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1. Title of the thesis and abstract 

Title: 

Implementing Lean Six Sigma Methodology for Automobile and Allied Industries to Enhance 

Quality and Cost Effectiveness 

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 automotieve 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 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.  
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Date was collected from field experts, academicians and LSS practitioner. Important guideline 
was prepared for implementation of LSS in the targeted group of industries. Important LSS tools 
were implemented in selected small scale automotive manufacturing unit. Notable reduction in 
rejection rate and cost of rejection were achieved. 
 

2. A brief description on the state of the art of the research topic  
 
Lean six sigma is implemented in many large automobile companied there is still less 
documented evidence of implementation in smaller auto ancillaries. This is because there exists 
some strong impending factors / barriers against implementation of lean six sigma in smaller 
auto ancillaries. It is need of time to identify and investigate these critical success factors and 
impending factors for this group of companies. 

India is a major producer of automotive and automobile components. The government’s ‘Make 
in India’ initiative has created numerous opportunities for small and medium-scale auto 
ancillaries in India. The automotive mission plan 2026 (AMP 2026) will help the Indian 
automotive industry to focus on its strength and improve its competitiveness. India has an annual 
producing target of Rs.1889500 by 2026. India could stand first in the world in the 
production/sale of small cars, two-wheelers, three-wheelers, tractors, and buses, 3rd in passenger 
vehicles and heavy trucks all adding 12% contribution to the national GDP. A large number of 
automotive component SMEs are established in India in the last 3 decades. These manufacturing 
units produce automotive components for domestic and export markets. 
 
Recession in automotive sectors, shift towards electrical vehicles and environmental regulations 
have brought a hard time for these manufacturers. According to a recent survey, 34% of such 
manufacturing units in Vadodara and Rajkot are planning to shift to other businesses. Lean six 
sigma are proven change method to improve quality and cost-effectiveness in manufacturing 
plants and the service sector. It has brought miracles for the same sinking ships. The present 
research was carried out to examine the suitable tools (practices), barriers, and expected 
outcomes of implementing lean and six sigma in automotive component SMEs. Some 
researchers key founds are given here. 
 
Richard E. White et al.[1] carried out an investigative survey to find out differences in 
implementation of JIT in small scale and large scale U.S. manufactures. A questionnaire was 
prepared addressing implementation status and change in performance of JIT practices. The 
questionnaire was validated by panel of JIT experts of association for manufacturing excellence. 
The questionnaire was sent to 454 respondents, 174 small manufacturers and 280 large 
manufacturers. Rachana Shah and Peter T Ward[2] conducted research to investigate the 
effect of plant age, plant size and union on Lean manufacturing implementation. A structured 
questionnaire designed by experts was sent to 1757 respondents of various manufacturing firms 
of U.S. The questionnaire focused large v/s small plants and old v/s new plants. Plants having 
employs more than 1000 considered as large plants; 250-999 employs medium plant and less 
than 250 employs small plants. Plants older than 20 years considered as old plants; 10-20 years 



Implementing Lean Six Sigma Methodology for Automobile and Allied Industries to Enhance Quality and Cost Effectiveness 

