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Lecture — 01
Brif Overview of the Course

Hello friends, | am Doctor Jitesh Thakkar from Department of Industrial and Systems
Engineering, Indian Institute of Technology, Kharagpur. | welcome you to the very first
lecture of our Six Sigma journey. And this lecture is extremely important because | will
give you the brief overview of the course and the complete blue print that we will try to
cover in the next say 62 lectures. So, please try to appreciate the overall contained and
how we will move ahead, and what are some of the important issues in executing this

particular course.
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I would like to share my profile so that you can appreciate the kind of work | am doing

and for any query or collaboration you can easily approach me.

So, | am Doctor Jitesh J Thakkar with Department of Industrial and Systems
Engineering, T, Kharagpur. My education includes PhD in Supply Chain Management
from 1T, Delhi; M.Tech in Industrial Engineering from IIT, Delhi and I did my B.E in
Mechanical Engineering with gold medal from the Oldest Government Engineering
College, Birla Vishvakarma Mahavidyalaya Sardar Patel University located in Vallabh
Vidyanagar, Gujarat.



My areas of expertise include six sigma, project management, supply chain sustainability
and service operations management. You can see my CV and the various details related
to my work. At this particular link you can also visit the Google scholar, and you can
access my all the publications. You can also see the publication which is relevant to you
specific to your industry and mainly | have worked with the case study approach and this
would really be beneficial to industry professionals and university students. You can also
see the papers which are receiving good citations and you can download it, and refer it
for your own understanding or the application.

So, this is a little bit about myself. | would also be happy to share my publication profile.
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Journal

Journal of Cleaner Production 5.651
International Journal of Production Economics 4.407
Expert Systems with Applications 3.768
Computers & Industrial Engineering 3.195
Resources Policy 2.695
International Journal of Production Research 2.623
International Journal of Advanced Manufacturing Technology 2,601
Production Planning and Control 2.369
Journal of Manufacturing Technology Management 2.194
Operational Research 1.816
International Journal of Logistics Management 1.776
Asia Pacific Journal of Marketing and Logistics 1.204
International Journal of Quality and Reliability Management ESCI
International Journal of Productivity and Performance ESCI
Management

In last 15 years | tried to contribute and publish my research in the various leading
journals of operations management, and the research papers have been published in
journal of cleaner production with SCI impact factor 5.651. International journal of
production economics with SCI impact factor 4.407. Expert system with application with
SCI impact factor 3.768. Then computers and industrial engineering, resources policy,
international journal of production research, international journal of advanced
manufacturing technology, production planning and control, journal of manufacturing
technology management, operations research, international journal of logistics

management, Asia pacific journal of marketing and logistics, international journal of



quality and reliability management, and international journal of productivity and

performance management.

| do extend my services as a editorial board member for three journals, one is
international journal of productivity and performance management, second is
international journal of quality and reliability management, and international journal of

lean six sigma.
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I would also like to share the various areas | have address through my research with a

more practical orientation case study based orientation, and as a researcher | could

evolve in terms of my number of publication in last say 12 to 13 years in this way.

So, | have ensured my research productivity with the very good students | get at IIT,
Kharagpur. | worked in the various disciplines supply chain sustainability 21 papers are
published, lean six sigma and performance measurement 14 papers are published,
scheduling 5, service operations management 4, risk management 5 and project
management 3, E-business 2. So, discipline wise also | have classified my research. If I
look at the industry then | have specifically published 19 papers for manufacturing
industry, SMEs 14, agriculture 5, infrastructure 4, automotive 3, education 3, healthcare

1, petroleum 1 and research and development 2.



So, | tried to diversify my research in terms of the discipline of OM operations
management as well as in terms of see various industry segment so that | can really get a
depth into the critical issues specific to different industry. | have also used the
methodologies to tackle the different kind of problems and you will find that my 21
papers they are based on multi criteria decision making like AHP, ANP, VIKOR(Refer
Time: 08:16) and many others.

Optimization, integer programming and other OR tools we have used say for 12 papers
literature review and conceptual papers are very important in order to look into the
literature and develop the new researching gaps and insights. So, 6 papers were
contributed in this dimension, case study 5, innovative frameworks 4. So, you can find
couple of innovative frameworks | proposed like I 2 NOC and this framework is derived
based on the typical setting of a patient hospital and doctor. So, it is a qualitative
framework just like your sword and paste, but it has integrated those spirit of both and 1

2 NOC is proposed. So, you can review and refer this particular paper.

Another innovative framework | proposed is EBM wrap. It is again a kind of qualitative
framework to investigate the issue right at the exploratory stage and identify the various
role player’s factors important or influencing the situation. The another framework
which | proposed was say based on 4 bar linkage and this framework was proposed to
evaluate the supply chain learning for SMEs, and the idea of 4 bar linkage was borrowed

from the domain of mechanical engineering.

So, likewise | tried to be innovative in my research and couple of papers are published
and you can refer it on the Google scholar or you can find the title in my CV this
suggested link. Empirical survey free papers and simulation in system dynamics some
free papers we tried to publish. So, | hope this would help you to appreciate the overall
areas of expertise, and how I really do the research and in what way | tried to bring the
real life issues in my research and propose some frameworks for the solution as well as

the recommendations for the improvement in the company.
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I would like to discuss couple of very very important issues as a part of this lecture 1:

e

what is the course structure? You will have many questions what will be covered, how
this course will be executed, then what is the exam structure. So, right at the beginning |
am sensitizing you that what will be the course structure, what will be the exam structure
so that you have total comfort and convenience in learning this course. You will have
couple of question certification. So, this part also | will try to explain course coverage in
detail, all the lectures that we will cover phase wise | will try to cover | will try to as
represent as a part of this lecture 1.

