
Index
• Numerics •
1.5-sigma shift, 192–195
2k factorial experiments

analyzing
effects, 270–276
equation, 276–278
overview, 270

conducting
blocking, 269
gathering data, 269–270
overview, 269
randomizing, 269

planning
experiment factors, 266–267
experimental codes and design matrix, 

267–268
overview, 266

3-Gen approach (going to gemba), 
98, 109, 350

5S method, 285–287, 351
80-20 rule, 40

• A •
absolute values, 128
academic training, 356
acceptance handling, 324
accountability, 13
accuracy, 201–202
achievability, 20
actions, improvement, 111
actuals, 339
adjusted long-term capability (P

PK
) indices, 

195, 198
adjusted short-term capability indices 

(C
PK

), 195–198
affi nity diagrams, 70, 102, 314
AIAG (Automotive Industry Action Group), 

107–110

alignment, 338
alpha (α) risk, 232
American Society for Quality (ASQ), 354
American Statistical Association (ASA), 354
analysis of variance (ANOVA), 279
analytics

calculators, 324–325
computers, 325
manual computations, 324

Analyze step, 44, 66–67
andons, 333
ANOVA (analysis of variance), 279
Apple iWork, 316
approval, project, 85–86
ASA (American Statistical Association), 354
as-is state, 92, 97–98
ASQ (American Society for Quality), 354
assignments, project, 85–86
associations, 354
attainability, 20
attribute (category) data

control charts, 292, 305–308
description, 114–115
measurement system studies, 204–207

audits, 203–204
Automotive Industry Action Group (AIAG), 

107–110
average. See mean
averages and ranges (X – R) charts, 

292, 301, 303–304
averages and standard deviations (X – S) 

charts, 292, 301, 304

• B •
balanced scorecards, 340–342
Bank of America, 12
baselines

description, 74–75
modeling, 92
plans, 340

37_9781118120354-bindex.indd   35737_9781118120354-bindex.indd   357 8/31/12   1:37 PM8/31/12   1:37 PM

CO
PYRIG

HTED
 M

ATERIA
L

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



358 Six Sigma For Dummies, 2nd Edition 

batch processing, 160
behavior, 26–30
behavior charts. See process 

behavior charts
belief systems, 26–30
believability, 20
bell-shaped variation, 165–173
belt terminology

Black Belts
problem diffi culty distribution, 86
project management, 332
responsibilities, 55, 351–352
role relationship map, 52
spreadsheets and, 325–326

Green Belts, 52, 54–56, 86, 351–352
Master Black Belts, 55, 86, 351–352
overview, 54–55
unleashing potential, 347
Yellow Belts, 54, 56, 86, 352

benefi ts, project, 337
βs (coeffi cients), 277–278
between group variation, 214–215
between unit variation, 216, 220–221
beyond control limits, 298
Black Belts

problem diffi culty distribution, 86
project management, 332
responsibilities, 55, 351–352
role relationship map, 52
spreadsheets and, 325–326

blocking, 269
boil-the-ocean approach, 263–264
books, 355
boutiques, 356
box and whisker plots

custom, 141–143
interpreting, 143–144

box scores, 98–99
boxes, 141
BPM (business process management), 

320–321, 327
BPMN (Business Process Modeling 

Notation) standard, 89
brainstorming tools

affi nity diagrams, 70, 102, 314
fi shbone (Ishikawa) diagrams, 102–103, 314

breakthrough
designing for, 45–47
managing for, 45, 47
processing for, 45–46
thinking for, 45–46

breakthrough equation (Y = f(X) + ε), 
31–32, 277–278

breakthrough improvement, 12, 82–83
buckets, 305
business cases, 68–70
business process management (BPM), 

320–321, 327
Business Process Modeling Notation 

(BPMN) standard, 89
business unit deployment leaders, 53

• C •
C&E analysis. See cause-and-effect analysis
calculators

hand-held, 324
online, 324–325

capability
belief system and, 26
calculating online, 324
defect rate, 184–189
indices, 195–198
overview, 179
short-term, 192–195
sigma (Z) score, 189–195
yield, 179–184

capture, process, 319
category data. See attribute data
causation, 34–35, 223–224, 246
cause and effect, 33–34, 108
cause-and-effect (C&E) analysis

group input, 164
matrix, 161–162
overview, 161
score, 162–163
weight, 162

centerlines, 293
central limit theorem, 228–229
central tendency, 118–119
Champions, 53, 332, 351–352
change management, 333
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changeover times, 99
characteristic behavior charts. See process 

behavior charts
characteristic performance distribution, 190
characterizing

experiments, 265
process, 319

charts. See graphical analysis; names of 
specifi c charts; process behavior charts

chi factor (χ2 factor), 235
closed-loop behavior, 92
clusters, 69–70
Coca-Cola Company, 17–18
coded design matrix, 268, 270
coded setting values, 271–273
coeffi cient of determination (R2), 253
coeffi cients (βs), 277–278
colleagues, 353
commitment, top, 13
common cause variation, 36–37, 127, 296
communication, leadership and, 332, 334
communications plan, 57
communications representatives, 51
complaints, 185
complexity, 183–184
computers. See also technology tools

desktop
Microsoft Offi ce, 316–317
overview, 313
process mapping, 317–318, 320–321

laptop, 313
programs and utilities for Six Sigma, 325

conferences, 355
confi dence intervals

for means, 230–234
overview, 230
for proportions, 237–239
for standard deviations, 234–237

confounding (outside) variables, 34
consistency, 26, 37
constant terms, 277
consultants, 355–356
continuous (variable) data, 113–116, 