4 
 

adolescent plant and plant and less than 10 years new plant. Empirically validation was carried 
out for four bundles (a) Total Quality management (b) Total preventive management (c) Human 
Resource management and (d) Just in time. Jiju Antony et al.[3] carried out research to examine 
various benefits, critical success factors and hurdles for implementing six sigma in UK based 
small and medium sized industries. A questionnaire survey was prepared by black belt, green 
belt and yellow belt experts. The survey was sent to 400 SMEs of chemical, plastic automotive, 
aerospace, electronics, mechanical food and pharmaceutical sectors. M. Kumar et al.[4] carried 
out a project to implement Lean six sigma in an Indian die casting unit which is engaged in 
designing and manufacturing different types of precision machine parts. The major objectives 
were to reduce the crack propagations in final product, reduce machine down time to reduce 
process inventory to improve customer satisfaction and to increase profit margin of company. As 
a result of optimization 12% rise in casting density was achieved. Scientific total productive 
maintenance was implemented to reduce down time and increase machine performance. State 
map was modified to achieve better usage of equipments. Defect rate was reduced from 0.18% to 
0.0068% process standard deviation was reduced from 0.069 to 0.0059. Pius Acharya et al.[5] 
worked to present important critical success factors and major barriers for lean implementation 
in SMEs. The important objectives of the research were to explore the operational and functional 
aspects of SMEs in order to locate cost centers, explore dimensions of lean manufacturing within 
SMEs and to explore critical factors for lean implementation in SMEs. The research was based 
on literature survey and case study of 10 large scale company and 30 SMEs of U.K.  Salaheldin 
Ismail[6] carried out research to investigate critical success factors for TQM implementation in 
small and medium scale enterprises of Qutar. K. Jeyaraman and Leam Kee Teo[7] investigated 
critical success factors for Lean Six Sigma implementation and its significance in multinational 
electronic manufacturing services industries.Alessandro Brun[8] carried out research to 
investigate weather Italian companies have same CSFs for Six Sigma implementation as defined 
by international literature. Author conducted extensive literature survey of more than 100 
research paper and 96 books. Alessandro Laureani and Jiju Antony[9] conducted a very 
important research focused on critical success factors and other functional aspects of Lean six 
sigma. Critical success factors refers to those aspects which are important for successful 
implementation of continuous improvement methods and change methods. The methodology for 
research had two parts.  Darshak A. Desai et al[10] conducted extensive research to investigate 
the critical success factors for six sigma implementation in Indian industries. The macro 
objective was to identify the overall critical success factors for six sigma implementation in 
Indian industries. The micro objective was to analyze if the critical success factor varies with 
sector and size of industry or not. The research included different sizes and sectors of Indian 
industries. Authentic database was used to locate the industries of manufacturing, pharma, I.T. 
sector etc. 

W. Timans et al.[11] conducted research to investigate and analyze critical success factors, tools 
and impending factors for Lean six sigma implementation in small and medium sized 
manufacturing enterprises in the Netherlands. Graham Manville et al.[12] carried out research 
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to evaluate critical success factors and their impact by middle management view.Nurul Fadly 
Habidin and Shari Mohd Yusof[13] conducted research study to explore important critical 
success factors for Malasiyan automotive manufacturer. Dag Naslund[14] carried out research to 
review critical success factors  for Lean six sigma and compare critical success factors of lean six 
sigma with other change methods. Ioannis Belekoukias et al.[15] carried out research to 
investigate impact of various lean methods on operational performance (Quality, cost, 
Flexibility, speed and Dependability). Impact of five essential lean methods JIT, automation, 
kaizen, TPM and value stream mapping was investigated. Torbjorn H. Netland[16] carried out 
an important research work focusing efect of contingencies on critical success factors for lean 
implementation. According to contingencies theory critical success factors are not universal for 
all companies but it may very contigent to some aspects (company size, stage of implementation 
etc...). V. Raja Sreedharam et al.[17] conducted empirical assessment of Lean six sigma 
awareness in manufacturing industries. The objective of this work was to investigate lean six 
sigma awareness in industries and to investigate important hypothesis for lean six sigma 
implementation. Anass  Cherrafi et al.[18] carried out research to emphasize future research 
direction in the field of lean six sigma and sustainability. The objective of the research was to 
identify and evaluate integration of lean six sigma and sustainability. V. Raja Sredhram and R. 
Raju[19] conducted literature review about lean six sigma implementation for different 
Industries. The objective of the work was to explore various aspects of lean six sigma 
implementation; identifying research gap and to guide future researches. Gunjan  Yadav and 
Tushar Desai[20] carried out research to identify and prioritize major barriers for implementing 
Lean six sigma. The rankings of indentified barriers will be helpful to managers to decide 
strategies to overcome these barriers and effective implementation of Lean six sigma. N. N. 
Kader Ali et al.[21] carried out research to investigate impact of various critical success factors 
on different operational quality parameters in Malesiya. A structured questionary survey was 
carried out which covered 119 Lean six sigma practitioners in manufacturing companies of 
Malesiya. Fairul Anwar Abu Bakar et al.[22] carried out research study to review critical 
success factors  for lean six sigma and to conclude important critical success factors. Manisha 
Lande et al.[23] carried out research to evaluate important critical success factors for lean six 
sigma implementation in SMES. The other important objective of the work was to guide 
researchers to select appropriate set of critical success factors.A. J. Thomas et al.[24] carried out 
project to implement lean six sigma and to overcome challenges in an aerospace company. The 
company is a leading manufacturing company in the field of aerospace, manufacturing internal 
frames and structures. Michael Gnanaraj et al.[25] carried out a project to implement Lean six 
sigma in a heavy cast iron frame manufacturing company. The main objectives were to improve 
cost effectiveness and reduce rejection rate. Jessica Galdino de Freitas et al.[26] carried out 
research to investigate the influence of lean six sigma on performance of organizations. 396 
scopus based records were studied which were published by Elsevier, Emerald, Springer and 
Taylor and Francis . Out of all 53% research records were case studies, 39% were survey based. 
Alireza Shokri[27] carried out quantitative analysis of six sigma, lean and lean six sigma 
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research publications in two decades. Gunjan Yadav et al.[28] carried out research in the field 
of hybrid framework for lean six sigma implementation. The objective of the work was to 
identify and prioritize the major barriers and solutions for the implementation of lean six sigma.  