Prerequisite for learning this course, this is very very important, if you really want to
take the outstanding advantage of this online course. You must follow the suggested
prerequisite and once you have some fundamental knowledge in that particular area
typically statistics you will really be able to appreciate this course. Lecture plan in detail,
reference books I am recommending and expectations from this course. So, let us try to
discuss all these issues one by one in a greater detail so that you are remaining journey

remains quite comfortable and you always feel like following a particular structure.
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Course Structure

* The duration of the course is 12 weeks.
+ A week will include Five/ Six lectures of 30 minutes each.

* The course is useful for Mechanical Engineering, MBA and

Industrial Engineering students.

* The professionals working in Manufacturing and Service

Industry can also be benefited through this course.

So, course structure would be like this the course will be delivered in 12 weeks, the
duration of the course is 12 weeks, every week there will be 5 or 6 lectures more or less,
the each one would be of 30 to 40 minutes. The course is useful for mechanical
engineering, MBA, industrial engineering students. And six sigma is such a methodology

that all engineering branches student can be benefited.

The professionals working in manufacturing and service industry can also be benefited
through this course and the content of this course is designed in such a way that it will
immensely benefit university student as well as industry professionals in service and

manufacturing both.
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Course Structure

+ Students will be given a weekly assignment. There will be

total 12 assignments.
+ Assignment submission deadline is 10 days.
* The worked out solution will be released after 10 days.

+ Instructor will address the queries of the students through

Google forum.

oA

Students will give be given a weekly assignment. There will be total 12 assignments.
Assignment submission dead line is 10 days and the workout solutions will be released

after 10 days. Instructor will address the queries of the students through Google forum.

So, we will have quite an interactive say platform so that we can discuss various issues

and | can help you to resolve your queries.

(Refer Slide Time: 13:29)

Exam Structure

* The exam is optional for a fee.
+ Course includes one exam at the end of the course.

* Structure of the question paper
+ Section 1: Recall type questions (20Q X 1Mark = 20 Marks)
+ Section 2: Assignment based questions [20Q X 2Mark = 40 Marks]

* Section 3: New within syllabus questions [20Q X 2Mark or 10Q X 4Mark or 8Q X SMark]

Exam structure many a times you are very much concerned so exam for this particular

course is optional, not necessary that you appear for the exam, but the exam is optional



for a fee and course includes one exam at the end of the course there will be only one
exam, if you wish to appear. The structure of the question paper would be very simple
section 1, recall type question 20 question each one would be a one mark, so that is 20
mark. So, you need to recall couple of concepts which we would be covering in this
particular course. Section 2, assignment based question, 20 question each one would be
of 2 marks, so 40 marks. So, you would be had say attempting various assignments and

based on this assignment couple of questions would be asked.

Section 3, new but within syllabus not outside the syllabus, new within syllabus
questions, 20 question each one would be of 2 mark or 10 question each one would be of
4 mark or 8 question each one would be of 5 mark. So, whatever pattern we may follow.
So, in total you will have 20 plus 40 60, plus 40 total 100 marks. So, | am making it
crystal clear that what will be the exam structure and now you can appreciate that there
would be recall type question, there would be assignment based question, there would be

some new question. But within syllabus and you can prepare likewise.
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Certification

* Final score will be calculated as : 25% assignment score + 75% final exam
score

* 25% assignment score is calculated as 25% of average of Best 8 out of 12
assignments

+ E-Certificate will be given to those who register and write the exam and
score greater than or equal to 40% final score, Certificate will have your
name, photograph and the score in the final exam with the breakup. It
will have the logos of NPTEL and IIT Kharagpur. It will be e-verifiable

at nptel.ac.in/noc.

Now, many students they have some questions that what kind of certification we will get
and typically for such kind of course, six sigma which has many professional
certifications offered by international bodies like American Society for quality ASQ, and
many others are available. So, here, so far this course is concerned final score will be

calculated as 25 percent assignments score plus 75 percent final exam score. You will be



having assignments 25 percent weightage will be given to your total score in the
assignment and 75 percent weightage will be given to the final exam. 25 percent
assignment score is calculated as 25 percent of average of best 8 out of 12. So, again we
are giving you lot of liberty. So, we will consider bast 8 out of 12 and 25 percent of that

will be considered for your final score.

E-certificate will be given to those who register and write the exam and score greater
than or equal to 40 percent. So, 40 percent is the passing mark which is quite reasonable
and certificate will have your name, will have your photograph and the score in the final
exam with the breakup. So, it will have the logo of NPTEL and IIT, Kharagpur. So, this
certificate would be issued by NPTEL with a logo of NPTEL and 1T, Kharagpur and the
complete breakup of your score would be given and minimum qualifying marks passing
marks is 40 percent.

(Refer Slide Time: 17:09)
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Course Coverage

* The course on Six-Sigma will focus on detailed strategic and operational
issues of process improvement and variation reduction.

* Six-sigma is a measure of quality that strives for near perfection.

* Itis a disciplined, data-driven approach for eliminating defects (driving
towards six standard deviations between the mean and the nearest
specification limit) in any process-from manufacturing to transactional and
from product to service.

* A Six-sigma defect is anything outside of customer specifications. To be
tagged Six Sigma, a process must not produce more than 3.4 defects per
million opportunities.

The course coverage will mainly say focus on the six sigma philosophy and ideology,
and various tools and techniques specific to six sigma which mainly targets the customer
centric approach through a systematic DMAIC cycle, D stands for define, M stands for
measure, | stands for improve, your A stands for analyze, | stands for improve and C

stands for control.

So, define measure analyze improve and control. So, there are total 5 phases which

would be dealt in detail as a part of this course.
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Course Coverage

* Six-sigma employs a systematic approach of DMAIC (Define,
Measure, Analyze, Improve and Control) for the process
improvement.

