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Define & Measure

Phase Objective Tools & Techniques Output

Define

Identify Project CTQs

Develop Project Charter

Prepare High Level Process MapComplete Stakeholder Analysis

Convert VOC into CTQ

Kanos model

Project Charter - Business Case, Problem

Statement, Goal Statement, Project /

Process Scope, Project Team, Project Plan

SIPOC & Stakeholder analysis

Project Charter - Baseline Performance, Project

Goal, Project Scope

Timelines

Process Map

SIPOC

Stakeholder Analysis

Metrics Tracker

Measure

Establish Performance Standard

Measurement System Analysis

Estimate Current Capability

Understand As-Is Process

Identify Potential Causes & Data

Collection

Measurement System Analysis

Understand Data Distributions

Capability Analysis Attribute Data &

Continuous Data

Process Maps, VSM & IPO metrics

Potential cause identification

Brainstorming (Ishikawa), Affinity

diagram, Defect Log, FMEA

Prioritization Matrix

Data Collection Plan

As Is Process Map

Value Analysis & List of Quick Wins

Improved Process Map

Measurement System Analysis

Data Collection Plan for Y

Normality, Stability Testing & Capability Analysis

Identification of IPO metrics

Cause and Effect Diagram (Ishikawa)

Conversion of Causes to Xs

Cause - Effect Matrix

Y Data Treatment

Tools Interpretation Action ahead Comments

Normality Minitab-

Normality Test

Graphical Summary

Data is found normal Check Stability

This may provide important insight for scoping the project
further

Data is found non- normal. Check whether

non-normality is because of few data points

caused due to special causes?

If yes- handle those data points separately.

Remove the data points

caused because of

special reasons.

Check normality again.

Check whether non- normality is because of inherent nature of
process

Identify the distribution that fits the data

Stability Run Chart

Histogram

Control Chart

Data is found stable Check capability

Data is found unstable

Check whether un-stability is because of few data points caused
due to special causes?

Remove the data points caused because of special causes and
check for stability again.

Data is found unstable

1. Check whether un-stability is because of mixing of more than
one process outputs

2. Check for excessive noise factors

1.Separate out different processes outputs

2. take action to filter out noise

Capability Minitab or Excel tools

For attribute data -Use Minitab or Excel tool

For continuous data- Use Minitab or Excel tool

Y Data Treatment

Tata Consultancy Services


	
Discreet DataContinuous Data

DPU DPMOCP CPK

Number of Defects

DPU = ; Yeild = e -dpu

Number of Defects Processed

Number of DefectsDPMO = X 106

Number of Units x Opportunities per Unit

USL LSL X LSL USL - XCP = ; CPK = Min ( , )

6 s 3 s 3 s

DPU to Z Score:Z = x-Mean/Standard Deviation

DPMO to Z Score (Excel Formula):Z= NORMSINV * ( 1 -( DPMO /
1,000,000))+ 1.5

CP to Z Score: ( X - ) CPK to Z Score:Z = ; Z = 3* CPK

Process Capability

Z Score Calculation

+ -

- 1 + 1

95.45%- 2 + 2

68.27%

- 3 + 399.73%

+ 499.9937%

- 599.99994%

+ 5

- 6 + 699.9999998%

- 4

Standard Normal Distribution

Data

type

Continuous data

Height; weight; Login hours, TAT.

Discrete data/ Attribute data

Count or category type

Ordinal data

Satisfaction index- 1=Strongly disagree; 2=Disagree; 3=Neutral;
4=Agree; 5=Strongly agree.

Nominal data

Race/ethnicity has values 1=White, 2=Hispanic, 3=American
Indian, 4=Black, 5=Other

Binary Data

Pass/ Fail, OK/ Not OK, Win/ Loss.

Count data

No. of agents absent, No. of errors in a Transaction.

Data Types

Tata Consultancy Services


	
A specification is a customer-defined tolerance for the output
unit

characteristics

Specification limits are established for the process and do not
reflect how the process is actually performing.

Control limits are calculated based on the existing performance
of the process.

LSL Target USL

USL: Upper Specification Limit for Y, anything above this is a
defect.

LSL: Lower Specification Limit for Y, anything below this is a
defect.

