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Lean Six Sigma is a Business Process and Quality Excellence approach that aims at reducing the product defects, process variation, and operational wastes.

It combines Lean Management and Six Sigma with an overall aim to increase the business efficiency, effectiveness, and productivity.

Lean Six Sigma is a fact based and data driven approach and Statistics is right at its very core.

Statistics has always been a demanding and strenuous subject to many, if not to almost everybody; which has often made the Lean Six Sigma project execution challenging and less appealing in spite of the business process improvement potential.

Historically there have been tools like spreadsheets, software, and even programming languages to solve this problem.  

However, those tools introduced their own set of challenges.

Either the spreadsheet formulas were found to be complex, or the software were found to be confusing and cumbersome, or the programming languages were found to be complicated.

Overall, the tools were far from simple or easy solutions for Statistical calculations that were needed to be performed during Lean Six Sigma project execution.  

Having said that, the world as a whole is experiencing the Artificial Intelligence (AI) revolution. AI is touching and impacting almost every field, every industry. 

Right from self-driven cars to implanting chips in the human brain for enabling sight, speech, and vision, AI is finding its place and creating a positive impact everywhere. 

Generative AI (Gen AI) is one of the AI technologies that is at the forefront of this AI revolution.

With Gen AI you simply state what you want in a natural language like English, and the machine will interpret your words and execute them as a command.

With Gen AI it is now possible to generate images, video clips, and articles just by stating what you want in plain English prompts.

Now, there have been talks the world over of implementing AI in Lean Six Sigma, given the potential of AI in particular Gen AI.

However, they have just been talks that is until now.

NinthSigma is the Gen AI based software the Quality world has been waiting for as the solution for simplifying the complex Statistical part of the Lean Six Sigma project execution. 

And it does it so well that typing in the prompt, executing the command, and getting the results, happens in just a few seconds.

NinthSigma takes away the pain everyone has had experienced with statistical solutions like the spread sheets, software, and programming languages.

It simplifies the Lean Six Sigma Statistical operations drastically.

All you need to do is enter a very straight forward prompt (think of it as a command) in pure natural English language to perform a statistical operation and viola NinthSigma does it for you within seconds. 

And that's not all, the team of NinthSigma which primarily consists of Lean Six Sigma Industry experts have gone a step ahead by even simplifying the prompts needed to perform the statistical operations.

The Natural Language Prompts that NinthSigma implements, actually make sense, are logically relevant, and easy to remember.

NinthSigma covers all the relevant Statistical Features required to execute a Lean Six Sigma project.

It is a simple, straightforward, Intuitive, and user-friendly statistical solution.

It can be accessed from any machine over the internet without the need for single machine installations (which most other statistical software do need).

And, the most amazing part of NinthSigma is that it is not for profit, but purely for quality initiative - Finally Quality is Free.

And it offers absolute freedom from Monthly or Annual Paid Plans, Subscriptions or even Registrations.

This series of books “Statistics for Lean Six Sigma Simplified with GEN AI” will not only introduce you to the magic of NinthSigma, but will also actually teach you all the relevant Statistical Operations required to execute a Lean Six Sigma project.

It will super simplify all the Statistical operations and functions relevant to the Lean Six Sigma project execution for you.

We are sure you will not only start getting comfortable with all the Statistics involved, you will actually start enjoying performing all the statistical operations once you experience the power of Gen AI and NinthSigma.  


-  Sumeet Savant, Founder Director NinthSigma.
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Introduction to Hypothesis Testing
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Hypothesis testing is a statistical method used to evaluate a claim or assumption about a population by analyzing data from a sample. 

It is a statistical procedure that helps determine if an observed change or difference in a process is statistically significant or merely due to random chance. 

It involves formulating two opposing statements or competing hypothesis about a process or population and then using statistical analysis to determine which hypothesis is more likely to be true.

The two hypotheses are:


	Null Hypothesis (denoted as H0) is a statement of no effect or difference. It is the default status or the status quo, that assumes no significant difference or effect exists; this hypothesis needs to be disproved.

	Alternate Hypothesis (denoted as Ha) is a statement of definite effect or difference. It is the hypothesis that challenges the default status or the status quo, and assumes significant difference or effect exists.



Null Hypothesis usually uses comparisons like equal to, greater than or equal to and lesser than or equal to. 

Alternate Hypothesis uses comparisons like not equal to, greater than or lesser than.

For example:

H0: The means of samples before and after process improvement are same.

Mean1 = Mean2

Ha: The means of samples before and after process improvement are not same.

Mean1 ≠ Mean2

Hypothesis test where “not equal to” comparison is used in the Alternate Hypothesis is known as Two Tailed Hypothesis Test.

And Hypothesis test where “greater than” or “lesser than” comparison is used in the Alternate Hypothesis is known as One Tailed Hypothesis Test.

Specifically, Hypothesis test where “greater than” (>) comparison is used in the Alternate Hypothesis is known as Right Tailed Hypothesis Test.