291–292, 300–304

continuous variable measurement system 
studies, 207–208

control charts
for attribute data, 305–308
collecting data, 300
for continuous data, 300–304
control limits, 294–296
keeping process on track, 296–297
monitoring, 293–294
overview, 291–293
patterns, shifts, and drifts, 297–300

control limits, 294–296
control planning, 65, 281–284, 288
Control step, 44, 66–67
controls

calculating online, 324
identifying current, 109
methods, 284
project defi nition, 337
scoring detection, 109–111

conventions, drawing, 89–90
core teams, assembling, 49–50
corporations, 354
correlation coeffi cient (r), 244–245
correlations

calculating, 243–246
causation versus, 34–35
drawing from scatter plots, 146–150

cost avoidance, 76
cost improvements, 75
costs

of poor quality, 25
of resources consumed, 91

count (frequency), 136
C

P
 (short-term capability indices), 195–196

C
PK

 (adjusted short-term capability 
indices), 195–198

critical few
narrowing data, 210–211
separating and utilizing, 41–42
trivial many and, 40–41

critical-to (CT) trees, 314
critical-to-quality outputs (CTQs), 282
culture change, 16
curvature, 278
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curve fi tting
linear regression, 247–249, 254–257
overview, 246–247
residuals and, 249–254

customer value
ascertaining, 156
Kano’s framework, 158–160
overview, 155–156
value add processes, 349
waste, 157–158

customers
considering, 97
defi nition, 93
focus on, 13

cycle times
for process elements, 90
versus takt time, 98–99

cycles, 300
cyclical variation, 216, 220–221

• D •
dashboards, 333, 340–341
data. See also attribute data; continuous data

gathering, 210–211, 269–270, 300
measuring, 39
overview, 113
querying, 210–211
statistics, 116–124
trusting, 346
types, 113–116
variation, 125–131

data entry, 315
Data icon, 90
data mining

fi lling funnel
gathering and querying data, 210–211
overview, 209

graphical analysis
example, 213–215
interaction effects plots, 215
main effects plots, 215
multi-vari studies, 215

multi-vari charts
categorizing variations, 216–217
example, 223–226

interpreting, 220–222
new, 218–220
sampling plan, 217–218

observational studies
description, 212–213
recording data, 211–212

data points, 244–245, 294
Decision icon, 90
decision-making

central limit theorem, 228–229
confi dence intervals, 230–239
populations and samples, 227–228
with samples, 231–233

defect rate
DPMO, 188–189
DPO, 187–188
DPPM, 185
DPU, 186
failure, 185–186
linking yield and, 189
overview, 184–185
sigma scores, 194–195

defective parts per million (DPPM), 185
defectives, 305–307
defects

control charts, 305–308
levels, 74
preventing with Poka-Yoke, 287–288
sigma scale, 28–29
waste, 157

defects per million opportunities (DPMO), 
185, 188–189, 194

defects per opportunity (DPO), 
185, 187–188

defects per unit (DPU), 185, 186
Defi ne, Measure, Analyze, Improve, Control 

(DMAIC) method, 43–45
Defi ne step, 44, 63, 66–67
defi nition tools, 335
delighters, 159
Deming, W. Edwards, 47
Deming cycle, 351
deployment leaders, 51–53
deployment stage, 58
Design for Six Sigma (DFSS), 46–47
design matrices, 267–268
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Design of Experiments. See DOE
designing for breakthrough, 45, 46–47
desktop computers

Microsoft Offi ce, 316–317
overview, 313
process mapping, 317–318, 320–321

detection scoring scale, 110–111
determinism

cause and effect, 33–34
resisting superstitious delusions, 34–35

deterministic situations, 246–247, 265
deviations

bell-shaped variation, 166–167
characteristic performance 

distribution, 190
population, 235–237
qualifying variations in terms of, 253
short-term, 128
for small samples, 232
standard, 121–124, 190–191

DFSS (Design for Six Sigma), 46–47
diagramming

brainstorming tools
affi nity diagrams, 70, 102, 314
fi shbone (Ishikawa) diagrams, 

