Create positive atmosphere 
g) Be data driven 
h) Decide key measures for processes 
i) Don't Celebrate too early or give up too soon. 
j) Build a culture of continuous improvement 
k) Invest in people by providing adequate training  
l) Identify projects by assessing gaps through business objectives. 
m) Establish periodic review mechanism  
n) Formulate robust reward and recognition policy. 

 
(8) Dr. R. Raju (Professor, Anna University) 

a) Form teams and train them for team effectiveness. 
b) Handover projects to appropriate teams. 
c) Select small projects for initial implementation. 
d) Identify Black belts and train them for leadership. 
e) Measure progress. 
f) Apply DMAIC 
g) Ensure continuous improvement 
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h) Celebrate success. 
 

(9) G. Sathyanarayanan (It. Coo. Hitech Gears)  
a) LSS is a proven and successful tool when practiced with a lot of 

commitment from top management and employees. The methodology pays 
for itself and can significantly enhance organizational effectiveness. 
 

(10) Ashok Kumar Kaul (Senior General Manager - Western Refrigeration) 
a) Top management commitment is a driving force for successful and timely 

implementation for LSS in small and medium scale. Automobile and allied 
industries. 

b) Apart from this key expert in various areas of functions who will act as the 
change agents play an important role in bringing about the cultural 
transformations in terms of training the people and making them believe in 
change and benefits due to this change. Involvement of peopleat different 
stages of implementation from all areas play a key role in effective 
implementation of LSS. 
 

(11) Mr. NileshKumarVachhani (Head -TQM. Jyoti CNC Automation)  
a) Select sequence of implementation carefully 
b) Create awareness about benefits and evaluation method among start and top 

management 
c) Allocate role, responsibility and accountability clearly 
d) Focus on knowledge transferring both directions up to down and down to 

up. 
e) Establish proper monitoring and review system. 
f) Establish reward and - motivation system. 
g) wearing of implementation with quality management system. 

 
(12) P. Rakesh (Consultant) 

a) Lean Six Sigma can help an organization to improve its productivity 
through better engagement of work force. 

b) Quality enhancement and cost reduction can be achieved by Lean Six 
Sigma. 
 

(13) Dr. A Kumar Avadivel (Professor MIET College of Engineering, Trichi) 
a) Analyze the implementation process minimum for 3 years for proper 

outcome of change method. 

 

5.3.1 Correlation of Implementation of Outcome with derived model 

 During implementation cultural change LSS training, customer focus, management 

commitment, project prioritization, employee involvement and performance assessment 



Result & Discussion 
 

167 
 

factors were strengthened. It resulted in improvement of quality, cost, productivity, 

customer satisfaction, flexibility and financial performance. Below table represents the 

correlations of SEM model and implementation outcome. 

TABLE 5.6: Correlation of Implementation of Outcome with derived model 

Sr. 
NO 

Hypothesis 
SEM 
Output 

ANN 
Output 

Implementation 
Outcome 

1 Culture Change >>>Quality Strong Strong Strong 

2 LSS Training >>>Quality Strong Strong Strong 

3 Customer Focus>>>Quality Strong Strong Strong 

4 Management Commitment >>>Cost Strong Strong Strong 

5 Project Prioritization >>>Cost Strong Strong Strong 

6 Performance Assessment >>>Cost Strong Strong Strong 

7 Customer Focus>>>Cost Strong Strong Strong 

8 
Management Commitment 
>>>Productivity 

Strong Strong 
Strong 

9 
Performance Assessment 
>>>Productivity 

Strong Strong 
Strong 

10 Customer Focus>>>Productivity Strong Strong Strong 

11 Employee involvement >>>Quality Strong Weak Strong 

12 Employee Involvement >>>Flexibility Strong Weak Strong 

13 Customer Focus>>>Flexibility Strong Strong Strong 

14 
Performance Assessment 
>>>Flexibility 

Strong Strong 
Strong 

15 Culture Change>>>Flexibility Strong Strong Strong 

16 
Management Commitment 
>>>Financial Performance 

Strong Strong 
Strong 

17 
Organization 
Infrastructure>>>Financial 
Performance 

Strong Strong 
Strong 

18 
Customer Focus>>>Financial 
Performance 

Strong Strong 
Strong 

5.4 Chapter Summary 

The chapter is about Overall Outcome of research project. It describes comparison of SEM 

Output and ANN output, critical success factors, tools and barriers. Improvement in 

rejection rate and rejection cost by implementing LSS tools are represented in this chapter. 