* This course will provide a detailed understanding on various
issues specific to each phase of DMAIC.

* The course is designed with a practical orientation and
includes cases, industry examples and MINITAB software
applications.

* The course is designed to satisfy the need of both industry
professionals and University students.

* The content is beneficial to both manufacturing and service
industry.

So, we will also have the application of Minitab and majority of the topics which would
be explained in a greater detail through a concept as well as example. We will also try to
say show the application of Minitab for majority of the problems so that you can easily
analyze, and you can feel extremely comfortable in taking up the six sigma project.
Specifically university students who are doing some project or the industry professionals
we have large amount of data to deal with, such kind of mini tab software can really
help. And Minitab is widely used software across the world for six sigma

implementation.

So, we will also have the application of Minitab and that would really help you to get
hold on the computation calculation and you can divot more time on the interpretation of

results.
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IMPORTANT
Prerequisite for Learning This Course

Student must acquire basic knowledge in statistics for an effective
learning of this course.

Texts Suggested for Revising Basics of Statistics

[Tm:ics to be revised: Population, Sample, Probability theory,
easures of Central Tendency and Dispersion, Probability
Distribution]

O Aczel, A, Sounderpandian, J. and Saravanan, P., Complete Business Statistics,
McGraw Hill Publication.

ODavid M. Levine, Timothy C. Krehbiel, Mark L. Berenson and P. K.
Vishwanathan, Business Statistics, Pearson Publication.

This like is very very important. Can you read the title of the slide? Important
prerequisite for learning this course, you start your day, you finish your say daily routine
activity, take breakfast get ready and then you go to school or college or your office. So,
there is a prerequisite that you need to complete this much of activity before actually

taking up your outside activity.

Same applies to this course six sigma. This course would be taken by many people with
the background of engineering or non-engineering, whatever it may be I must tell you
very clearly write at the beginning that you must satisfy some bare minimum prerequisite
otherwise as you will progress in the course and we will have some say mathematical
component you may not feel comfortable. So, right at the beginning I am questioning
you that prerequisite for learning this course is that student must have basic knowledge
in statistics, statistics for an effective learning of this course and for this I am

recommending you text for your quick revision or learning of basics of the statistics.

So, couple of topics that you need to refer from the suggested books here is population,
sample, probability theory, measures of central tendency, dispersion, probability
distribution. And the books are Aczel complete business statistics published by McGraw
Hill, David M Levine, another author’s business statistics Pearson publication. You can
purchase any one of this book it is available in Indian edition not very costly and you

must go through first 6 chapter of any of this book.



So, once again | am repeating, | am cautioning that the prerequisite for this course is the
basic knowledge in statistics and for this you must go through at least first 6 chapter of
either of this book and this books are easily available in Indian edition and the cost is not
that high. So, you must prepare yourself for this course, in order to appreciate the content
and the intricacies of the course in very great detail and the prerequisite is that you
purchase at least one of the book, and try to go through the first 6 chapter that will set the
basis for learning this course. So, | hope this is extremely clear and you would really

follow my advice.

(Refer Slide Time: 22:22)

Lecture Plan

Important Note:

The lecture plan is developed as per DMAIC cycle of Six
Sigma as per the ASQ (American Society for Quality)
internationally prescribed reference book:

T. M. Kubiak and Donald W. Benbow, The Certified Six Sigma
Black Belt Handbook, Second Edition, Pearson Publication.

Let us try to look at the lecture plan. Here | would like to share one very very important

note. The lecture plan is developed as per DMAIC cycle of six sigma as per the ASQ
American Society for Quality, internationally prescribe reference book: T. M Kubiak and
Donald W. Benbow, The Certified Six Sigma Black Belt Handbook and whatever edition

you may use second or third edition Pearson publication.

So, this syllabus is developed based on the internationally recommended and recognized
book for black belt six sigma. What is the advantage? We are following the structure and
all the topics given in this book in the total 63 lectures of this particular course and you
can be assured that if you will go through this course then you can definitely appear for
the certified exam conducted by ASQ internationally recognized professional certificate

you can obtain.



| would like to mention that in order to opt for such kind of exam conducted by ASQ
international body you need to satisfy some prerequisite and this includes at least you
should have completed two project in six sigma industry project and you must submit the
certificate and project to this body.

Once you satisfy this prerequisite, then only you can appear for the online exam
conducted by ASQ and you will get a professional black belt certificate. If you want to
first go for only green belt, then the course maybe 40 percent of this course will be good
enough. If we are going through the full course this particular online course six sigma it
will satisfy your black belt requirement and | guarantee you that you can easily clear this

exam by going through this course.

So, I wish you all the best that this course will immensely help you in getting even such
kind of say professional certification and for that you need to first prepare yourself by
going through first 6 chapters of the suggested book as a prerequisite. And step by step
attend the course, be with me and try to see that what changed it will bring in your
attitude or change it will bring in your learning capability and then you can opt for any
such kind of ASQ professional examination.

(Refer Slide Time: 25:22)
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QUALITY: FUNDAMENTALS AND KEY CONCEPTS

[Week 1 & 2]

So, let us try to go through the lecture plan which is based on this suggested book by
T.M Kubiak internationally prescribed ASQ book. So, we will first begin with the



quality fundamentals and key concepts. As you have a prerequisite organization also has

a prerequisite before they really actually implement the DMAIC cycle of six sigma.

So, we will discuss in week 1 and 2 some prerequisite necessary condition and
organization must satisfy in order to say going to the DMAIC improvement cycle. So,

we will cover quality fundamentals and key concepts in week 1 and 2.