The outcome of Literature Review 

 Management of small and medium-scale industries are not much interested to implement 
LSS. 

 Older companies are less inclined towards the implementation of LSS. 

 Most of the research about LSS is done in developed countries. 

A combined approach of literature review and structured questionnaires survey was adopted. 
Research and papers related to standard journals. A survey questionnaire was designed in 
consultation with experts who have experience in implementing lean, six sigma in various tools, 
barriers, critical success factors, and expected performance outcomes. Total of 90 experts having 
experience in implementing, training, and analyzing lean six sigma implementation participated 
in the survey. Suitable tools, barriers, and expected performance outcomes for implementing lean 
six sigma in automotive SMEs were derived.  

 
On examining the theoretical aspects of LSS through the conduct of a literature review, it was 
discernable that the practical implementation of LSS in every sector is to be carried out by 
following unique models. As no research on implementing LSS in an automobile is yet to be 
reported in the literature arena, a model facilitating the implementation of LSS in the automobile 
industrial sector is yet to be contributed by the researchers. Obviously, due to this reason, the 
researchers have not examined the implications of practically implementing LSS in an 
automobile. In this background, a model facilitating the implementation of LSS in an automobile 
was considered a secondary problem of the doctoral work reported in this thesis. To overcome 
these problems the doctorate work reported in this thesis was carried out. 
 
3. Definition of the Problem  

1. Small and medium scale manufacturing units are less inclined to implementation Lean, 
six sigma and other change methods  

2. Older plants are less in dined to implementation of change methods 
3. Most of the research work in the field of lean Six Sigma implementation has been carried 

out is western developed countries. 
4. There is need to carry out research to implement Lean Six Sigma methodology for 

Automobile and Allied Industries. 
5. There is need to investigate important critical success factors, performance outcome 

factors, impending factors and important LSS tools for the selected group of 
manufacturing unit. 

4. Objective and Scope of work  
1. To derive important critical success factors and performance outcome factors for LSS   

implementation in small and medium scale automobile and allied industries  
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2. To develop SEM model based on questionnaire survey for investigation of 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 guide line of LSS implementation for targeted industries by collecting 
feedback from experts.  

5. To implement important LSS tools for selected small and medium scale automobile  
6. To identify important attributes of small and medium scale automobile manufacturing 

units. 
 

5. Original contribution by the thesis 
1. Conducted a literature survey and identified a research problem, Critical success factors 

and impending factors which are reflected in the research paper published in Materials 
Today: Proceedings, Elsevier publication. 
 

2. Development of CFA Model for Performance Outcomes with Co-Variance, CFA Model 
for critical success factors with Co-Variance and Structural Equation Modeling for Lean 
Manufacturing Practice. This work is presented in the research paper published in Design 
Engineering. 
 

3. Practically implemented the lean six sigma in automotive industry of Gujarat. This work 
is published as research paper in International journal supported by publication in 
International Journal of Mechanical Engineering 
 

6. The methodology of Research, Results / Comparisons  
 Identify CSFs based on literature review and expert view. 
 Visit/communicate with expert. 
 Framing the questionnaire 
 Correction/modification of questionnaire 
 Data collection based on questionnaire 
 Data processing by using SPSS 
 Preparation of Model 
 Validation 
 Implementation  

 
6.1 Result & Discussion 
 
In this thesis, research was done by developing a CFA Model for Performance Outcomes with 
Co-Variance, CFA Model for critical success factors with Co-Variance, and Structural Equation 
Modeling for Lean six sigma (LSS) manufacturing practice. 
 