Experts' suggestions and guideline for implementation of LSS is discussed at the end. 
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CHAPTER-6 

Conclusion 

6.1 Achievements with respect to objectives 

The research work is carried out for small and medium-scale automobile and allied industries. 

A small-scale manufacturing unit is that which is having investment of up to 10 crore Rs and 

an annual turnover of up to 50 Core Rs. These limit for medium scale is up to 20 crore and100 

crore respectively. 

 The research work is based on a questionnaire survey. The questionnaire was designed 

based on a literature review expert consultation and field survey. 

 Feedback in the form of response to the questionnaire was received from LSS 

practitioners, academicians, and exports having experience in the field of LSS. 

 SEM model is prepared using SPSS software. 

 Two small and medium-scale automobile manufacturing units were identified for the 

implementation of LSS tools. 

 The feasibility of implementing LSS tools in selected manufacturing units was 

explored and discussed by the management of manufacturing units, researchers, and 

experts. Suitable LSS tools for implementation reasons for implementation and 

methodology were finalized considering financial burden, availability and readiness of 

staff, and expected time for implementation. 
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6.2 Main Conclusion and fulfillment of objectives 

1) Initially, 12 critical success factors were derived out of these, important factors are 

customer focus, management commitment, performance assessment, culture 

change, organization infrastructure, and employee involvement. (Objective 1)  

2) Important performance outcome factors are quality aspects, cost aspects, and 

financial performance aspects, productivity aspects, customer Satisfaction aspects, 

and flexibility aspects. (Objective 1) 

3) 22 strong co-relations are concluded between critical success factors and 

performance outcome factors. Customer focus, management commitment, and 

performance assessment are the most impacting critical success factors these 

factors have a strong impact on respectively 5, 4, and 3 numbers or outcome 

factors. Productivity, quality, cost and flexibility are the most desired performance 

outcome factors for the selected group of critical success factors. These outcome 

factors are impacted by respectively 5, 4, 4, and 4 number of critical success 

factors. (Objective 2) 

4) (Objective 3) Important Lean tools for the selected group of manufacturing units 

are 5S, kaizen, standardization of operation, VSM, and quality circle (Figure 5.1). 

The important six sigma tools are cause-effect analysis, brainstorming, PDCA, 

histogram, and process flow Chart (Figure 5.2). Important barriers (impending 

factors) are shortage of experts, insufficient training, and cultural change, longer 

implementation phase, lack of idea generation, and poor understanding of tools 

(Figure 5.3). The fulfillment of objective 4 is described in topic 5.3. 

5) Lean Six Sigma tools can be implemented for small and medium-scale automobile 

manufacturing units to achieve quality improvement and cost reduction. 

Implementation programmer, methodology, and LSS tools should be designed 

jointly by all stockholders. (Objective 5). 

Justification-In both the case implementation, staff of all levels, researcher and 

LSS expert have worked jointly to achieve desired results. 

6) Important characteristics of small and medium-scale automobile industries are 

(Objective 6) 
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a. Moderate R and D, training facility 

b. Reluctant to implement change method 

c. Limited technology and audit system for quality control 

d. Family-owned businesses 

e. Wide variety of Products; frequent change of products; contract-based 

production. 

f. Limited / no documentation about customer feedback system. 

g. wide range of customers(small local companies to MNCs) 

h. Not willing to change their manufacturing technology 

i. moderate financial resources 

j. Insufficient waste audit and energy audit system. 

k. No performance-based wage system.  

l. The fluctuating margin of profit 

m. High competition from Indian and foreign companies. 