102–103, 314
failure mode effects analysis

calculating and reviewing risk priority 
number scores, 111

controls, 109–111
devising and assigning improvement 

actions, 111
effects of failures, 106–108
failure modes, 106, 108–109
listing process steps, 104–106
overview, 103–104

difference of proportions, 239
distribution. See also standard 

normal distribution
adjusted short-term capability index, 197
calculating online, 324
in comparative box plots, 143–144
control charts, 293–294
description, 117–118
location, 118–120
multi-modal, 138–139

nonstandard, 171–172
normal, uniform, and skewed, 137–138
sampling, 229
sigma (Z) score, 191
skewed, 137–138

disturbances to the process, 128–129
DMAIC (Defi ne, Measure, Analyze, Improve, 

Control) method, 43–45
Docs, Google, 316
Document icon, 90
documents

management, 340
reading with Microsoft Offi ce, 316

DOE (Design of Experiments)
ANOVA, 279
approaches, 262–265
curvature, 278
fractional factorial experiments, 279
improvement with, 259–262
overview, 259
replications, 278
response surface methods and 

optimization, 279
robustness, 279
2k factorial, 266–278

domains of activity
designing for breakthrough, 46–47
managing for breakthrough, 47
processing for breakthrough, 46
thinking for breakthrough, 45–46

dot plots, 136–140
DPMO (defects per million opportunities), 

185, 188–189, 194
DPO (defects per opportunity), 

185, 187–188
DPPM (defective parts per million), 185
DPU (defects per unit), 185, 186
drawing conventions, 89–90
drifts, 297–300
Dupont, 12

• E •
e (constant), 189
EBIT (Earnings Before Income Tax), 64
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effects
of failures, 106–108
interaction, 256, 272–274
main, 256, 270–272
overall and second-order, 256
signifi cant, 274–276

80-20 rule, 40
e-mail, 334
enterprise service bus (ESB), 333
enterprise-class technology, 313–314, 321
entitlement, 80–81, 130–131
entitlement level

defi nition, 46
of performance, 81, 279

entitlement variation. See short-term 
variation

ε. See error
equations

breakthrough, 31–32, 277–278
general, 276–277

equipment
breakdown of, 131
maximizing availability of, 99

error (ε)
defi nition, 32, 123
exposing hidden, 24
risk, 42
summed square error, 252–253

ESB (enterprise service bus), 333
evaluation, 338
Excel, Microsoft, 172–173, 326
executive dashboards, 341
executives, 48–49
expansion stage, 59–60
expectations, 35
experiments. See also 2k factorial 

experiments; DOE
design matrix and codes, 267–268
factors, 266–267
versus observational studies, 212–213

external forces, 131
extra processing, 157

• F •
f (function), 31–32
F tests, 253

F values, 236–237
factorial experiments. See 2k factorial 

experiments
factors, DOE, 261
fails, 205–206
failure mode effects analysis. See FMEA
failure modes, 104, 106–109
failures

defects, 185–186
effects, 106–108

fi nance representatives, 50
fi nancial guidelines, 57
fi nancial measures, 345
fi rst quartile, 142
fi rst time yield (FTY), 180–182
fi shbone (Ishikawa) diagrams, 102–103, 314
5S method, 285–287, 351
fl at fi les, 317
fl ow, 99, 350
fl owcharting software, 317–318, 320–321
FMEA (failure mode effects analysis)

calculating and reviewing risk priority 
number scores, 111

controls, 109–111, 288
devising and assigning improvement 

actions, 111
effects of failures, 106–108
failure modes, 106, 108–109
leveraging for value, 164
listing process steps, 104–106
overview, 103–104

football example, 23–25
Ford, Henry, 12
Ford Motor Company, 22
Ford Probe, 22
fractional factorials, 266, 279
frequency (count), 136
FTY (fi rst time yield), 180–182
function (f), 31–32
functional representatives, 50–51

• G •
Galvin, Robert, 14
Gantt project schedules, 339
gauge studies, 207–208
gemba, 98, 109
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genchi genbutsu, 98, 350
General Electric, 12
genjitsu, 350
goals, 84, 346–347
going to gemba (3-Gen approach), 

98, 109, 350
Google Docs, 316
graphical analysis. See also control charts

affi nity diagrams, 70
averages and ranges, 292, 303–304
averages and standard deviations, 

292, 304
bell-shaped variation, 165
box and whisker plots, 141–144
cause-and-effect matrix, 161–163
of characteristics, 21, 190
confi dence intervals, 231, 234
control charts, 295, 298
distribution, 197, 294
dot plots, 136–140
effective width, 196
failure mode effects analysis, 103–111
fi rst time yield, 181
hidden factory, 182
histograms, 136–140, 294–295
individual values and moving ranges, 

292, 302–303
interaction effects, 274
macro process maps, 73
main effects plots, 150, 271–272
of mean and median, 120
multi-vari charts, 219–226
non-normal behavior, 152
non-random disturbances, 129
non-value added process steps, 158
normal probability plots, 174–177, 276
overview, 135
p charts, 292, 306–307
possible variables and key outputs, 

214–215
probability distributions, 129–130
process behavior charts, 150–154
process maps, 88, 91–92
residual plots, 250–252
runs, 154
samples, 229

scatter plots, 144–150, 254–255
shifts, 154
simple linear regression, 248
standard normal probability table, 

167–171
time scales, 117–118
time-series charts, 74
traditional yield, 180
trends, 153
u charts, 292, 307–308
value stream maps, 94–99
variation, 125–127, 193, 213–215

Green Belts, 52, 54–56, 86, 351–352
group input, 164, 332, 351
group members. See team members