Hypothesis test where “lesser than” (<) comparison is used in the Alternate Hypothesis is known as Left Tailed Hypothesis Test.

In Six Sigma projects, the objective is often to demonstrate a statistically significant change or improvement in a process. 

This means that a key goal of hypothesis testing within Six Sigma is often to gather enough evidence to reject the null hypothesis in favour of the alternate hypothesis. 

During Six Sigma project execution the outcome of a hypothesis testing is framed in terms of either rejecting the null hypothesis or failing to reject the null hypothesis.

Following Figure depicts the Null and Alternate Hypothesis for better understanding,
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Typically, the process of hypothesis testing involves performing the following steps:


	Clearly define or articulate the Problem and Objective.

	Formulate the Null (H0) and Alternative (Ha) hypotheses.

	Choose an appropriate Significance Level or alpha (α), typically 0.05.

	Choose an appropriate test based on the data type and hypothesis, such as T, Z, or Variance Tests.

	Collect reliable data and perform the chosen test for analysis, often with a statistical software like NinthSigma.

	Calculate or obtain the Test Statistic and the P-value for the test.

	Make a Decision by comparing the P-value to α; Reject H0 if P-value ≤ α, suggesting a statistically significant difference; otherwise, fail to reject H0.

	Based on the results, draw conclusions and determine appropriate actions, such as implementing a change (improvement solution) if the alternative hypothesis is supported.



Following Figure depicts the Hypothesis Testing process for better understanding,
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Hypothesis Tests generally performed in a lean six sigma project are:


	One Proportion Test.

	Two Proportion Test.

	One Sample Z Test.

	Two Sample Z Test.

	One Sample T Test.

	Two Sample T Test.

	Paired Sample T Test.

	Chi Square Test.

	F Test.

	Levene Test.

	Barlett Test.



In this book we will look at each of these Hypothesis tests in detail, along with the most relevant real world Lean Six Sigma case studies.

We will also look at how these tests can be easily and conveniently performed with the power of Gen AI using NinthSigma.

The case studies for each concept make use of the NinthSigma software which is freely available over the web at: https://www.ninthsigma.org/

We encourage you to try the case studies as you go through the book for getting a firm grasp over the subject.
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Type1 and Type2 Errors, Alpha, Beta and Power
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Hypothesis testing involves formulating two opposing statements or competing hypothesis about a process or population and then using statistical analysis to determine which hypothesis is more likely to be true.

The two hypotheses are the Null Hypothesis (H0) which is a statement of no effect or difference or default status and Alternate Hypothesis (Ha) which is a statement of definite effect or difference that challenges the default status.

In Six Sigma projects, the objective is often to demonstrate a statistically significant change or improvement in a process. 

This means that a key goal of hypothesis testing within Six Sigma is often to gather enough evidence to reject the null hypothesis in favour of the alternative hypothesis. 

During Six Sigma project execution the outcome of a hypothesis testing is framed in terms of either rejecting the null hypothesis or failing to reject the null hypothesis.

Hypothesis testing can often lead to errors, which are categorized as follows:


	Type I Error also known as the False Positive or the α-error is rejecting the null hypothesis when it is actually true, which can lead to adopting ineffective improvements or solutions based on false findings leading to waste of resources and potential harm. An analogy could be convicting an innocent person in a courtroom setting.

	Type II Error also known as the False Negative or the β-error is failing to reject the null hypothesis when it is actually false, which can lead to missing genuine improvements or solutions leading to hindered innovation and progress. An analogy could be acquitting a criminal in a courtroom setting.



––––––––
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These errors have a probability associated with them and they are:


	Alpha (α), also known as the significance level is the maximum acceptable probability of committing a Type I error. A common value for α is 0.05 (or 5%), meaning there is a 5% chance of falsely rejecting the null hypothesis. 

	Beta (β) is the maximum acceptable probability of committing a Type II error and has an inverse relation with Alpha, setting a stricter alpha level (0.05 to 0.01) reduces the risk of Type I errors, but it increases the risk of Type II errors.



Apart from these, Power of a hypothesis test is the probability of correctly rejecting a false null hypothesis or the probability of detecting a real effect if it truly exists.

It is calculated as 1 - β.

A statistically powerful test is more likely to detect true effects and avoid Type II errors.

Following factors influence the power of a test:


	Sample Size increases the power of a test; larger sample sizes generally lead to higher power as they provide more precise estimates and reduce sampling error.

	Strength of the relationship between variables are easier to detect, resulting in higher power.

	Significance Level (α) increasing the alpha level (making the test less strict) increases the power, but it also increases the risk of Type II errors.

	Variability reduces the power of the test, thus as variability within the data increases power of the test reduces.



Ensuring adequate statistical power is essential for drawing accurate conclusions from the hypothesis tests as it helps avoid wasted resources and makes ethical decisions in fields like medicine where treatments are being evaluated.
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