7)  The major suggestions from experts described on page no 164 to 166 where 

implemented during implementation. It proves the suggestions are feasible. 

6.3 Future Scope Implication of Work  

1.  The current research was focused on small and medium scale automobile industries. 

There is need to carry out research for lean six sigma implementation in large scale 

engineering and chemical process industries. 

2.  In present research main focused was on Gujarat based automobile industries. There is 

scope of research outcome implementation in industries outside Gujarat. 

3.  Research for lean six sigma implementation should be carried out for industries other 

than automobile sector. There is scope of research for industries like general 

manufacturing process industries and technical consulting firms. 

4.  Further research can be carried out regarding the contribution of Lean champions, 

Lean Six Sigma Black belt in successful deployment of Lean Six Sigma Practice drive 

in the organization 
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5.  Further Research can be carried out on practices of Lean Six Sigma Manufacturing in 

various region of the country and the results of such studies can be compared. 

 

6.3.1 Implication of work 

a. Practical implication: - 

Results of current research have clearly reflected improvement in quality and cost 

outcome of selected small and medium scale automobile industries. This will provide 

reference case for Other industries. 5S, Kaizen, Quality circle PDCA and Ishikawa 

Method can be easily implemented for improvement of outcome.  

b. Managerial implication: - 

 Managers can decide the strategies for expected outcome by referring the result of 

current research for managers the major challenges for LSS implementation are 

shortage of experts, insufficient training and cultural change. 

c. Educational implication: - 

Current research is useful for study of Engineering and Management as a reference 

case. Concept of SEM, model Constructions validation and implementation are very 

useful for Academic purpose. 

 

6.4 Chapter Summary 

The chapter describes the fulfillment of objectives and conclusion of research work. At the 

end of chapter future scope of work is discussed. 
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Annexure 

Questionnaires 

TITLE : Implementing Lean Six Sigma methodology for automobile and allied industries to enhance 

quality and cost effectiveness. 

 

Respected Sir / Madam  

 This questionnaire consists of four sections. Pleas answer maximum possible questions by 

marking in the relevant box or by writing the answer in the provided space. You may skip the 

questions not suitable according to your company protocol or by any reason.  

 

Options     Weightage 

1.     Least important / Strongly disagree 

2.     Less important / Agree 

3.     Neutral 

4.     Important / Agree 

5.     Very important / Fully agree 

 

Part 1 PRELIMINARY INFORMATION 

( * indicates optional) 

 * Name : 

 Please indicate which of the following categories best describes the sector in which you work. 

Manufacturing   Purchase  

Design     Quality control 
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Quality control   Administration 

Finance     Management   

Others ___________________ 

 

 *Your Designation _____________________ 

 Years of Experience ___________________ 

Up to 10 years    

10 to 20 years    

20 to 30 years     

 *Your present company Name : 

 * Total work force in your company 

Up to 100    

100 to 500    

Greater than 500 

 

 Which of the following Six Sigma practices would be suitable for implementation in the small and 

medium scale automobile and allied industries ? 

Description Level of agreement 
1 2 3 4 5 

Histograms      

Scalter diagrams       

Run charts      

SPC charts      

Analysis of variance       

Process flow chart / mapping      

Brain storming      

Cause and effect analysis      

Failure mode effect analysis      

Plan do, check, act (PDCA)      

Kano analysis      

Poka yoke      

 

 Which of the following Lean practices would be suitable for implementation in the small and 

medium scale automobile and allied industries? 
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Description Level of agreement 
1 2 3 4 5 

5S      

Kaizen      

TPM (Total productive Maintenance)       

SMED (Single minute exchange of Die)      

JIT (Just in time)      

Kanban      

Cell out      

VSM (Value stream mapping)      

Standardization of operations      

Quality control SPC      

Quality circles      

Continuous flow      

 

 Give your opinion about important critical success factors for successful implementation of lean 

Six Sigma in small and medium scale automobile and allied industries. 