• H •
hand-held calculators, 324
hard savings, 75
help resources

associations, 354
books, 355
colleagues, 353
conferences, 355
consultants, 355–356
corporations, 354
social networks, 353–354
societies, 354
technology vendors, 355
trainers, 356
web searches, 353–354

hidden factory, 24–25, 81–82, 182
histograms, 136–140, 294–295
Honeywell, 12
hugging, 300
human resources (HR), 51, 57

• I •
I –  (individual values and moving 

ranges) charts, 292, 301–303
icons, mapping, 90
idealistic measures, 192
ideation, 335–336
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implementation stage, 58–59
improvement

actions, 111
belief system and, 26
breakthrough, 12
control planning, 281–284, 288
DMAIC, 44, 66–67
experiments, 278–279
5S method, 285–287
by managers, 352
mindset, 352
mistake-proofi ng with Poka-Yoke, 287–288
opportunities, 99
overview, 281
standards, 289
target amount for project, 80–83

in spec, 21
independence, 124
indices. See capability; graphical analysis
individual values and moving ranges 

(I – ) charts, 292, 301–303
information fl ow, 99
information technology (IT), 51, 58
infrastructure, 15–16
initialization stage, 57–58
initiatives, 56–60
input, team

cause-and-effect analysis, 164
involving right people in project, 332
Lean practices, 351
value stream maps, 97

input forms, 315
inputs

breakthrough equation, 31–32
cause-and-effect matrix, 161–163
critical few, 41–42
defi nition, 93
determinism, 33–34
entitlement level of performance, 81
fi shbone diagrams, 103
narrowing fi eld, 210–211
plotted against outputs, 145, 149
possible variables, 213–215
process control plans, 283
recording, 212

relationship between outputs and, 
260–262

residuals versus observed, 251
2k factorial experiments, 266

Inspection icon, 90
inspection measurement systems, 204–205
Inspection step, 81–82
instructions, handwritten, 315
intelligence tools, 340–342
interaction effects, 215, 256, 272–274
International Society of Six Sigma 

Professionals (ISSP), 354
inventory

decreasing, 99
waste, 157

Ishikawa (fi shbone) diagrams, 102–103, 314
Ishikawa, Kaoru, 102
iSixSigma forum, 354
ISSP (International Society of Six Sigma 

Professionals), 354
IT (information technology), 51, 58
iWork, Apple, 316

• J •
JMP products, 329

• K •
kaizen, 351–352
Kano, Noriaki, 158
Kano’s framework, 158–160
key goals, 346–347
Key Performance Indicators (KPIs), 64
knowledge management (KM) tools, 

333, 342

• L •
laptop computers, 313
largest observed value (xMAX), 121, 142–143
launch planning, 57
layouts, 99
LCLs (lower control limits), 293
leadership, 47–48, 332, 347
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Lean methodology
customer value, 349
5S method, 351
fl ow, 350
improvement, 352
muda-mura-muri (waste), 350–351
practices, 59
simplicity, 351
team input, 351
3-Gen approach (going to gemba), 350
value stream maps, 350

learning tools, 333
left-hand probability, 173
letters, 334
levels, DOE, 261
leverage, 39–42
limits, 196
linear regression

multiple, 255–257
simple, 247–249, 254–255

linearity, 202, 244–246
ln (natural logarithm), 189
location, of distribution, 118–120
long-term calculations, 191–192
long-term capability (P

P
) indices, 195, 198

long-term performance, 192–195
long-term variation

computing, 130
non-random behavior, 129–130
overview, 128–129
shift, 128–130
short-term variation and, 27–28, 37–38, 

125, 131
Lord Kelvin (William Thompson), 116–117
Lotus 1-2-3, 326
lower control limits (LCLs), 293
lower specifi cation limits (LSLs), 19, 21
low-hanging fruit, 60
LSLs (lower specifi cation limits), 19, 21

• M •
machine operators, 131
macro process maps, 73
macros, 326

magnitude of problems, 74, 79
main effects

calculating, 270–272
plots, 150, 215
terms, 256

management
commitment, 13
dashboards, 58
executives and, 48–49
functional, 332
improvement by, 352
objective statements and, 84–85
perspective, 11–16
project defi nition, 337
responsibilities, 48–49
review process, 16

managing for breakthrough, 45, 47
manual tools, 312–315, 324
mapping. See also value stream maps

with Microsoft Visio, 317–318
overview, 87, 320–321
process, 88–92
SIPOC, 93–94
value stream maps, 94–99

mapping icons, 90
Master Black Belts, 55, 86, 351–352
master standards, 205–206
matrices

cause-and-effect, 161–162
design, 267–268, 270
tables and, 315

Mazda MX-6, 22
mean (average)

bell-shaped variation, 166
calculating, 119–120
characteristic performance 

distribution, 190
comparing, 233–234
confi dence intervals, 230–234, 239
for control charts, 293
defi nition, 36
simple linear regression, 249
for units, 219–220
variation average, 140

measurability, 20
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Measure step, 44, 66–67
measurement

accuracy of, 201–202
confi dence, 230
with data, 39
multi-vari charts, 219
output and input, 38–39
overview, 38
precision of, 202–203
resolution of, 201

