
Note: The letter f following a page number indi-
cates reference to a figure on that page.

• Numerics •
2k factorial experiments

calculating interactions, 219–223
calculating main effects, 214–219
creating Y = f(X ) equations, 227–228
determining significance, 224–226

80-20 rule (Pareto Principle), 69–71, 145
Z score, 155–157, 165–166, 170

• A •
affinity diagrams, 53–57
alternate venue psychology, 20
Analyze (DMAIC phase), 3–4, 283–286
attribute data

control chart selection for, 243
defined, 87
as ordinal data, 100
p chart, 255–260
u chart, 260–264

attribute measurement systems, 146–149
auditing measurement systems, 143–146
Averages and Ranges chart, 252–255

• B •
Bank of America, Six Sigma and, 16
Black Belts

defined, 13
hiring, 21–22
organizational roles, 18
Six Sigma myths about, 286

blocking and randomizing, 212–213
Board of Directors, change management and, 28
box and whisker plots, 110–114
BPM (Business Process Management), 41
brainstorming, 53–57
breakthrough equation, Y = f(X ) + ε as, 9
budgeting and costs

communicating, 39f
incentive compensation in, 29
for project completion, 288–290
Six Sigma myths of, 285–286
training program, 16, 21–22, 26

business case writing tool, 45–46, 52
business performance. See also measurement tools;

performance measurement
evaluating variation in, 9–12
incentive compensation, 29
IT systems, 41

Leadership Team responsibility for, 27–28
maintaining improvements in, 241–242
for project completion, 287–290
Six Sigma contracting, 26
Six Sigma implementation, 283–286
software tools, 40f
training responsibilities, 16

Business Process Management (BPM), 41
business-customer-process scorecard, 46–48

• C •
C&E Matrix, 73–75
calculations. See also formulas

confidence interval, 169–178
defects rate, 134–135
FTY, 131–132
interaction effects, 219–223
linking yield to defects, 136–137
main effects, 214–219
RTY, 132–134
sigma (Z ) scores, 155–157
software aids in, 93
statistical significance, 224–226
variation, 89, 92–93

capability measurement
improvement plan, 160–164, 168
indices, 160
sigma (Z ) scores, 155–157
standard deviation, 155

categorical data, 87
cause-and-effect diagram. See fishbone diagrams
cause-and-effect matrix. See C&E Matrix
Champion/Senior Champion, 27–28, 30
change management, 20, 28–30
checklists and templates. See also worksheets

accessing this workbook for, 2–3
affinity diagram, 54–55, 57f
business problem areas, 46
business-customer-process scorecard, 47–48f
choosing training options, 22–24
Communications Plan, 38f, 39f
CT tree, 64
fishbone diagram, 59
FMEA, 76
Initiative Management Plan, 41–42
initiative preparation, 36
KBO, 14–15
objective statement, 51
problem statement, 48
process input control plan, 242
process management summary, 242
project initiation, 51
RUMBA, 130
SIPOC diagram, 71–73
software tools, 40f
Variation Journal, 8f

Index

27_045191 bindex.qxd  8/16/06  11:21 PM  Page 291

CO
PYRIG

HTED
 M

ATERIA
L



coefficient of determination (R2), 192
communications

corporate culture, 19–20
getting started in Six Sigma, 2
initiatives, 31–33
for project completion, 289
role of environment in, 36
Six Sigma elevator pitch, 33
Six Sigma FAQ, 33–34
standard tools of, 36–37

Communications Leader, 28
Communications Plan

Communicator matrix, 34–35
elements of the, 31–33
types of, 31
writing the, 38–39

complacency, 20
confidence interval

defined, 169
for means, 170–172
for proportions, 176–178
for standard deviation, 173–176, 180–182

continuous data, 87, 243, 252
continuous variable measurement, 150–152
Control (DMAIC phase)

importance of, 239
maintaining improvements in, 241–242
Poka-Yoke, 240–241
Six Sigma myths, 283–286
using this workbook in, 3–4

control, variation, 7–8
control chart

Averages and Ranges, 252–255
I-MR chart, 249–251
interpretation, 245–248
p chart, 255–260
selection process, 242–245
u chart, 260–264

corporate culture
implementing Six Sigma in, 19–20
KBOs, 14
Six Sigma myths, 283–286
social network in the, 29

correlation
fitted line, 190–196
scatter plot, 115
between variables, 185–189

correlation coefficient (r), 185–186, 199
cost-cutting initiatives, Six Sigma and, 286
costs. See budgeting and costs
CT (Critical To) tree, 62–64
CTCs (critical-to-customer characteristics), 75
curve fitting, 190, 192–193
customers