(Critical success factors are those factors which are important for successful implementation of 

any methodology in the meaning that if importance is not given to those factors the 

implementation may fail.) 

Management commitment: 

Description Level of agreement 
1 2 3 4 5 

Active interaction of top management with all  level  of 

employees.  

     

Timely resource approval/ other approval by top management      

Financial support by top management      

Commitment of top management is justified by it’s action      

Management commitment  towards employing advance 

technology like IOT to achieve waste elimination and zero defect 

manufacturing  

     

Easy approach to top management       
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L.S.S. training: 

Description Level of agreement 
1 2 3 4 5 

Extent to which L.S.S. training programmes are organized      

Effectiveness of L.S.S. training programmes      

Feedback system for training for continues improvement of 

training 

     

Identification of personals to be trained       

Transferring the knowledge of  gained in training       

Learning culture is well developed       

 

Project prioritization: 

Description Level of agreement 
1 2 3 4 5 

Project prioritization based on financial constrain/resource 

constrain 

     

Project prioritization based on waste elimination      

Project prioritization based on quality improvement      

Project prioritization based on chances of success for particular 

L.S.S.  project (success potential) 

     

Project prioritization based on productivity enhancement      

Project prioritization based on improving overall  equipment 

availability 

     

 

 

Organization infra structure: 

Description Level of agreement 
1 2 3 4 5 

Physical infrastructure       

Production machinery(builds and roads)      

I.T. network/ computing facilities       

Communication network      

Infrastructure related utilities       
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Culture change: 

Description Level of agreement 
1 2 3 4 5 

Change adoption culture       

Cross-function work  culture      

Resistance to change at operational level of organization       

Good communication system      

Frequent exposure of work  force  to new culture       

Work force includes persons from different areas / culture       

Deputing / training professionals at companies which have 

successfully implemented L.S.S.  

     

 

Linking L.S.S. to business strategy: 

Description Level of agreement 

1 2 3 4 5 

Well defined and  realistic vision, mission , plan statement 

supported by management  

     

Clarify and understanding of goals and objectives among all staff      

Delegation of responsibility and authority at various level of 

organization  

     

Long term employment       

Feedback  and review system for  achievement of goals  and  

objectives  

     

Inter departmental audit system      

 

 

Outsourcing / collaboration: 

Description Level of agreement 
1 2 3 4 5 

Outsourcing of complete implementation      

Outsourcing of some tasks (training etc.)      

Hiring consulting services related to LSS implementation      

Learning from other organizations       
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Providing budget for Outsourcing      

       H.R. reward system: 

Description Level of agreement 
1 2 3 4 5 

Individual member is for achievement      

Team is rewarded / recognized for achievement       

Department is rewarded/ recognized for achievement       

Monetary  reward      

Reward in yearly increment system      

Incentive\motivating employees for achieving 0 defect 

manufacturing. 

     

Incentive\motivating employees for waste elimination      

Reorganization of performing team/individual on notice board 

/news Letter of company 

     

 

Involvement of all levels of employ: 

Description Level of agreement 
1 2 3 4 5 

The organization structure makes it easy implement L.S.S.      

System to makes suggestions and execute changes       

Members are recognized for efforts and achievements       

Special resourced project team for LSS      

Effective communications system among all levels of employs       

Good salary structure and carrier advancement scheme      

Flat organization structure      

 

Vendor development and network: 

Description Level of agreement 
1 2 3 4 5 

Extent to which long term relationships is offered to suppliers       

Timely payment to suppliers      

Avoiding non-reliable  suppliers        

Vendor rating based on cost      

Vendor rating based on quality      

Reliability on core supplier group      
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       Performance measurement: 

Description Level of agreement 
1 2 3 4 5 

Key processes are regularly measured for out put      

Key processes are regularly controlled and audited       

Have a system to measure performance of manufacturing 

equipment 

     

Effective performance appraisal system for employees      

Use of seven quality tools for quality assessment      

 

Customers focus and involvement: 

Description Level of agreement 
1 2 3 4 5 

Have a good customers feedback system      

Regular meeting with customers       

 Corrective and positive response to customer feedback      

Participation in marketing efforts by customers      

On time delivery      

 

 Which are expected performance outcome by implementing Lean Six Sigma in small and medium 

scale automobile and allied industries? 