(Refer Slide Time: 26:08)
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Lecture 1: Brief overview of
the course Expectation from the Course

Course Structure, Course Coverage, Lecture Plan, Importance of six sigma,

Lecture 2: Quality concepts | Dimensions of Quality, Role of various functions in the Organization towards

and definition Quality, Critical Challenges for Indian Organizations, Indian originations
recipient of Quality Awards
Lecture 3: History of Milestones in Quality, Evolution of Concept of Six Sigma, Integration of Concept

continuous improvement of Value with Six Sigma, Certification

Lecture 4: Six Sigma Principles | Six Sigma, Shift in Quality Paradigm, Difference between 3 Sigma and Six Sigma,
and Focus Areas (Part 1) DPMO, Calculating sigma level

Lecture 5: Six Sigma Principles | Rolled Throughput Yield (RTY), Classic Yield, First Pass Yield (FPY), Hidden
and Focus Areas (Part 2) Factory, Six Sigma roles and responsibilities

Lecture 6: Six Sigma Indian organizations doing Six Sigma, Applications of six sigma in select Indian
Applications organizations, Challenges faced by Indian Organizations, Six Sigma benefits
realized

Week 1 will help you lecture 1 brief overview of the course that we are doing right now.

Lecture 2 quality concepts and definitions given by various authors Crosby, Juran and
Ishikawa. Lecture 3, history of continuous improvement. So, we will see the how in last
100 years this journey of quality improvement took place and what were the critical

milestones.

Lecture 4, six sigma principles and focus areas, part 1 we will see the concept of six
sigma, three sigma, DPMO and the how to calculate the sigma level. Lecture 5, six sigma
principle area focus area part 2. This lecture 4 and lecture 5 are very very important that
will help you to really understand that what exactly six sigma means, how do we
calculate, and what are the critical measures. So, in part 2 we will try to see rolled
throughput vyield, classic yield, first passed yield, hidden factories, six sigma and

responsibility.



Lecture 6, six sigma applications to motivate you I will discuss couple of applications in

or in for the organizations in India and what kind of benefits they have realized.

(Refer Slide Time: 27:27)

Lecture 7: Quality Management:
Basics and Key Concepts

Imperatives of Quality, Learning Organization, TQM, Difference
between TQM and ISO

Lecture 8: Fundamentals of Total
Quality Management

TQM, Common messages from Quality Gurus, Deming’s Chain
Reaction, Quality Enablers, Seven basic tools of quality by Ishikawa,
Leadership

Lecture 9: Cost of quality

Quality Costs, Cost of Poor Quality (COPQ), Typical Poor Quality Costs,
Link between Quality and Profit

Lecture 10: Voice of customer

Types of customers, Types of consumer requirements, KANO Model,
ionship between VOC and the quality of consumer experiences

Lecture 11: Quality Function
Deployment (QFD)

Concurrent engineering (CE), Linkage between QFD and CE, Steps in
achieving QFD, Modes of QFD applications

Lecture 12: Management and
Planning Tools (Part 1)

Affinity diagrams (and Brainstorming), Tree diagrams, Process decision
program charts (PDPC)

Lecture 13: Management and
Planning Tools (Part 2)

Matrix Diagram, Prioritization Matrices, Activity Network Diagram,
Gantt Chart, Force Field Diagram, Benchmarking, PACE Prioritization

PPR P ABI SO

Week 2, we will have lecture seven on quality management basics and key concepts.

Lecture 8, fundamentals of TQM total quality management and the prerequisite for
implementing the six sigma. Lecture 9, cost of quality very very important, you can
never sensitize the people and management unless you measure the quality in terms of a
cost and you can have appraisal cost prevention cost internal failure cost external failure

cost and this part we will discuss in detail in lecture 9.

Lecture 10, voice of customer this is the first and foremost requirement how do you
capture the voice of customer. Lecture 11, quality function deployment a cross functional
team based approach. Lecture 12, management and planning tool we will discuss affinity
diagram tree diagram, process decision program, charts and other. And again lecture 13,

management and planning tool part 2.

So, matrix diagram, prioritization matrices, activity network, pace prioritization and
others. This say initial tools can really help us to go deeper into the problem and identify

the real causes which are responsible for a problem under investigation.

Now, we will begin from week three our DMAIC cycle and week 3 is devoted to D that

is define.
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Lecture 14; Six Sigma Six Sigma Project, Tools used in Six Sigma Projects, Voice of
Project Identification, Customer, Examples of CTS ~CTQ, Project Metrics and Success
Selection and Definition | Criteria

Lecture 15: Project Project Charter, Elements of Project Charter, Criteria for Project
Charter and Monitoring | Monitoring, Steps of Monitoring System

Lecture 16: Process Parameters in a Process, Process Flow Metrics, Process Analysis
characteristics and Tools, Process Maps and Flow Charts, Value Stream Map,
analysis Spaghetti Diagram, Circle Diagram

Lecture 17: Process SIPOC, Process Comp in SIPOC, Mapping the Process,
Mapping: SIPOC Steps to draw SIPOC

So, week 3, we will talk about lecture 14, six sigma project identification selection and
definition. Lecture 15, project charter and monitoring you need to have a blueprint
defining the role of the people and this is very very important. Lecture 16, process
characteristics and analysis, flowchart value stream map and couple of other things.
Lecture 17, a very important tool for process mapping right from the supply to customer
that is SIPOC.

Then, we will enter into the second phase of DMAIC that is measure we will cover this
phase in week 4 and week 5.



