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Six Sigma Overview

Six Sigma is a broadly accepted methodology that focuses on improving an organization’s operational performance, business practices and systems by identifying and preventing 'defects' and ‘inconsistencies’ in processes 
If we have a process operating at 3sigma, then we are allowing 66802.7 errors per million opportunities, or delivering 93.319% non defective outputs. Achieving six sigma means that the process is delivering only 3.4 defects per million opportunities, in other words they are working nearly perfectly
The selection of six sigma project should be aligned with strategic business goals, which could be any of the following
· Cost Reduction and profitability improvement
· Increase in customer satisfaction

· Improvement in product and service quality
· Reduction in lead time of product or service
· Improvement in employee performance
In this white paper, DMAIC, the most widely used six sigma methodology will be explained through the case study of improving Test Productivity. By improving test productivity we can ensure Cost Reduction and Customer Satisfaction.
Six Sigma Process

DMAIC Methodology 
DMAIC is used when a product or process already exists but is not meeting specification or performance expectations. The DMAIC methodology is comprised of five phases: 

• Define the project goals and customer (internal and external) requirements 

• Measure the process to determine current performance 

• Analyze and determine the root cause(s) of the defects 

• Improve the process by eliminating defect root causes 

• Control future process performance 

Case Study – Implementation of DMAIC
Define – This step identifies the customer requirements and the Critical to Quality (CTQ) expectations of the customer. This CTQ concept in six sigma allows focusing on quality from the perspective of the customer. 

In our example, the CTQ is Test Productivity. The key components of test productivity are shown in figure 1. 

[image: image1]
However to understand the component most critical to the customer, the Voice of the Customer (VOC) needs to be captured. The VOC can be obtained in several ways –

· Interviews

· Focus Groups

· Surveys

· Organizational Metrics

· CTQ Drilldown

· Quality Function Deployment (QFD) – Involves rating customer requirement, to find out the most critical requirement.
In our example the customer provides QFD rating as shown in table 1– Here the customer gives importance ratings to each of these requirements. Higher rating means higher importance.
	Customer Requirement
	Rating

	Design Productivity
	3

	Regression Productivity
	4

	Execution Productivity
	5


Based on the QFD rating, we now know that the CTQ to improve is Execution Productivity
Measure – In this phase, we measure the ability of the current process to meet the customer requirements. This phase consists of the following steps
· Set Performance Standards

· Prepare datacollection plan and collect data

· Measure Process Capability
Set Performance Standards
Here we establish specification limits, our target for improvement in the CTQ or Y, setting a goal that is aggressive but attainable

[image: image2]

Now, that we have set our target for improvement as 40, the next step is design a data collection plan and collect data
Data Collection Plan
Sampling – When data to be collected is huge, resulting in prohibitive costs .we will go in for Sampling. This can be broadly classified as 

1. Random sampling – Every datapoint in the population has a equal chance of getting selected

2. Stratified Random Sampling -  The population is divided into broad groups and then randomly sampled within

3. Systematic Sampling – The total population N is sub-classified into a sample population n and datacollected.
In our example, execution productivity of testers in 2007 is the total population N, the execution of testers for the July Release is the sample n

Now that we have the data we move onto measure the current process capability

Measure Process Capability – Here, we measure the current process capability. This involves the following steps

· Verify  if the process is normal

· Determine the process capability (in terms of standard deviations)

These steps are performed using Minitab, a standard statistical package used in six sigma projects

Verify if the process is normal
Minitab Results
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P value – Actual Probability of the data being normal. It is also called as the Confidence Level. If the p value is greater than 0.05, then we say that the data is normal
Determine the Long Term Capability
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The Zbench value gives the current process capability.  We see that our process is only at 1 sigma value (Std Deviation), in other words we are able to meet the productivity of 40 only 67% of the time

ANALYZE - In this phase, we will determine the root causes and arrive at the critical X’s (factors) that influence Y or the CTQ
Tools Used to Arrive at the Root Cause

1. Process Flow Diagrams

2. Fish Bone Diagram

3. Brain Storming

4. Cause and Effect Matrix

In our example, we will use Fish Bone or Ishikawa Diagram to arrive at the root cause that impacts Execution Productivity

[image: image5.emf]P


r


o


d


u


c


t


i


v


i


t


y


E


x


e


c


u


t


i


o


n


T


e


s


t


 


D


a


t


a


T


e


s


t


 


C


a


s


e


s


E


n


v


i


r


o


m


e


n


t


A


p


p


l


i


c


a


t


i


o


n


 


T


y


p


e


R


e


q


u


i


r


e


m


e


n


t


s


P


e


r


s


o


n


n


e


l


E


x


p


e


r


i


e


n


c


e


K


n


o


w


l


e


d


g


e


L


e


v


e


l


C


o


m


p


l


e


x


C


h


a


n


g


i


n


g


R


e


q


u


i


r


m


e


n


t


s


W


e


b


D


i


s


t


r


i


b


u


t


e


d


,


M


a


i


n


f


r


a


m


e


,


U


n


s


t


a


b


l


e


E


n


v


i


r


o


n


m


e


n


t


L


a


c


k


o


f


S


t


a


n


d


a


r


d


i


s


a


t


i


o


n


I


n


c


o


r


r


e


c


t


U


n


c


l


e


a


r


N


o


n


A


v


a


i


l


a


b


i


l


i


t


y


R


o


o


t


 