 

Quality aspects: 

Description Level of agreement 
1 2 3 4 5 

Reduction in rework      

Reduction in rejection rate      

Increased recognisation by quality standardization institutions         

Improved performance of product      
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Cost aspects: 

Description Level of agreement 
1 2 3 4 5 

Lower production cost per unit      

Lower maintenance cost      

Reduced work in progress      

Reduced wastage      

 

Financial performance aspects: 

Description Level of agreement 

1 2 3 4 5 

Increased profit margin      

Increased turn over      

Reduced cost of quality      

Reduced cost of borrowing (loans)      

 

Productivity aspects: 

Description Level of agreement 

1 2 3 4 5 

Higher machine productivity      

Higher process productivity      

Higher human productivity      

Higher overall productivity      

 

Customer satisfaction aspects: 

Description Level of agreement 

1 2 3 4 5 

Increased number of repeat customers      

Reduced customer complains      

Getting new customers based on recommendation from existing 

customers 

     

Overall improvement in customer satisfaction      
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Flexibility aspects : 

Description Level of agreement 

1 2 3 4 5 

Better response to specification change from customers      

Better response to volume change      

Better response to change in delivery schedule      

Better response to change in business environment       

 

 According to your view which are the important barriers for lean six sigma implementation in 

small and medium scale automobile and allied industries ? 

Description Level of agreement 

1 2 3 4 5 

Insufficient training       

Poor understanding of L.S.S. tools and methodology      

Resistance to change      

Conflict with other quality management system      

Lack of idea generation / innovation      

Fewer successful implementation in surrounding cluster       

Recessation and lack of fund      

Shortage of L.S.S. experts      

Longer implementation phase for L.S.S.      

Technology based barriers       

Cultural changes      

Family owned business      

Work pressure and scarcity of time      

 

 Please give your comments / suggestion for successful implementation of Lean Six Sigma in the 

small and medium scale automobile and allied industries. 
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Inspection formats 

INPROCESS INSPECTION REPORT 
Name of Component : Casing Rear Axel Differential LH 

Drawing No. : D-
11742750/AA 

Material : S G IRON Date :  

Shift : First / Second Set Up : 1st Machine Name & No. : 

NO Parameters  
Specification & 

Tolerance 
Measuring 
Instrument 

          

  

1 Visual Inspection  
Free from Cracks, 
Blow Holes, Other 

Casting Defects 
Visually           

  

2 O.D 
115.5(-0.005 to -

0.035)  Micrometer             

3 O.D 121.5 + 0.2 Vernier Caliper             

4 Speare Dia 85.6 + 0.1 Vernier Caliper             

5 Bore 74.0 + 0.2 Inside Caliper             

6 Bore 48.00+0.039 Bore Gauge             

7 Depth 4.5 + 0.2 Height Gauge             

8 Depth 33.2 to 33.3 Height Gauge             

9 Depth 17.5 + 0.2 Height Gauge             

10 RA Face 1.6 Max  RA Tester             

11 RAØ48 1.6 Max  RA Tester             

12 Height 47.0 + 0.5 Height Gauge             

13 Height 85.0 + 0.5 Height Gauge             
No
. Spe. & Tolerance                    

1 Visually                   

2 
115.5(-0.005 to -
0.035)                    

3 121.5 + 0.2                   

4 85.6 + 0.1                   

5 74.0 + 0.2                   

6 48.00+0.039                   

7 4.5 + 0.2                   

8 33.2 to 33.3                   

9 17.5 + 0.2                   

10 1.6 Max                    

11 1.6 Max                    

12 47.0 + 0.5                   

13 85.0 + 0.5                   
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No Spe. & Tolerance                    
1 Visually                   

2 
115.5(-0.005 to -
0.035)                    