(Refer Slide Time: 29:41)

PPV Anl At

Lecture 18: Data Collection and | Variables and Measurement Scales, Data Collection Methods,

Summarization (Part 1) Population and Sampling
Lecture 19: Data Collectionand | Need of data rep ion and ion, Graphical
Summarization (Part 2) Methods, Histograms and Bar Chart, Frequency Distribution, Stem

and leaf plots, Box and Whisker Plots, Pareto Diagram

Lecture 20: Measurement Language of M P e of M Gage
systems: Fund: I RE&R and its Importance

Lecture 21: Measurement system | Properties of measurement systems, Bias and Linearity.
analysis: Gauge R&R study Measurement unit analysis. Gage R&R studies

Lecture 22: Fundamentals of Basics of Statistics, Descriptive v/s Inferential Statistics, Measures of
statistics Central Tendency and Dispersion, Shape of the Distribution,

Numerical Descriptive Measures for a Population, The Central Limit
Theorem, Random Variable

Lecture 23: Probability theory Basic concepts of Probability, Complementary Rule of Probability,
Conditional Probability, Mutually Exclusive Events, Probability
Distributions

So, week 4, we will have lectures on data collection and summarization part 1, lecture 19
data collection in summarization part 2. This is very important unless you have the data
properly collected you cannot analyze it. Lecture 20 measurement system fundamentals
and lecture 21 measurements system analysis gage, R & R study. If you have not
collected the data which is accurate and precise it follows the GIGO principal garbage in
garbage out. So, | need to have a sound measurement system and we will discuss this
part in lecture 20 and 21. Lecture 22, fundamentals of statistics, | suggested you to go
through the first six chapter of the suggested book either Aczel or Levin and we will also

try to cover, but in a quiet comprehensive manner.

Lecture 23, would be on probability theory, we will see the probability distribution and

other concepts.
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Lecture 24: Process Need of process capability analysis, Natural Process Limits, Specification Limits, Control

capability analysis: Key Limits, Natural Tolerance Limits, Short-term and Long-term process capability, Difference

Concepts between Process Performance Metrics and Process Capability Indices

Lecture 25: Process Process Capability and Capability Indices, Process Performance and Performance Indices,

capability analysis: Short-term and Long-term Capabilities, Capability Related Assumptions, Conducting a

Measures and Indices Process Capability Study, Natural Process Limits and Specification Limits, Process
Performance Metrics

Lecture 26: Process Steps to conduct process capability analysis in Minitab, Minitab Process Capability

capability analysis: Minitab | Analysis, Example with demonstration to use Minitab

Application

Lecture 27: Non-normal Process Capability Revisit, N lity, Transf ion of Non-N | Data, Process

process capability analysis | Capability Analysis for Non-Normal Data, Minitab Application

Week 5, we will talk about process capability analysis key concepts. Lecture 24, | must
see to what extent my process is capable. Lecture 25, process capability analysis
measures an indices cp, cpk, cpm, pp, ppk, ppm and other thing. Lecture 26, process
capability analysis using Minitab, so that you feel comfortable in conducting the
analysis. Lecture 27, non-normal process capability analysis, the Minitab application for

this is included in this particular lecture itself.

Then we will enter into the third phase of DMAIC and this is analyze. So, in the third
phase analyze I will divot week 6 and week 7.
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Lecture 28: Hypothesks Statistical Null and Al Type | and Type Il Errors In
testing: Fundamentals hypothesis testing, General Steps In Hyp Testing, A hes to

Testing: Approach 1: Critical Value; Approach 2: pvalue; Approach 3: Confidence
Interval

Lecture 29: Hypothesis Hypothesis testing for a Single Population Mean using - 2 statistic, t statistic, for
Testing: Single Population Test | Proportion

Lecture 30: hesk testing for paring the difference between a) The means of two
Testing: Two Population Test ! b) The ions of two independs lations; ¢) The
variances of two independent populations by testing the ratio of the two variances; d)
Dependent (Retated) Samples (Same group before vs. after treatment)

Locture 31: Hypothesis Minitab applications for a) Pooled-Varlance t Test Example; b) Comparison of two

Testing: Two Popul

Minitab Application

Lecture 32: Correlationand | Correlation analysis, Predicting the value of a dependent varlable based on an
Regression Analysis Iindependent variables, Evaluating the assumptions of regression analysis

Lecture 33: Regression Autocorrelation, Durbin-Watson statistic, The t-test and F test, Pitfalls of regression

Week 6, we will cover the lecture 28 hypothesis testing fundamentals. Lecture 29,
hypothesis testing single population, hypothesis is my claim about the population I want
to check it I want to infer it through a statistical procedure. So, lecture 29 would be for
single population, lecture 30 would be for two population, 31 will demonstrate the
Minitab application and 32 will correlation and regression analysis, 33 we will try to
validate some line assumptions linearity, independence, normality and equal variance for

the regression model.
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Lecture 34: One-Way ANOVA | Purpose of ANOVA analysis, One-way ANOVA for testing differences

among the means of several populations, One-way ANOVA in Minitab

Lecture 35: Two-Way ANOVA | Purpose of Two-way ANOVA, Two-Way ANOVA (Factorial Design),
Two Way ANOVA in Minitab

Lecture 36: Multi-vari Need of Multi-vari Studies, Concept of Multi-vari Studies,

Analysis Construction & Interpretation of Multi-vari Charts, MINITAB Exposure:
Multi-vari Charts

Lecture 37: Failure Mode Need and Advantages of FMEA, Types of FMEA, Failure Mode, Risk

Effect Analysis (FMEA) Priority Number, Steps in FMEA, Risk Management and Risk

Mitigation




Then week 7, we will go ahead and there are some limitations of conducting say paired
say comparison for two populations, you may have to compare more than two means or
three means for the population and the previous procedure of hypothesis testing for two
mean, paired comparison is not actually beneficial. It will increase some error in the

analysis and that we will discuss.