6.1.1Confirmatory Factor Analysis: Performance Outcome Factor 

The Model under Study: 

 The model of the Performance Measurement Factors has 6 factors, as indicated by the 
ellipses 
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 Observed variables are represented by rectangles. 

 The observed variables load on the factors in the given pattern 

 Each observed variable loads on one and only one factor 

 Errors of measurement associated with each observed variable are also shown in fig: 3 

 

Fig 1: CFA Model for Performance Outcomes with Co-Variance 

Table 1: Model fit summary 

1. Absolute fit measures 
Test Recommend Value Model under study 
χ2 p>0.5  P=0.000 
CMIN/DF <5 2.939 
RMSEA <0.10 0.096 
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2. Relative fit measures 
Test Recommend Value Model under study 
CFI >0.95 0.969 
NFI >0.90 0.988 
RFI >0.90 0.976 
IFI >0.90 0.984 

3. Parsimonious fit measures 
Test Recommend Value Model under study 
PCFI  >0.50 0.729 
PNFI >0.50 0.665 

 

6.1.2 Confirmatory Factor Analysis: Critical success factors 

The Model under Study: 

 The model of the critical success factors has 11 factors, as indicated by the ellipses. 

 There are 58 observed variables, as indicated by the 58 rectangles. 

 The observed variables load on the factors in the given pattern. 

 Each observed variable loads on one and only one factor. 
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Fig 2: CFA Model for critical success factors with Co-Variance 
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Table 2: Model fit summary 

1. Absolute fit measures 
Test Recommend Value Model under study 
χ2 p>0.5  P=0.000 
CMIN/DF <5 2.626 
RMSEA <0.10 0.088 

2. Relative fit measures 
Test Recommend Value Model under study 
CFI >0.95 0.990 
NFI >0.90 0.983 
RFI >0.90 0.926 
IFI >0.90 0.911 

3. Parsimonious fit measures 
Test Recommend Value Model under study 
PCFI  >0.50 0.532 
PNFI >0.50 0.635 
 

6.1.3. Final structure equation model 

The model under study 

 The model of the Lean six sigma (LSS) manufacturing practices has 18 factors, as 
indicated by the ellipses.   

 There are 84 observed variables, as indicated by the 84 rectangles. 

 The observed variables load on the factors in the given pattern: 

 Each observed variable loads on one and only one factor. 

 Errors of measurement associated with each observed variable are also shown in 
Figure. 

 To identify the impact of critical success factors of lean six sigma on performance 
outcome. 

Table 3: Model fit summary 

4. Absolute fit measures 
Test Recommend Value Model under study 
χ2 p>0.5  P=0.000 
CMIN/DF <5 2.609 
RMSEA <0.10 0.088 

5. Relative fit measures 
Test Recommend Value Model under study 
CFI >0.95 0.967 
NFI >0.90 0.963 
RFI >0.90 0.916 
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IFI >0.90 0.980 
6. Parsimonious fit measures 

Test Recommend Value Model under study 
PCFI  >0.50 0.635 
PNFI >0.50 0.538 
 

The Final Lean efficiency model was evaluated using the structural equation modeling. SEM was 
used to test the assumptions formed on the basis of the proposed model. The Assessment Model 
demonstrates sufficient fitness. Estimates of the route were loaded high on each constructs. Build 
validity was also used in the same way. The structural model was also checked for fitness and the 
inference was reached on the basis of the route estimates.  The chi-square and t-test were 
followed to test the conclusion on the value of abilities and knowledge.
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Fig 3: Structural Equation Modeling for Lean Manufacturing Practice. 