C&E Matrix, 73
CTCs, 75
deployment initiative and, 29
VOC, 14, 46–48

• D •
d2 distribution, 173
data

attribute, 87, 243, 255–264
categorical, 87
continuous, 87, 243, 252
continuous variable, 150–152
differentiating types of, 87–89, 100
discrete, 87
ordinal, 100
variable, 87
variation location in, 89–92
variation spread in, 92–94

decision tree, 243f
defects rates. See DPMO (defects per million

opportunities); DPO (defects per opportunity);
DPU (defects per unit); performance
measurement

defects/defectives, 136, 243
Define (DMAIC phase) , 3–4, 283–286
deployment initiative

aligning objectives and resources for, 13
conducting training for, 21–24
determining the training program, 16–21
elevator pitch, 33
implementation partners in, 24–26
life cycle, 41–42
planning the KBOs, 13–15
selecting the leadership team for, 27–30
Six Sigma myths, 283–286

Deployment Initiative Communications Plan, 
31–32, 38f

Deployment Leader, 16, 23, 27–28
Design for Six Sigma (DFSS), 18
Design of experiments (DOE), 209–210
Designers, organizational roles of, 18
DFSS. See Design for Six Sigma (DFSS)
discrete data, 87
DMAIC (Define-Measure-Analyze-Improve-Control)

project alignment to, 47f
SIPOC diagrams, 71
Six Sigma myths, 283–286
using this workbook for, 2–3

dot plot, 90–91, 101–102, 107–110
DPMO (defects per million opportunities), 134–135
DPO (defects per opportunity), 134–135
DPU (defects per unit), 11–12, 134–135, 260–261

• E •
EAI. See Enterprise Application Integration (EAI)
80-20 rule (Pareto Principle), 69–71, 145
e-learning, 20
elevator pitch, 33
Enterprise Application Integration (EAI), 41
examples

accessing and locating, 4
affinity diagram, 54–56
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applying Y = f(X ) + ε, 9–11
blocking and randomizing, 213
box and whisker plots, 111–113
business case tool, 46
C&E Matrix, 74
capability improvement plan, 161–162
Communicator matrix, 34–35
confidence interval, 171, 174–175, 177
control chart, 244, 247, 249, 253, 256, 261
correlation coefficient (r), 186–188
CT tree, 62–63
differentiating data, 88
dot plot, 108–109
DPU, 135
fishbone diagram, 58–59
fitted line, 191–192, 193–195
FMEA, 76
FTY calculations, 131
interaction effects, 220–223
linking yield to defects, 136
main effects, 214
measured-to-observed variation, 151
MSA, 144–145, 147–149
objective statement, 50
Poka-Yoke, 240
problem statement, 48–49
process flow maps, 61
RTY, 133
scatter plot, 115–117
short-term vs. long-term, 95–97
sigma (Z ) score, 156, 158
SIPOC diagram, 72
time series charts, 119–120
variation location, 89–91
variation spread, 93
for Y = f(X ) equations, 227

exercise, “Solve It”
affinity diagram, 56–57
blocking and randomizing, 213–214
box and whisker plots, 113–114
C&E Matrix, 74–75
capability improvement plan, 162–164
confidence interval, 172, 175–178
control chart, 244, 248, 251, 255, 259, 264
correlation coefficient (r), 188–189
creating business cases, 46
CT tree, 64
defects rates, 135–136
differentiating data, 88–89
dot plot and histogram, 109–110
fishbone diagram, 59
fitted line, 191–192, 196
FMEA, 76–79
FTY calculations, 132
interaction effects, 223
linking yield to defects, 136–137
main effects, 218–219
measured-to-observed variation, 152
MSA, 145–147

objective statement, 51
Poka-Yoke, 240–241
problem statement, 49
process flow map, 61–62
RTY, 133–134
scatter plot, 117–118
sigma (Z ) score, 157, 159
SIPOC diagram, 72–73
time series charts, 120
variation, 91–92, 94, 97–99
for Y = f(X ), 228

exercise solutions
box and whisker plots, 123–126
brainstorming, 64
C&E Matrix, 82
calculating correlation coefficient, 197–200
capability measurement, 165–168
confidence interval, 179–182
control chart, 266–279
CT tree, 67–68
defects rate, 139–140
defining a project, 52
dot plot and histogram, 121–123
fishbone diagram, 64–65, 80
fitted line, 201–203
FMEA, 83
FTY, 138
MSA, 153–154
Pareto diagram, 80
Poka-Yoke, 265–266
process flow map, 66–67
residual error, 204–208
RTY, 139
scatter plot, 126–127
SIPOC, 81
time series charts, 127–128
2k factorial experiments, 229–236
variation, 100–106
for Y = f(X ) equations, 236–237

expansion phase, 32, 41–42
experimental design, 209–210

• F •
F distribution, 173–175
factorial experiments, 209–214
failure, variation as cause of, 7–8
Failure Modes Effects Analysis (FMEA). See FMEA