So, we would like to go for another approach to overcome this error and lecture 34 will
be on one-way ANOVA. Lecture 35 would be on two-way ANOVA. Lecture 36, will be
on Multi-vari analysis. It is typically graphical technique, which help me to screen out
the important factors and then it can be used as a complementary technique for ANOVA.
Lecture 37, would be failure mode effect and analysis and | would like to analyze the
critical failure mode through say calculating the risk priority number which is basically
the multiplication of severity occurrence probability and detectability. So, we will see

this in detail.

Then we will enter into the fourth phase of DMAIC and that is improve. So, week 8 and

week 9, I will discuss improve phase of DMAIC cycle.
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Lecture 38: Introduction to
Design of Experiment

History of DOE, DOE: Principles and Terminology, The
strategy of experimentation, Guidelines for planning,
conducting and analyzing experiments

Lecture 39: Randomized Block
Design

The randomized complete block design  (RCBD),
Randomized block design: lllustrative application, Latin
square design, Graeco-Latin square design

Lecture 40: Randomized Block
Design: Minitab Application

Minitab Application for Randomized Complete Block Design
(RCBD)

Lecture 41: Factorial Design

Principles of factorial design, Advantages of factorial

design, Statistical analysis of factorial design, lllustrative
example of factorial design
Minitab Application of Factorial Design

Lecture 42: Factorial Design:
Minitab Application

So, week 8, I will talk about lecture 38 introduction to design of experiment that will

give you some fundamental definitions what is factor, what is level, what is treatment,
what is blocking replication, then nuisance factor, reproducibility and likewise. Lecture

39 randomized block design we will talk, then lecture 40, randomized block design with



Minitab application. Lecture 41, factorial design I would like to consider the interaction
effect you will appreciate it when you will discuss and that part we will try to cover
through factorial or full factorial design. Then we will have lecture 42 factorial design
Minitab application.
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Lecture 43: Fractional Factorial |Fractional Factorial Design: Key concepts, Alias
Design structures, Resolutions, One-half of 2% Design

Lecture 44: Fractional Factorial | Fractional Factorial Design: Minitab Application
Design: Minitab Application

Lecture 45: Taguchi Method: Key | Goal-Post Philosophy, Taguchi Method, Signal and

Concepts Noise, Taguchi’s Parameter Design Steps
Lecture 46: Taguchi Method: Steps Involved in The Taguchi Process, Orthogonal
Illustrative Application Arrays, Orthogonal Array Selection Rules, lllustrative

Examples, Critique on Taguchi Method, Outstanding
features of Taguchi Method

Week 9, again | will go further in my design of experiment improvement phase. Lecture
43 will be fractional factorial | cannot afford to conduct the full factorial because the
resources in terms of material operator time is limited, so | need to divides the strategy
which is fractional factorial we will see it lecture 43. Lecture 44, Minitab application for
fractional factorial. Lecture 45, some key concepts on Taguchi design which is the robust
design methodology emphasizes on signal to noise ratio. And lecture 46, | will discuss

some illustrative application of Taguchi method.

Finally, we will enter into the fifth phase say DMAIC and this fifth phase is control. So,

we will talk about control in week 10 and week 11.
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Lecture 47: Seven QC Tools Need of QC approach, Benefits of QC approach, Seven QC Tools

Lecture 48: Statistical Process Control: Key | Common Causes and Assignable Causes of Variations, Objectives of SPC, Type |
Concepts and Type Il errors In control charts, Analysis of Patterns in control charts

Locture 49: Statistical Process Control: Need for Control for both Mean and Varlabllity, General procedure for
Control Charts for Variables constructing control charts, Control Charts for X-bar, R and §

Lecture 50: Operating Characteristic (OC) | Operating-Characteristic (OC) Curve for variable control charts: X-bar and R
Curve for Variable Control charts charts

Locture S1: Statistical Process Control: Chart for Proportion (p-Chart), C and

Control Charts for Attributes of p-Chart, Chart for the number of nonconformities (c-Chart), Chart for the
number of nonconformities per unit (u-Chart)

Locture 52: Operating Characteristic (OC) | OC curve for pchart, OC curve for c-chart

Curve for Attribute Controll charts

Lecture 53: Statistical Process Control: Statistical Process Control in Minitab

Week 10, you will have seven QC tools like Pareto chart, scatter plot, histogram and
mainly quality control say statistical process control charts. 48, we will talk about
statistical process control key concepts what is transpose, what is assignable cause, what
IS type one error, what is type two error. Lecture 49, we will talk about statistical process
control, control charts for variables. 50, operating characteristic curve for variable
control chart. 51, statistical process control, control chart for attributes, and 52 operating
characteristic curve; curve for say attribute control charts. 53, we will talk about
statistical process control Minitab application for industry professional and university

student executing the projects.
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Lecture 54: Acceptance Sampling: Key | Need of acceptance sampling, Advantages and Disadvantages of
Concepts acceptance sampling, Producer’s Risk and Consumer’s Risk,
Operating Characteristic Curve for acceptance sampling, Types of
sampling plans, Evaluating Sampling Plans

Lecture 55: Design of Acceptance Lot-by-Lot Attribute Sampling Plans: Single Sampling Plans, Double
Sampling Plans for Attributes (Part 1) | Sampling Plans, Multiple Sampling Plans

Lecture 56: Design of Acceptance Lot-by-Lot Attribute Sampling Plans: Standard Sampling Plans
sampling Plans for Attributes (Part 2) (ANSI/ASQ Z1.4/ MIL ~STD-105D, Dodge-Romig), Deming’s kp Rule
Lecture 57: Design of Acceptance Advantages of Variable Plan, Disadvantages of Variable Plan,
Sampling Plans for Variables Variable Sampling Plans for a Process Parameter