3 121.5 + 0.2                   

4 85.6 + 0.1                   

5 74.0 + 0.2                   

6 48.00+0.039                   

7 4.5 + 0.2                   

8 33.2 to 33.3                   

9 17.5 + 0.2                   

10 1.6 Max                    

11 1.6 Max                    

12 47.0 + 0.5                   

13 85.0 + 0.5                   

Any Note:  
  

Total Production Nos. : Casting Rejection Nos. : 
M/C Rej. 
Nos.: 

Note : First Pcs is Set Up Approval 

Operator Name & Sign : Supervisor SIGN: 
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5S Score Card  
    Q Evaluations elimination 1 2 3 4 5 

Sorting 

Keep 
only 

what is 
needed 

1 
Necessary items are Sorting from those that are 
unnecessary            

2 Discharge area is defined            

3 Unwanted items are moved to discharge area            

4 
Evidence of regular sorting exists. If a red Tag area 
exists, it is clearly marked & schedule for movement            

5 
All excessive documentation and supply inventory has 
eliminated            

Set in 
order 

Arrange 
and 

indentify 
for ease 
of use 

1 
Item are organized to permit easy access to material and 
tool           

2 Proper position of tool, material & objects            

3 Material or object are in there designated position            

4 A system is in place with label and colour code           

5 F.G. are well organized and labeled           

Shine 

Manage 
at a 

glance, a 
visual 
sleep 

1 
Rolls, tools jigs & fixtures are well maintained and 
clean.            

2 
walls floors, shipping docks, conveyance equipment are 
shiny clean            

3 Action have been developed to remove source of wastes            

4 
It is visually obvious what items are ready for work, 
what items are in work, what items are finished.            

5 
Due to the use visual control method, it is easy to 
distinguish what belongs in the area and what does not.            

Standard
ization 

Eliminate 
variation, 

make 
standards 
obvious 

1 Standards are set and followed           

2 
Cleaning and checking are completed as per a control 
checklist           

3 
There is a evidence of a standard process for each 
document/work product            

4 
Visual control are consistent in appearance throughout 
work area.           

5 

Control minimize the work to require d to maintain the 
first 3Ss by ensuring waste cannot be accumulated 
overtime           

Sustaini
ng 

Maintain 
improve
ment & 
look for 

opportuni
ties to 

improve 

1 
Internal audits are performed by scheduled interval & are 
on time           

2 
External audits are performed by scheduled interval & 
are on time            

3 
5S audit score are displayed in work area and 
communication regularly           

4 
It's apparent that standard work, cleaning checklist, etc. 
are strictly followed            
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FIRST PCS APPROVAL REPORT 

Name Of Component : Brake Drum-BD09 Drawing No. : SC924 

Material : FG - 260 CI Date 

Shift : First / Second 

Set Up : 

1st Machine Name & No. 

Sr Parameters 
Specification 

& Tolerance 

Measuring 

Instruments 

Set Up : 1st 

Remarks 1 

Piece 
2 3 4 

1 

Visual 

Inspection 

Free from 

cracks, blow 

holes, other 

casting defects 

Visual           

2 O.D 250. +  0.1 
Vernier 

Caliper            

3 Bore 
107.00 to 

107.20 
Snap Gauge 

          

4 Brake Size 
225.00 to 

225.00 
Snap Gauge 

          

5 Total Height 86.7 + 0.5 Height Gauge           

6 Depth 60.0 + 0.1 Height Gauge           

7 Depth 76.0 + 0.1 Height Gauge           

  

FIRST SAMPLE Approved :   
Not 

Approved 
    

Note: First Piece Set Up Approval When New Setting, M/c Rectification After Breakdown, 

Tool Change, Casting Batch Change, Operator Change.  