(Failure Modes Effects Analysis)
FAQ. See frequently asked questions (FAQ)
financial performance, responsibility for, 28
fishbone diagrams, 57–59, 64–65, 70–71
FMEA (Failure Modes Effects Analysis), 76–79
formulas. See also calculations

accessing and locating, 4
calculation software for, 1
conventions used in this book, 2
Y = f(X ) equations, 9, 227–228
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frequently asked questions (FAQ), 33–34
FTY (first time yield), 131–132
functional sub-optimization, 14

• G •
General Electric, Six Sigma and, 26, 285
goals

establishing objectives, 49–51
KBO checklist, 14
for successful completion of, 289

Green Belts, roles of, 18

• H •
histograms, displaying variation by, 107–110
Honeywell, Six Sigma and, 285

• I •
implementation myths of Six Sigma, 283–286
implementation partners, selecting, 24–25
Improve (DMAIC phase) , 3–4, 14, 283–286
I-MR (individuals and moving range) chart, 249–251
Information Technology (IT) Architecture, 39-41
initialization phase, 32, 36, 41–42
Initiative Management Plan, 41–42
input diagrams

affinity diagram, 53–57
CT tree, 62–64
fishbone diagram, 57–59, 70–71
Pareto Principle (80-20 rule), 69–71
SIPOC diagrams, 71–73

inputs
C&E Matrix, 73
CTCs as, 75
identifying, 53–54
Pareto diagram for, 69–71
prioritizing, 69, 80
Y = f(X ) + ε, 9–11

interaction effects, 219–223
interpolation, 166
inventory measurement, 144–145
Ishikawa diagram, 57–59

• K •
KBO (key business objectives), 2, 13–15. See also

objectives

• L •
leadership

communications initiatives, 31
importance of engaged management in, 23

for project completion, 287–290
role of the Champion in, 28
social network, 29

Leadership Team, 27–30, 53–57
Learning Management System (LMS), 20
life cycle, initiative, 41
linear regression, 190–196
linear relationships, 185–186
long-term capability index, 160
long-term variation, 94–99, 158

• M •
main effects, 214, 217
make vs. buy decision process, 22f
management

initiative leadership, 36
for project completion, 287–290
Six Sigma proficiency for, 1
Six Sigma training program, 16–26
software tools, 40f

Master Black Belts, role of, 18, 21–22
mathematical calculations. See calculations;

formulas; statistics
mean, 89, 170–172
Measure (DMAIC phase) , 3–4, 283–286
measured-to-observed variation, 150–152
measurement system analysis. See MSA

(measurement system analysis)
measurement tools. See also performance

measurement
importance of communications, 31
IT systems, 41
management software, 40f
practitioner software, 40f
SMART objective statements, 50

measures of variation, 89–92, 94, 104
median as measure of variation, 89
Minitab calculation software, 1
mode as measure of variation, 89
Motorola, Six Sigma and, 23, 284–285
MSA (measurement system analysis)

attribute analysis, 146–149, 154
audit, 143–146
continuous variable data, 150–152

• N •
new-hire training, 16

• O •
Objectives, 49–51, 287–288. See also KBO (key

business objectives)
off-site retreats, 20, 36
ordinal data, 100
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outcomes
C&E Matrix, 73
CT tree, 62–64
linking yield to defects, 136
Pareto Principle (80-20 rule), 69, 145
process flow maps, 60–62
Y = f(X ) + ε, 9–11

outliers, 89, 108
outsourcing

make vs. buy decision process, 23
Six Sigma myths, 285–286
training program, 21–23

• P •
p chart, 255–260
Pareto Principle (80-20 rule), 69–71, 145
performance measurement. See also business

performance; measurement tools
attribute measurement systems, 146–149
continuous variable measurement, 150–152
control charts, 242–248
creating specifications for, 129–130
defects rate calculations, 134–135
FTY calculations, 131–132
linking yield to defects, 136–137
MSA, 143–146
for project completion, 287–290
sigma (Z ) scores, 155–158
Six Sigma implementation, 283–286
training program, 17–19