Measurement System Analysis. See MSA
median, 119, 120, 142
memos, 334
metrics, 13
Microsoft Excel, 172–173, 326
Microsoft Offi ce

overview, 316
presentation packages, 317
reading documents, 316
spreadsheets, 316–317

Microsoft Project, 339
Microsoft Visio, 317–318
mining data. See data mining
Minitab package, 328
mistake-proofi ng, 287–288
mode, 119, 138–139
modeling processes, 92
monitoring, 293–294
motion, 157
Motorola, 12, 14, 54
moving range charts, 302–303
MSA (Measurement System Analysis)

methods, 203–208
overview, 199
variation in, 200–203

muda, 350–351
muda-mura-muri (waste), 350–351
multi-modal distribution, 138–139
multiple linear regression, 247, 255–257
multitasking, 264–265
multi-vari charts

categorizing variations, 216–217
description, 215
example, 223–226
interpreting, 220–222

new, 218–220
overview, 216
sampling plan, 217–218

mura, 350–351
muri, 350–351

• N •
natural logarithm (ln), 189
needs, 159
Net Profi t Before Income Tax (NPBIT), 64
nodes, 90
non causa pro causa, 34
non-conformities per unit (u) charts, 

292, 305
non-normal behavior, 151–152, 177
non-random behavior, 129–130
non-value added (NVA) process steps, 

91, 98, 156, 158
normal behavior, 150–152
normal distribution, 137, 191
normal probabilities, 172–173
normal probability plots, 174–177, 276
normal score. See sigma score
normally-shaped variation

bell-shaped, 165–173
normal probability plots, 174–177

NORMDIST(x, x, s, 1) formula, 173
NORMINV(probability, x, s) formula, 173
NORMSDIST(z) formula, 173
NORMSINV(probability) formula, 173
NPBIT (Net Profi t Before Income Tax), 64
nuisance factors, 32, 269
NVA (non-value added) process steps, 

91, 98, 156, 158

• O •
objectives

demonstrating, 74
linking projects to, 84
project defi nition, 336
setting, 80
statements, 83–85
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observational studies
description, 212–213
versus experiments, 260
overview, 211
recording data, 211–212

occurrence scoring scale, 108
Offi ce suite. See Microsoft Offi ce
offset terms, 277
1.5-sigma shift, 192–195
one-factor-at-a-time approach, 263
one-sided specifi cations, 18
online calculators, 324–325
online training, 356
Op i, 81
Open Source OpenOffi ce, 316
opportunities, 187–189
optimization, RSM and, 279
optimization experiments, 265, 279
ordinal data, 115
organizing

DMAIC method, 43–45
domains of activity, 45–47
roles, 48–56
stages of initiative, 56–60

out of control, 41
outliers, 120–122, 140, 152–153
outputs

along time scales, 117–118
breakthrough equation, 31–32
cause-and-effect matrix, 161–163
defi nition, 93
determinism, 33–34
entitlement level of performance, 81
fi shbone diagrams, 102–103
graph of behavior over extended period, 

125–127
identifying signifi cant, 73
for improvement, 73
inputs and, 38–39, 145, 149, 260–262
key, 213–215
recording, 212
variation, 36, 129

outside (confounding) variables, 34
overall effects, 256
overproduction, 157
overtraining, 348

• P •
p (proportion nonconforming) charts, 

292, 305–308
paired data, 243–244, 268
Pareto, Vilfredo, 40, 204
Pareto diagrams, 204
Pareto principle, 266
passes, 205–206
patterns, 297–300
PDCA (Plan-Do-Check-Act) cycle, 351
performance

description of Six Sigma, 9–11
entitlement level, 81
forecasting, 243–258
long-term, 192–195
managerial perspective, 11–16

perspectives, 92
phone calls, 334
pi (π), 183
PI (process intelligence), 318–319, 333, 340
Plackett-Burman experiment designs, 

266–267
Plan-Do-Check-Act (PDCA) cycle, 351
planning, 346
platforms

desktops and laptops, 313
enterprise-class technology, 313–314
manual tools, 312–313
overview, 312
smartphones and tablets, 313

plots. See graphical analysis
pocket calculators, 324
Poka-Yoke, 287–288
populations

samples and, 227–228
standard deviation, 235–237

positional variations, 216–217, 220–221
potential

savings, 75
unleashing, 347
value, 76

PowerPoint, 317
P

P
 (long-term capability) indices, 195, 198
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P
PK