Lecture 58: Acceptance Sampling: Steps involved in Acceptance Sampling by Attributes in Minitab,
Minitab Application Steps involved in Acceptance Sampling by Variables in Minitab

Week 11, we will see the second pillar. When you talk about the statistical quality
control there are two pillars number 1 is statistical process control, number 2 is
acceptance sampling. In this week we will talk about acceptance sampling and lecture 54
would be acceptance sampling key concepts, 55 design of acceptance sampling plans for
attributes part 1 and part 2 will be presented in lecture 56. Lecture 57 design of
acceptance sampling plans for variables and 58 acceptance sampling plan for Minitab
application. Then finally, we would wind up our journey and say close our journey with

some discussion on six sigma implementation challenges in week 12.
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Lecture 59: Design for Six DFSS methodologies, DMADV, DMADOV, Design for X (DFX), System

Sigma (DFSS): DMADV, characteristics

DMADOV

Lecture 60: Design for Six Design for *X"; Design for Manufacture and Assembly, Design for Reliability,

Sigma (DFSS): DFX Design for Maintainability, Design for Serviceability, Design for the
Environment, Design for Life Cycle Cost

Lecture 61: Team Types of teams, Team roles & Team member selection, Team motivation, Team

Management development stages, Team communication and dynamics

Lecture 62: Six Sigma: Case | DMAIC application for a telecommunication cabinet door panel company

study
Lecture 63: Six Sigma: Six Sigma Topics covered, Deliverable of this course, Need of Six Sigma,
Summary of key concepts | Benefits of Six Sigma




So, lecture 59, will talk about some other formats of conducting six sigma, that is
DMAD, DMADOQYV and DFX. In detail in lecture 60 we will talk about various acts like
reliability, maintainability, sustainability, serviceability, manufacturability as a part of
DFX. Lecture 61 which is very important you cannot execute any project or six sigma
project without a proper team management and we will try to see the communication
team dynamics and another issues in lecture 61. Lecture 62, | will discuss the small case
study to give your confidence how we can execute the DMAIC cycle. And finally lecture
63, will try to check that how we have gone through the journey and what we have
delivered as a part of this particular course. So, it would be a summary of the entire

course.
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Reference Books

1. Roderick A. Munro and Govindarajan Ramu and Daniel J. Zrymiak, The
certified six sigma Green Belt Handbook, Second Edition, ASQ Quality
Press and Infotech Standards India Pvt. Ltd.

2. T. M. Kubiak and Donald W. Benbow, The Certified Six Sigma Black Belt

Handbook, Pearson Publication.
3. Forrest W. Breyfogle IlI, Implementing Six Sigma, John Wiley & Sons, INC.

4, Evans, J R and W M Lindsay, An Introduction to Six Sigma and Process
Improvement, CENGAGE Learning.

| am suggesting the reference books Roderick Munro the certified six sigma green belt,
T.M Kubiak black belt, Forrester implementing six sigma, Evans an introduction to six

sigma.
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Reference Books

5. Howard S. Gitlow and David M. Levine, Six Sigma for Green
Belts and Champions, Pearson Education, Inc.

6. Montgomery, D C. Design and Analysis of Experiments, Wiley.

7. Mitra, Amitava. Fundamentals of Quality Control and
Improvement, Wiley India Pvt Ltd.

8. Montgomery, D C. Statistical Quality Control: A modern
introduction, Wiley.

Howard Gitlow six sigma for green belts, Montgomery design and analysis of
experiment, Mitra fundamentals of quality control and Montgomery statistical quality

control.

So, you should helps the copy of couple of books or whenever you have difficulty you

can you can refer this book | extensively use this material.
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DISCLAIMER

The lecture material of this online course on Six
Sigma is prepared based on the recommended
reference books and an appropriate material
available on internet.

Every effort is made to acknowledge the
sources.

I would like to present my disclaimer. This particular lecture material of six sigma online

course is presented on prepared based on the recommended reference books and an



appropriate material available on the internet every effort is made to acknowledge the
sources. However, | acknowledge the contributions of the people in the domain of
quality and six sigma and | acknowledge the sincere contributions of all these people
which as really help me to develop this course.

Why six sigma is important? Let me just give you a flavor before I close this session.
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Quality Obsession

0  Quality is a compulsion. No more a
choice!
0 Strategic weapon to differentiate in
competition.
O  Inthe global economy, quality is just the
TS entry ticket.

yE Svayam RO
We have an obsession for quality. Quality has not remain the winning factor it is a
qualifying factor your entry to market. You cannot say that | am giving you the quality
product, so you come to me that is the bare minimum thing you must offer in the

competitive scenario.
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NEW PARADIGM

v Satisfaction of customer needs
and expectations

v External and Internal customer

orientation

v Product quality, Process quality

, Service quality

OLD PARADIGM
» Conformance to
specifications
» External customer
» Product Quality

We had the old paradigm like conformance to specification external say customer,
product quality, we have new paradigm satisfaction of the customer and loyalty external
and internal customer orientation, and product quality, process quality and service
quality. All three needs to be integrated and we are exactly trying to achieve these

through six sigma.
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Six Sigma as a Philosophy

Internal & P ;
External WU:‘S:‘I @ is 2 measure of how much variation
Fallure €Xisls in a process
Costs Costs )
E Okd Belief ‘ Old Belief
< 4
High Quality = High Cost
Quality
Internal & Prevention &
External Appraisal

. Fallure Costs Costs
New Belief 3 c-
High Quality = Low Cost




If you just see the difference in the old belief and new belief it is very clear. Old belief is
high quality high cost if you want high quality you have to spend more. This is a big

Cross.