C


a


u


s


e


s




Productivity

Execution

Test Data

Test Cases

Enviroment

Application Type

Requirements

Personnel

Experience

KnowledgeLevel

Complex

ChangingRequirments

Web

Distributed,

Mainframe,

UnstableEnvironment

LackofStandardisation

Incorrect

Unclear

NonAvailability

Root Causes


Once we identify the root causes we need to work on identifying the Critical X’s that impacts Y. Hypothesis testing is used here. In this technique we write the Null Hypothesis that the factor(X) does not have an impact on Y, and an alternate hypothesis that X has an impact on Y. Based on the p value (confidence levels) we choose to accept or reject our alternate hypothesis
We will use ANOVA and Regression Analysis tools for hypothesis testing
One-way ANOVA: Productivity versus Knowledge Levels 

Source            DF      SS      MS      F      P

Knowledge Levels   2  385.76  192.88  33.56  0.000
Error             10   57.47    5.75

Total             12  443.23

P value is lesser than 0.05. Hence the alternate hypothesis that Knowledge Level has an impact on Productivity is accepted
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Regression Analysis: Productivity versus Experience 

The regression equation is

Productivity = 37.32 - 0.865 Experience

Analysis of Variance

Source      DF       SS       MS     F      P
Regression   1    4.258   4.2578  0.11  0.750

Error       11  438.973  39.9066
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P value is greater than 0.05. Hence the null hypothesis that Experience has NO impact on Productivity is accepted

After the completion of Hypothesis Testing, the following factors (X’s) are found to be critical

1. Knowledge Levels

2. Test Data Availability

3. Environment

IMPROVE –Here we identify and pilot the solution. This phase involves the following steps
· Identify Solution

· Solution Selection

· Refining the solution

· Justify the solution

· Testing and piloting the solution

· Validating the solution
Identify the Solution

[image: image8]
As we have data, we will use Design of Experiments (DOE)
DOE – A method for developing and conducting controlled assessments if how a product or process performs under differing conditions of variables.
DOE helps us creating a mathematical equation for Y

Y = m1x1 + m2x2 + m3x3 + Constant
In our example, the equation will be derived as

Test Productivity = m1Test Data Availability + m2Knowledge Levels + m3Environment Stability +Constant

Using Minitab , the series of experiments to be performed are obtained

	StdOrder
	RunOrder
	Knowledge Levels
	Test data Availability
	Environment

	3
	1
	Low
	Available
	Unstable

	8
	2
	High
	Available
	Stable

	5
	3
	Low
	Not Available
	Stable

	4
	4
	High
	Available
	Unstable

	1
	5
	Low
	Not Available
	Unstable

	2
	6
	High
	Not Available
	Unstable

	6
	7
	High
	Not Available
	Stable

	7
	8
	Low
	Available
	Stable


The experiments are performed in the Run order and the productivity data is obtained and the results and tabulated in Minitab
Factorial Fit: Productivity versus KnowledgeLev, Testdata Ava, ... 

Estimated Effects and Coefficients for Productivity (coded units)

Term                                  Effect     Coef   p

Constant                                      35.8750   0.000

KnowledgeLevels                       2.2500   2.1250   0.000

Testdata Availability                 3.7500   2.3750   0.000 

Environment                           4.2500   1.1250   0.000 

KnowledgeLevels*                      0.7500   0.3750   0.006 

  Testdata Availability

KnowledgeLevels*Environment          -0.2500  -0.1250   0.879

Testdata Availability*Environment     0.2500   0.1250   0.354

KnowledgeLevels*                      1.7500   0.8750   0.236 


Improvements in place for Test Data Availability

· Preparation of test data matrix during the design phase
· Preparation if queries and enter transactions for data not available

· Map the test cases to test data before execution

Improvements in place for Environment Stability
· Configuration management for test environments
· Planned code deployments and communication to the QA teams

· Smoke Testing to discover the environment related instabilities at early stages

Improvements in place for Knowledge Levels

· Planned Knowledge Transition after every release

· Updating the KT document to reflect current enhancements

Once the improvements are put in place, the costs are validated and the solution is justified.

Process Capability Analysis is performed again and Zbench is calculated. In our example, the Zbench is now 4sigma. This means 97% of the time we are able to meet the Customer Requirement of 40 testcases/person day
Control – To sustain the improvements we have put in place we need to have control mechanisms. These will detect variations due to special causes. Some of them are
· Control Charts

· Mistake Proofing or Poke Yoke

· Quality Planning  - Dashboards, metrics and documentation

The improved processes are documented.

We will use Control Charts in our Test Productivity example
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As can be seen from the graph above, we have out of control points at 7 and 10. This has to be investigated and corrected.

Once six sigma is achieved in our processes, a little variation may still be acceptable, as we would still be within customer’s specification limits.

Conclusion

The philosophy behind Six Sigma is to reduce variation in the business and take customer-focused and data driven decisions. Initially embraced as a manufacturing discipline, Six Sigma methodology is now applied to every facet of business, from production to human resources to order entry to technical support. Six Sigma methodologies can be used for any activity that is concerned with cost, timeliness and quality.  Research suggest typical benefits will exceed costs within 6 to 12 months from initiation of a Six Sigma program for software development, and the on-going return will be very substantial -- often a 15-25% reduction in software development costs in year two, with continuing reductions thereafter.
Some of the areas in testing where six sigma can be used are improving test effectiveness, increasing test coverage etc.
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