Operator Name & Sign : Supervisor Sign: 
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ON JOB INSPECTION REPORT 

Machine No. & Name 

CNC 
Date: 

Product Name & Drawing No. :R B D S 

2 
Operator Name 

Dimension 

Specification 8:
30

-9
:3

0 

9:
30

-1
0:

30
 

10
:3

0-
11

:3
0 

11
:3

0-
12

:3
0 

1:
00

-2
:0

0 

2:
00

-3
:0

0 

3:
00

-4
:0

0 

4:
00

-5
:0

0 

5:
00

-6
:0

0 

6:
00

-7
:0

0 

7:
00

-8
:0

0 

S
up

. S
ig

n 

Q
.C

. S
ig

n 

S
IG

N
 

BORE:61.1/61.4                             

B.D. : 24.7/24.9                             

BORE:199.4/199.

7 
  

                          

F.G.OD 

:218.9/219.1 
  

                          

GROOVE 

DEPTH :6.8/7.1 
  

                          

T/H : 73.85/74.15                             

T/H : 67.0 + 0.1                             

T/H :66.0 + 0.1                             

O.D. :226.0 + 0.1                             

Machine No. & Name 

CNC   

Product Name & Drawing No. 

:CASING REAR AX.LH S - 1 Operator Name 

Dimension 

Specification 

8:
30

-9
:3

0 

9:
30

-1
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OD - 174.50 

+0.15 V.C 
  

                          

ID - 167.0 + 

0.063 GAUGE 
  

                          

BORE - 54.1 + 

0.046 B.G. 
  

                          

DEPTH - 38.13 + 

0.1 H.G 
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DIA - 109.6 + 0.1 

V.C 
  

                          

T/H - 115.0 - 0.5 

H.G 
  

                          

ID - 97.0 + 0.15 

GAUGE 
  

                          

BORE RA - 1.6 

MEX Ra 

TESTER 

  

                          

FACE RA - 

1.6MEX Ra 

TESTER 
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INSPECTION REPORT 
Customer Name :  Date :  

Part Number : D-10599760 
Part Name : Housing Assy. Main Gear 
Shift 

Sr. 
No
. 

Parameter 
Specification 

With Tolerance 
Instrument Used  

Actual 
Observation Remarks  

(Ok/Not Ok) 1 2 3 4 5 

1 Bore Ø23.00 + 0.021 Bore Gauge           Ok 

2 Height 128.35 + 0.10 Height Gauge           Ok 

3 Depth 31.00 + 0.20             Ok 

4 I.D. Ø40.0 + 0.2             Ok 

5 Depth 18.0 + 0.2             Ok 

6 Distance 27075 + 0.20 Height Gauge           Ok 

7 O.D. Ø75.0 + 0.2 Vernier Caliper            Ok 

8 Groove O.D. Ø68.0 + 0.2 Vernier Caliper           Ok 

9 I.D. 37.87 Min             Ok 

10 Depth 27.0 + 0.2 Vernier Caliper           Ok 

11 I.D. Ø32. + 0.2 Vernier Caliper           Ok 

12 P. C. D. 78.00 + 0.15 Vernier Caliper           Ok 

13 
Dowel Hole 

10.0(+0.05 to 
0.08) Bore Gauge           Ok 

14 
Thread X 2 M10 X 1.5 

Thread Plug 
Gauge           Ok 

15 Hole X 5 11.0 + 0.2 Vernier Caliper           Ok 

16 
Thread X 6 M6 X 1.0 

Thread Plug 
Gauge           Ok 

17 Drill Depth 12 Vernier Caliper           Ok 

18 
Tapping 
Depth 

9 
Vernier Caliper/ 
Bolt           Ok 

19 
Thread X 2 M8 X 1.25 

Thread Plug 
Gauge           Ok 

20 Drill Depth 21             Ok 

21 
Tapping 
Depth 

18 
            Ok 

22 P. C. D. 54.00 + 0.15             Ok 

23 Height 229.0 + 0.2 Height Gauge           Ok 

24 O.D. 30.2 + 0.2 Micrometer           Ok 

25 Depth 11.55 + 0.1 Height Gauge           Ok 

26 O.D. 36.0 + 0.1 Micrometer           Ok 

27 Depth 40.0 + 0.1 Height Gauge           Ok 

Remarks: 

Inspected By :  Approved By :  
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