 
 

6.1.4  Hypothesis testing 

Table 4: 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 
Infrastructure 

-.034 .040 -.861 .389 
 

Cost < Performance assessment .225 .079 2.856 *** Supported 

Cost < Customer focus .283 .080 3.522 *** Supported 

Cost < HR Rewards .028 .034 .824 .410 
 

Cost < Employeeinvolvement .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 < Culturechange .047 .027 1.755 .079 
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Dependent factor Independent factor Estimate S.E. C.R. P Label 

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 involvement .137 .062 2.212 *** Supported 

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 
 

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 
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Dependent factor Independent factor Estimate S.E. C.R. P Label 

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 performance < Employee involvement .136 .082 1.652 .099 
 

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 
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6.1.5 Validation through ANN model  

Table 5: SEM output V/S ANN output (hypothesis testing) 

Sr. 
NO 

Hypothesis 
SEM 

Output 
ANN 

Output 
Sr. 
NO 

Hypothesis 
SEM 

Output 
ANN 

Output 

1 
Culture 
Change > > 
>Quality 

Strong Strong 12 
 Customer 
Focus> > 
>Productivity 

Strong Strong 

2 
LSS Training  
> > >Quality 

Strong Strong 13 
Employee 
involvement > 
> >Quality 

Strong Weak  

3 
 Customer 
Focus> > 
>Quality 

Strong Strong 14 

Management 
Commitment  
> > >Customer 
Satisfaction 

Strong Strong 

4 
HR Rewards  
> > >Quality 

Strong Weak  15 

Performance 
Assessment > 
> >Customer 
Satisfaction 

Strong Strong 

5 
Management 
Commitment  
> > >Cost 

Strong Strong 16 
Employee 
Involvement  > 
> >Flexibility 

Strong Weak  

6 
Project 
Prioritization  
> > >Cost 

Strong Strong 17 
 Customer 
Focus> > 
>Flexibility 

Strong Strong 

7 
Performance 
Assessment > 
> >Cost 

Strong Strong 18 
Performance 
Assessment > 
> >Flexibility 

Strong Strong 

8 
 Customer 
Focus> > 
>Cost 

Strong Strong 19 
 Culture 
Change> > 
>Flexibility 

Strong Strong 

9 

Management 
Commitment 
> > 
>Productivity 

Strong Strong 20 

Management 
Commitment > 
> >Financial 
Performance 

Strong Strong 

10 

 Organization 
Infrastructure> 
> 
>Productivity 

Strong Weak 21 

 Organization 
Infrastructure> 
> >Financial 
Performance 

Strong Strong 

11 

Performance 
Assessment > 
> 
>Productivity 

Strong Strong 22 

 Customer 
Focus> > 
>Financial 
Performance 

Strong Strong 
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6.2 Key points of Results 
 

(1) The derived critical success factors for the targeted group of industries are; management 

commitment, LSS training. Project prioritization, Organizational infrastructure, culture 

change, Linking LSS to business strategy, Outsourcing, H.R reward system, involvement 

of all levels of employ, vendor development and network, customer focus and 

commitment. 

(2) important lean tools : 5S, Kaizen, standardization of operations, VSM, quality control, 

Quality circle and TPM  

(3) Important six sigma tools: cause effect analysis, brain storming PDCA, SAC chart failure 

mode effect analysis, histograms, and process flow charts. 

(4) SEM was developed using SPSS Software SEM represents co-relation between critical 

success factors and performance outcome factors. It was derived that customer focus is 

the most important critical success factor having strong impact on quality, cost, 

productivity, Customer satisfaction, flexibility and financial performance Management 

Commitment is the second important critical success factor having strong impact on cost, 

productivity, customer satisfaction and financial performance. 

(5) Guideline prepared for implementation of LSS in small and medium scale automotive 

manufacturing units, as a result of feedback received from experts. 

(6) Important lean tools and Six Sigma tools were implemented in selected small scale 

automotive component manufacturing units. Rejection rate and cost of rejection were 

reduced as the result of implementation of LSS tools. 

 

7. 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. 

8. Conclusion   
 
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. 

2. Important performance outcome factors are quality aspects, cost aspects, and financial 

performance aspects. Productivity aspects, customer Satisfaction aspects, and flexibility 

aspects. 

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. 

4. Important Lean tools for the selected group of manufacturing units are 5S, kaizen, 

standardization of operation, VSM, and quality circle important six sigma tools are cause-

effect analysis, brainstorming, PDCA, histogram, and process flow Chart. 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. 

5. Lean Six Sigma tools can be implemented for small and medium-scale automobile 

manufacturing units to achieve quality improvement and cost reduction. Teamwork and a 

customized approach to the implementation of LSS tools can lead to successful 
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implementation. Implementation programmer, methodology, and LSS tools should be 

designed jointly by all stockholders. 

6. Important characteristics of small and medium-scale automobile industries are 

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. 

9. Publications detail 
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1 Critical success factors and 
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