Target: Ideally the middle point of USL & LSL.

Specification

These acceptable limits are given as a guideline and you can fix
different limits based on your No. of Error categories and No. of
Appraisers.

Data Measurement

Repeatability Acceptable Limit 90%

Accuracy Acceptable Limit 90%

Overall Measurement Error (Accuracy, Repeatability &
Reproducibility)

Acceptable Limit 80%

Discreet Data GRR Key Concepts

Tata Consultancy Services


	
Basic Statistical Terms

Measure of the Central Tendancy Measure of the Dispersion

Mean Range

Median Inter Quartile range

ModeStandard Deviation

Coefficient of variation

Purpose of Sampling Formula

Estimate Average ( For continuous data )

E.g. Time taken for Query resolution (Where d = precision: __
units)

Estimate proportion ( For Discrete data )

E.g. % Errors in Queries resolved (Where d = precision: __
units)

2

d

2sn

p1pd

2n

2

Sample Size Calculations

Z

Total Z to + infinity

+Z- Z

Area from -Z to +Z

Area Under Curve from Z to positive

infinity

Area Under Curve from -Z to +Z

+Z- Z

-infinity to -Zplus+Z to + infinity

Area Under Curve (negative infinity to -Z)

PLUS (+Z to positive infinity)

+Z- Z

-infinity to -Zplus+Z to + infinity

Convert (negative infinity to -Z )

PLUS (+Z to positive infinity)

into PPM

Z-1.5

Total - infinity to Z-1.5

Area Under Curve negative infinity to Z-1.5

Z-1.5

Total Z-1.5 to + infinity

Area Under Curve Z-1.5 to positive

infinity

Z-1.5

Total Z-1.5 to + infinity

Convert Area Under Curve (Z-1.5 to positive

infinity) into PPM

Area Under the Curve

Tata Consultancy Services

Defect

Defect Free
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Analyze


	
Discrete Data

Two SamplesOnesample

Multiple Samples

TwoSample

Comparing Proportions Comparing

MeansComparingVariances

1-ProportionTest

2-ProportionTest

Chi-squareTest

2-Samplet-Test 1-Sample

t-TestANOVA

Test of equal Variances

Hypothesis Testing

Ho : 1 = RefHa : 1 = > < Ref

Ho : There is significant difference between the expected and
observed result.Ha: There is no significant difference between the
expected and observed result.

If P is Low, Ho must Go !

Continuous Data

The Funnel Effect

Y = f(x1,x2,x3,x4,,xn)

Root-cause identification is the task of elimination

30+ variables

15-20 variables

10-15variables

5-10

variables

3-5

variables

ANALYZE

Tata Consultancy Services


	
Improve

Are the vital few Xs statistically significant? Is the solution
identified are sufficient enough?Is solutions are validated with
improvement achieved?Can Xs be monitored on regular basis?

Questions to be asked

Tata Consultancy Services


	
Objective SPC is to bring process under the influence of Common
Causes alone by identifying and eliminating the Special Causes

Shewharts Fundamental SPC Ideas

All processes display variation and there are two types of
variation: 1) Common cause 2) Special cause variation

Tata Consultancy Services

Control


	
Fourteen points in a row, alternating up and downA single point
outside 3 control limitsNine points in a row on the same side of
the centerlineSix points in a row, all increasing or all
decreasingTwo out of three successive points more than 2 on the
same side of the centerlineFour out of five successive points
beyond 1 on the same side of the centerline

Few Indications of an Out of Control Process

Data Types

Discrete DataVariable Data

Sub grouping Present

No Sub-grouping

Defects DataDefectives Data

Sample Size Variable

Sample Size Constant

Sample Size Variable

Sample Size Constant

Individual & Moving Range (I MR) Chart

X Bar R Chart

np Chart p Chart c Chart u Chart

Monitor Ys & control Xs using Control Charts

np = average of a number of defectives inspected in study

p = Sum of defectives / Total parts Sum of all the C valuesC =
C

U = Sum of C / Sum of N

=

UCLx , LCLx = X A2 * R

Need of a control Plan

1. In case a vital X drifts 2. To ensure that the change is
detected,

determined, eliminated & avoided of the re-occurrence.

Tata Consultancy Services
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