 (adjusted long-term capability) indices, 
195, 198

practical problems and solutions, 65
precision, 202–203
predictions, 248, 250
presentations, 317, 334
principles of Six Sigma

breakthrough equation, 31–32
determinism, 33–35
leverage, 39–42
measuring, 38–39
reducing variation, 35–38
risk management, 42

prioritizing, 338
probability

bell-shaped variation and, 165–173
control limits and, 294–295
formulas, 173
quality and, 27

probability distribution (probability 
density function)

bell-shaped variation, 166–167
defi nition, 118
interaction effects, 275
long-term and short-term process 

variation, 129–130
patterns, shifts, and drifts, 297
standard normal, 167–171

problem statements, 77–79
process behavior charts, 150–154
process capability, 324
process capture, 319
process characterization, 319
process control plans, 281–282
process fl ow, 160–161
Process icon, 90
process intelligence (PI), 318–319, 333, 340
process mapping

acknowledging as-is state, 92
drawing process map, 89–90
manual tools and, 315
with Microsoft Visio, 317–318
overview, 88–89
process points, 90–92
SIPOC, 94
swim lanes, 91–92

process monitoring, 282
process orientation, 13–14
process outputs, 73
process owners, 85–86
process points, 90–92
process steps

capturing, 97–98
listing, 104–106
rolled throughput yield, 183–184

process timeline, 98
processes, SIPOC, 93
processing

for breakthrough, 45–46
extra, 157

production fl ow, 160–161
progressing, 264–265
Project, Microsoft, 339
project defi nition, 336–337
project focus, 14
project management

communicating, 334
involving right people, 332
overview, 331
tools, 332–333, 335–340

project selection
alignment, 338
evaluation, 338
overview, 337
priority, 338

projects
aligning, 66, 346–347
approval and assignment, 85–86
defi ning, 70–76
launching, 64–67
lifecycle of, 65
map of Six Sigma activity, 52
objective statements, 83–85
overview, 63, 77
problem statements, 77–79
responsibility and ownership, 67
scoping, 347–348
selection guidelines, 57
target amount of improvement, 80–83
tracking and reporting, 58
writing business case, 68–70
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proportion nonconforming (p) charts, 
292, 305–308

proportions
confi dence intervals, 237–239
difference, 239

protocols. See platforms
purposes, 336

• Q •
quadruplets, 268
quality

behavior determined by belief systems
calculating Six Sigma quality, 28–30
comparing, 26
connecting quality and variation, 27–28
overview, 26
rolled throughput yield, 27

defi nition
avoiding hidden factory, 25
cost of poor quality curve, 23–25
overview, 20–23

specifi cations
defi nition, 18–19
need for, 18
overview, 17–18
RUMBA, 19–20

quantifi able metrics, 338
quartile values, 142

• R •
r (correlation coeffi cient), 244–245
R (range), 121–122, 127–128, 140
R2 (coeffi cient of determination), 253
random variables, 256
randomizing, 269
range (R), 121–122, 127–128, 140
rank order data, 115, 176
ratio of variances, 239
rational subgroups, 300
raw materials, 131
Realize step, 66

Reasonable, Understandable, Measurable, 
Believable, Attainable (RUMBA) test, 
19–20

reasonableness, 20
Recognize step, 66
relationships, 146–150, 162, 260–262. See 

also correlation coeffi cient
repeatability, 202–203, 206
repetitions, 229
replication, DOE, 261
replications, 278
reporting, 335, 339
reproducibility, 202–203, 206
residuals

curve fi tting and, 249–254
in multiple linear regression model, 256

resolution, 201
response, DOE, 261
response surface methods (RSM), 279
responsibilities, project, 67
results, 65, 345–346
return on investment (ROI), 13
rework, 24, 182
rise, 149
risk, 337
risk management, 42
risk priority number (RPN) scores, 104, 111
robustness, 279
ROI (return on investment), 13
roles

Black Belts, 55
problem diffi culty distribution, 86
project management, 332
responsibilities, 55, 351–352
role relationship map, 52
spreadsheets and, 325–326

Champions, 53, 332, 351–352
core team, 49–50
deployment leader, 51–53
executives and managers, 48–49
functional representatives, 50–51
Green Belts, 52, 54–56, 86, 351–352
hierarchy, 55
Master Black Belts, 55, 86, 351–352
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roles (continued)

overview, 48, 54–55
relationships, 52
Yellow Belts, 54, 56, 86, 352

rolled throughput yield (RTY), 27, 180, 
183–184

Royal Statistical Society (RSS), 354
RPN (risk priority number) scores, 104, 111
RSM (response surface methods), 279
RSS (Royal Statistical Society), 354
RTY (rolled throughput yield), 27, 180, 

183–184
RUMBA (Reasonable, Understandable, 

Measurable, Believable, Attainable) 
test, 19–20

run order, 150
runs

Design of Experiments, 261
overview, 153–154
ratio of rises to, 149

• S •
SaaS (Software as a Service), 314
Saint John’s University, 325
samples

data, 296
populations and, 227–228

sampling distribution, 229
SAS Institute, 329
savings, 75
Sayer, Natalie, 349
scatter plots

developing, 144–145
drawing correlations from, 146–150, 

243–245
fi tting lines, 254–255

schedules, 337, 339
scoping projects, 347–348
scoring

balanced scorecards, 340–342
calculating and reviewing risk priority 

number scores, 111
cause-and-effect matrix, 162–163
detection of controls, 109–111

occurrence of failure modes, 108–109
relationships, 162
severity of effects of failure, 107–108
standard deviation, 122–123