The new belief is high quality low cost and how it is achievable just see you have the
internal and external failure cost, and you have the prevention and appraisal cost when
you are moving from four sigma to five sigma to six sigma, it means your process

variability is going down.

Your processes are becoming more centric towards the mean you are basically saving
upon prevention and appraisal cost and you can see that you are say break even cost with
respect to internal and external failure cost is going down. So, six sigma says that high
quality as low cost, target the variability if you can get hold on the variability this is
achievable. So, this is a something that we will try to appreciate.
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“Six Sigma is a problem-solving technology that uses
human assets, data, measurements and
statistics to identify the vital few factors to
decrease waste and defects while increasing
customer satisfaction, profit and shareholder

And six sigma basically is a problem solving approach, set of tools and techniques, to

execute the DMAIC cycle and make my processes organizations more customer centric.
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What is Six Sigma?

Tool box of quality and management tools for problem resolution

An organized process for structured analysis of data

A business philosophy continuous improvement.

Measure of quality that strives for near perfection.

A statistical measure of variation.

Methodology to improve the key processes.

So, six sigma as | said its systematic journey of DMAIC and basically it is a quality
management tool; that are integrated in order to achieve the significant reduction in the

variability of the process and hence is significant reduction in the defect rate.
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What is Six Sigma?

To achieve Six Sigma, a process must not
produce more than 3.4 defects per million
opportunities.

i.e. 99.99966% Probability that 3.4 Defects
per million opportunities (DPMO) can occur

In a more technical way you would say that to achieve six sigma a process must not
produce more than 3.4 defects per million opportunity, just see this 3.4 million per three
point defects per million, so it is almost like zero and this is achievable.
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What is the prerequisite for implementing
Six Sigma?

* Organization should be open to change.

* Organizations have employed - Plan Do Check Analysis (PDCA)
approach previously to achieve Six Sigma objectives. However, such
approach only analyze the process but not offer any improvement.

* In order to tackle this difficulty, DMAIC (Define, Measure, Analyse,

Improve and Control) is used to accomplish Six sigma Objective.

So, many as | companying they have executed six sigma and they have realize the
immense benefit. So, there are some prerequisite that you need to prepare the
organization and typically once you have that culture resistance has gone down for
change the culture and right attitude prevails you are ready for six sigma.
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Why Six Sigma is a best-in-class
change strategy for accelerating

improvements in processes, products,
and services?

So, why six sigma is best in class?
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Arigorous data-driven
methodology for
decision making process
improvement based on
business and customer

Voice of s
/ e Find and focus on the™ N
/ . customer as source of
I ’ ~
| mncs;':rl::uon ,r"

Decision making with
N emplirical data

reason for process &

Just see this it has three pillars, you capture the voice of customer, you go to the business
case, understand the business reasons for process and change and then you try to make
the decision with the empirical data fact base management. And this is how it helps the

company to achieve the six sigma level.

(Refer Slide Time: 43:09)

The difference between failure and success is doing a thing
nearly right and doing it exactly right”.

Edward Simmons

So, the difference between failure and success is doing a thing nearly right and exactly
right. Edward Simmons, six sigma is about doing the thing exactly right, | am striving
for the perfection.
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Motorola launched Six Sigma methods
in 1987, and was also the first firm to
win the Malcolm Baldrige National

Quality Award (MBNQA) in 1988.

Motorola initiated this philosophy in 1987 and then this particular company also received
a quality award Malcolm Baldrige quality award in 1988. So, this company had set the
benchmark and an eye opener approach for all the industry organization manufacturing
or service and followed by that general electric gas realize the immense benefit in 1995.
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Indian Organizations Doing Six Sigma

GE
WIPRO
TATA STEEL
TELCO
ASIAN PAINTS
WHIRLPOOL
G
L&T SWITCHGEAR
TVS SUZUKI
VIP INDUSTRIES
TATA HONEYWELL
TATA CONSULTANCY
PIDILITE INDUSTRIES

Indian organizations or you may say organizations operating in India doing six sigma
General Electrics, Wipro, Tata Steel, Telco, Tata motors, Asian paints, L & T
switchgear, TVS Suzuki, VIP industry, Tata Honeywell, Tata Consultancy, Pidilite



industries. These are just few to name otherwise the list is long, and companies they are

really trying to set the international benchmarks through six sigma implementation.
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What do you expect
from this course?

What do you expect from this course? You will be going through a lot of learning, and
you must have thought something and what do you expect from this course.
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This course intends to provide in-
depth understanding on six sigma

methodology - DMAIC.

This will include........

So, this course basically intends to provide in depth understanding on six sigma
methodology DMAIC and typically this will include what is six sigma methodology,

why to use six sigma, what are the various phases in DMAIC, and how to execute, what



is the tool kit of a six sigma and how to use, and how to address the six sigma

implementation challenges.
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What is six sigma methodology?
Why to use six sigma?

What are the various DMAIC phases in six sigma?

What is six sigma tool kit?

How to use the various tools of six sigma?

How to address the six sigma implementation challenges?

and many other critical issues specific to six sigma.....

And many other critical issues we will discuss when you will go through this course
attend you will really find that it is a marathon journey, and we have covered each and

every topic in a critically and great detail and you would be immensely benefited.

So, thank you very much for your patience and interest in understanding the overall
scope, overall structure, overall deliverable of this particular online course on six sigma.
| still consider that this first lecture is very very important. If required listen it twice or
thrice so that you can get the complete idea of your upcoming journey and you can
proceed your journey, get hold on your journey, get control over your journey in a very

very systematic and structured way.

So, we will continue our six sigma journey from the next lecture. And till that time |
would say that look at the prerequisite go through first six chapter either of the book
Aczel statistics or Levin , statistics and make yourself ready for digesting the content of

this course. Thank you very much. Be with me. Enjoy.