Poka-Yoke, 239–241, 266
problem statements, 48–49, 52
problem-solving

applying Six Sigma to, 2–3, 45–46
brainstorming as, 53–54
KBO, 13–15
Six Sigma myths, 283–286
SMART objective statements, 50

process alignment, 15
process behavior charts, 119–120
process flow maps, 60–62, 66–67, 71
process input control plan, 241–242
process management summary, 241–242
process modeling, 283
project charter, 36f, 288
Project Communications Plan, 31–32, 38f
project management, 40, 290
projects

creating ideas for, 45–46
defining objectives, 13–15, 49–51
prioritizing and aligning, 46–48
problem statements, 48–49
Six Sigma myths about, 286
successful completion, 45
successful completion of, 287–290

proportion defective, 255
proportions, 176–178

• R •
randomization and blocking, 212–213
range as a measure of variation, 92
ranking inputs and outputs, 73–75
refresher training, 16
residual error (ei), 192
resistance to change. See change management
risks and pitfalls

accessing and locating, 4
change management, 29
cost-cutting initiatives, 285
DFSS undertraining, 19
measuring variation, 94
scoping projects, 287
training program, 16, 26

RPN (risk priority number), 78–79, 83
RTY (rolled throughput yield), 11–12, 132–134, 140
RUMBA test of specifications, 129–130

• S •
scatter plots, 114–118, 127, 192
Service-Oriented Architectures (SOA), 41
shareholders. See stakeholders
short-term capability index, 160
short-term variation, 94–99, 158
sigma (Z ) score, 155–157, 170
sigma shift, 158
SIPOC diagrams, 71–73
Six Sigma

defined, 1
frequently asked questions (FAQ), 33–34
implementation myths, 283–286
incentive compensation and, 29
initiative life cycle, 41–42
Motorola origins of, 23
organizational roles, 17–18
performance measurement, 129
pricing and contracting, 26
software tools, 40f
statistical sampling, 169
for successful completion of, 287–290
training options for, 21–24

Six Sigma initiative. See deployment initiative;
projects

SMART objective statements, 50
SOA. See Service-Oriented Architectures (SOA)
social network, identifying, 29
software

make vs. buy decision process, 22
process modeling, 283
selecting, 39–40
for Six Sigma calculations, 1
statistics, 93

“Solve It” exercises. See exercise, “Solve It”
special causes events, 245–247
specifications, 129–130, 160
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stakeholders
communications, 33–35
identifying, 28–29
maintaining support of, 289–290

standard deviation
calculating confidence intervals for, 173
capability measurement, 155
as a measure of variation, 92, 193
short-term vs. long-term, 158

statistical process control chart. See control chart
statistical sampling, 169
statistics

assumptions about, 2
calculating variation location, 89–92
determining significance, 224–226
interaction effects, 219–223
main effects, 214–219
measuring variation spread, 92–94
sampling distribution, 169

Suppliers-Inputs-Process-Outputs-Controls (SIPOC).
See SIPOC diagrams

sustaining phase, 32, 41–42

• T •
t values, 170
templates. See checklists and templates; 

worksheets
time series charts, 119–120
training program

corporate culture and, 19–20
defining the, 20–21
managing the, 16–17
options for conducting the, 21–24
organization and scope, 17–19
pricing and contracting, 26
selecting a, 16
selecting implementation partners, 24–25
Six Sigma myths, 283–286

2k factorial experiments
calculating interactions, 219–223
calculating main effects, 214–219
creating Y = f(X ) equations, 227–228
determining significance, 224–226

• U •
u chart, 260–264
U. S. Air Force, Six Sigma and, 16

• V •
variable data, 87
variables

blocking and randomizing, 212–214
conventions in this workbook, 2

correlation between, 185–189
curve fitting to, 190–192
interaction effects, 219–223
main effects, 214–219
residual error and unexplained, 192–196

variance as a measure of variation, 92
variance ratios, 150–152
variation

assessing the impact of, 11–12
calculating, 89–99, 103
confidence interval, 169
evaluating with Y = f(X ) + ε, 9–10
FMEA, 76
identifying causes of, 57
measured-to-observed, 150–152
recognizing and journaling, 7–8
short-term vs. long-term, 94–99
Six Sigma goals, 7
special causes, 245–247

variation displays
box and whisker plots, 110–114
dot plot and histogram, 107–110
scatter plots, 114–118
time series & process behavior charts, 119–120

Variation Journal, 8f
Voice of the Business (VOB), 14, 47–48
Voice of the Customer (VOC), 14, 47–48, 73
Voice of the Process (VOP), 47–48

• W •
worksheets. See also checklists and templates

calculating RTY and DPU, 12f
hardware/software selection, 39f
KBO alignment, 15f
Leadership Team membership, 30f
make vs. buy, 24f
Skills Assessment, 17f
training program, 19f, 25f
Y = f(X ) ε, 10f, 11f

• Y •
Y = f(X ) + ε

as breakthrough equation, 9
C&E Matrix, 73
example for applying, 9–11
identifying inputs in, 53

Y = f(X ) equations, 227–228
Yellow Belts, organizational roles of, 18
yield and defects rates. See performance

measurement

• Z •
Z score, 155–157, 165–166, 170
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