screening experiments, 265
screening measurement systems, 204
scrubbing, 286
second-order effects, 256
seconds2, 124
selection, 335
self-healing, 60
service providers, 131
Service-Oriented Architecture (SOA), 333
severity scoring scale, 107–108
Shewhart, Walter, 296
shifts, 154, 192–193, 297–300
Shingo Prize for Operational Excellence, 354
short-term (ST ) variation

calculating, 127–128
long-term variation and, 37–38, 131
mini-causes, 126–127
overview, 125–126
as probability distribution, 129–130
quality and, 27–28

short-term calculations, 191–192
short-term capability indices (C

P
), 195–196

short-term capability, linking to long-term 
performance with 1.5-sigma shift, 
192–195

short-term data, 74
sigma (Z) score

1.5-sigma shift, 192–195
overview, 189–190
short-term versus long-term calculations, 

191–192
signifi cant effects, 275–276
standard deviations, 190–191

sigma scale, 28–30
Σ (sum up), 120
σ2 (variance), 121, 123
simple linear regression, 247–249, 254–255
simplicity, 351
single piece production fl ow, 160
SIPOC (Suppliers-Inputs-Process-Outputs-

Controls) tool, 93–94
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Six Sigma
description, 9–11
history of, 14
level of quality, 189
universality of, 348

Six Sigma Benchmarking Association, 354
skewed distribution, 137–138
slope, 149–150
SLs (specifi cation limits), 18–19, 191, 297
smallest observed value (xMIN), 

121, 142–143
smartphones, 313
SOA (Service-Oriented Architecture), 333
social networks, 353–354
societies, 354
soft savings, 75
Software as a Service (SaaS), 314
sorting, 285
SPC (statistical process control)

for attribute data, 305–308
for continuous data, 300–304
control charts, 291–300
defi nition, 110
keeping process on track, 296–297

special cause variation, 36–37, 129, 296–300
specifi cation limits (SLs), 18–19, 191, 297
specifi cations

adjusted short-term capability index, 
197–198

for characteristics, 21
defi nition, 18–19
Ford Motor Company example, 22
need for, 18
overview, 17–18
versus quality, 23–25
RUMBA, 19–20
visual inspection measurement 

systems, 205
SPM (statistical process monitoring), 301
spreadsheets

add-ons, 327
project tracking, 339
uses for, 316–317, 325–326

SQL (Structured Query Language), 317

square roots, 124
squared effects, 256
squaring, 122–123
SSE (summed square error), 123, 252–253
SSTO (total squared error), 253
ST. See short-term variation
stable and in control, 296, 298
stable measurement systems, 202
standard deviation

bell-shaped variation, 166–167
calculating width of variation, 121–124
characteristic performance distribution, 

190–191
confi dence intervals

calculating, 239
overview, 234
variation, 235–237

population, 235–237
for process elements, 90
short-term, 128
for small samples, 232

standard normal distribution
calculating probability

above or below single value, 169
between or outside two values, 169–171

overview, 167–169
standardization

belief system and, 26
5S method, 286
of work, 99

standards, setting and following, 289
Start/End icon, 90
statistical analysis tools

overview, 326
packages

dedicated, 327
JMP, 329
Minitab, 328

spreadsheet add-ons, 327
statistical problems, 65
statistical process control. See SPC
statistical process monitoring (SPM), 301
statistical situations, 247
statistical solutions, 65
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statistics
distribution

measuring location, 118–120
overview, 117–118

overview, 116–117
variation spread

overview, 121
range, 121–122
standard deviation, 122–124

Stattrek.com, 324
Storage icon, 90
straightening, 285–286
strength of effects, 148–150
Structured Query Language (SQL), 317
subgroups. See also samples

averages and standard deviations 
charts, 304

data, 300, 302
p charts, 306–307
u charts, 307–308

subprocesses, 95
sum up (Σ), 120
summed square error (SSE), 123, 252–253
superstitious delusions, 34–35
suppliers, 93
Suppliers-Inputs-Process-Outputs-Controls 

(SIPOC) tool, 93–94
sustain element, 5S method, 286
sustain stage, Six Sigma, 60
swim lanes, 91–92

• T •
T (targets), 19, 21–22
tables, 315
tablets, 313
Taguchi, Genichi, 24
Taguchi loss function, 23–25
take one, make one ideal, 160–161
takt time, 98–99
tampering with the process, 281
tangible results, 345–346
targets (T), 19, 21–22

team input
cause-and-effect analysis, 164
involving right people in project, 332
Lean practices, 351
value stream maps, 97

team members
assigning projects, 86
brainstorming, 102–103
business-case statements, 68–70
defi ning projects, 70–71
objective statements and, 84–85
project defi nition, 337
unleashing potential, 347

technology tools
analytics, 323–325
desktop computers

Microsoft Offi ce, 316–317
overview, 313
process mapping, 317–318, 320–321

enterprise-class, 321
laptop computers, 313
leveraging, 347
for management, 14–15
manual tools, 314–315
overview, 311–312, 323
platforms and protocols, 312–314
process intelligence, 318–319
spreadsheets, 325–326
statistical analysis, 326–330

technology vendors, 355
temporal variation, 216–222
Texas Instruments, 324
themes, 66
thinking for breakthrough, 45–46
third quartile, 142
Thompson, William (Lord Kelvin), 116–117
3-Gen approach (going to gemba), 

98, 109, 350
TI-30X calculator, 324
TI-89 calculator, 324
time scales, 117–118
timelines, 98
time-series charts, 74
time-to-time variation, 217
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to-be state, 92
tollgates, 44
tool wear, 131
tools. See also brainstorming tools; 

intelligence tools; project management; 
statistical analysis tools; technology tools

intelligence, 340–342
knowledge management, 333, 342
learning, 333
manual, 312–315, 324
measurement instruments, 39
training, 348

top commitment, 13
total squared error (SSTO), 253
tracking, 335, 338–340
traditional methods, 82–83
training, 50, 58, 356
Transport icon, 90
transportation, 157
Transportation, Waiting, Overproduction, 

Defects, Inventory, Motion, Extra 
Processing (TWO-DIME) categories, 157

trends, 146–147, 153, 293, 300
trial-and-error approach, 262
trivial many, 40–41
2k factorial experiments

analyzing
effects, 270–276
equation, 276–278
overview, 270

conducting
blocking, 269
gathering data, 269–270
overview, 269
randomizing, 269

planning
experiment factors, 266–267
experimental codes and design matrix, 

267–268
overview, 266

TWO-DIME (Transportation, Waiting, 
Overproduction, Defects, Inventory, 
Motion, Extra Processing) 
categories, 157

two-sided specifi cations, 19
Type-1 corrective actions, 288
Type-2 corrective actions, 288

• U •
u (non-conformities per unit) charts, 

292, 305
UCLs (upper control limits), 293
understandability, 20
uniform distribution, 137–138
Unisys, 54
units, 186, 217
upper control limits (UCLs), 293
upper specifi cation limits (USLs), 19, 21
upstream, 46

• V •
VA (value added) process steps, 91, 156
value

absolute, 128
analyzing process fl ow, 160–161
ascertaining, 156
cause-and-effect analysis, 161–164
customer, 155–160, 349
Kano’s framework, 158–160
leveraging failure mode effects 

analysis, 164
overview, 155
potential, 76
return on investment and, 13
waste, 157–158

value added (VA) process steps, 91, 156
value stream maps (VSMs)

custom, 96–99
description, 350
overview, 94
value stream, 95–96

value streams, 95–96
variable (continuous) data, 113–116, 

291–292, 300–304

37_9781118120354-bindex.indd   37337_9781118120354-bindex.indd   373 8/31/12   1:37 PM8/31/12   1:37 PM

htt
p:/

/w
ww.pb

oo
ks

ho
p.c

om



374 Six Sigma For Dummies, 2nd Edition 

variables
confounding, 34
factors, 261
values of, 267

variations. See also normally-shaped 
variation

average, 140
belief system and, 26
beyond expected limits, 152–153
calculating, 125–131
categorizing, 216–217
confi dence intervals, 235–237, 239
connecting quality and, 27–28
distribution in comparative box plots, 

143–144
entitlement, 130–131
Ford Motor Company example, 22
between group, 214–215
within group, 214–215
identifying sources of through graphical 

analysis, 213–215
location, 119
long-term, 128–130
in Measurement System Analysis, 200–203
mode, 138–139
range, 121–122, 140
ratio values, 207–208
reducing, 35–38
shape, 137
short-term, 125–128
sigma scale, 28–29
spread, 121–124
standard deviation, 122–124, 253

Vassar University, 325
Verifi cation step, 81–82
Visio, Microsoft, 317–318
visual inspection measurement 

systems, 205
voice of business (VOB), 66, 93
voice of customer (VOC). See also capability

breakthrough strategy, 66
defi nition, 93
project management, 332
tools, 13
value, 155–156

voice of process (VOP), 93. See 
also capability

VSMs. See value stream maps

• W •
waiting, 157
wants, 159
waste

muda-mura-muri, 350–351
reducing, 99
TWO-DIME categories, 157–158

WCBF (Worldwide Conventions and 
Business Forums), 355

web searches, 353–354
weight, 162
whisker plots, 141–144
whiskers, 141
width, 195–198
Williams, Bruce, 349
within group variation, 214–215
within unit variation, 216–217, 220–221
word processors, 339
Worldwide Conventions and Business 

Forums (WCBF), 355

• X •
X – R (averages and ranges) charts, 

292, 301, 303–304
X – S (averages and standard deviations) 

charts, 292, 301, 304
xMAX (largest observed value), 121, 142–143
xMIN (smallest observed value), 121, 142–143

• Y •
Y = f(X) + ε (breakthrough) equation, 

31–32, 277–278
Yellow Belts, 54, 56, 86, 352
yield

belief system and, 26
fi rst time yield, 180–182
hidden factory, 182
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linking defect rate and, 189
overview, 179–181
rolled throughput yield, 27, 180, 183–184

• Z •
Z score. See sigma score
Z transformation, 171–172, 173
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