
• Numerics •
2k factorial experiments

analysis, 207–215
ANOVA (analysis of variance), 216
blocking in, 206
curvature, 216
design matrix, 204–205
equation general form, 214
experimental codes, 204–205
factor selection, 202–203
fractional factorial experiments, 216
interaction effects, 210–211
level setting, 203–204
main effects, 207–209
randomization, 206
replications, 216
robustness, 216
RSM (response surface methods) and

optimization, 216
Xs, 203

80-20 rule, 39–40
3-Cs Explorer, 280
Σ (sigma), sums in equations, 89

• A •
accountability, managerial perspective and, 13
accuracy in measurement, 155–156, 277
adjusted short-term capability index, 145–146
affinity diagram, business case writer and, 70
ALN (asynchronous learning network), 300
alpha risk, 173
analyze (DMAIC Analyze phase)

description, 42
project responsibilities and, 66

ANOVA (analysis of variance)
2k factorial experiments, 216
statistical analysis, 267, 271

architecture of software, 280–282
as-is state, modeling, 255
ASA (American Statistical Association), 314
ASQ (American Society of Quality), 314
assignable cause variation, 100

associations, 314
asynchronous mentored learning, 300
attainable (RUMBA), 126
attribute data, 150–151
attribute data control charts

defectives, 235
introduction, 221
p charts, 235, 237–238
u charts, 235, 238–239

attribute measurement system studies,
158–160

audit plan, data collection, 266
audits, MSA and, 156–158
autocorrelation, statistical analysis, 271
average. See mean

• B •
Bank of America, Six Sigma and, 12
basic stats, statistical analysis tool, 267
behavior charts, 117
believable (RUMBA), 126
belts, 71. See also Green Belt; Yellow Belt
benchmarks, stretch goals, 304
benefits, project definition and, 292
best fit, regression and, 275
best practices, 303–307
between/within analysis, process capability

analysis, 274
binomial analysis, process capability

analysis, 274
Black Belt

characteristics, 53
description, 51
initiative roles, 55
manager tools and, 285
Master Black Belt, 52

blocking in experiments, 206
boil-the-ocean experiments, 200–201
box and whisker plots, 108–111

exploratory analysis and, 276
statistical analysis, 269

BPA (business process analysis) software, 279
BPM (business process management)

software, 279
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BPMN (business process modeling
notation), 252

breakthrough
designing for, 44–45
improvement, 80
leverage for, 52
managing for, 45
processing for, 44
thinking for, 43–44

breakthrough equation (Y = f(X) + ε), 27–29
bullhorn, as tools, 288
business case writer

exercise, 70–71
projects and, 69–71

business metrics, managerial perspective
and, 14

business unit leaders, core team, 49

• C •
capability. See also CCA (capability-

complexity analysis)
improvement plan, 147–148
indices, 144–147
introduction, 123
KISS and, 262–263
yield, 128–133

capability and complexity analysis, process
optimization tool, overview, 246

capability six-pack, process capability
analysis, 274

casting a big net, 162–163
category data, 150–151
causation

connections, 32
correlation and, 31–32

cause and effect, inputs, 29
CBT (computer-based training), 299–300
CCA (capability-complexity analysis), 263
CDF (cumulative distribution function) plots,

statistical analysis, 269
C&E (cause-and-effect) matrix, process

optimization tool
fishbone chart and, 258–259
overview, 246

celebration, best practices and, 306
central limit theorem

introduction, 170
sampling distribution and, 171

Champions
characteristics, 48
deployment and, 57
project definition and, 71
tools and, 285

change, managerial perspective and, 15–16
characteristic charts

creating, 118
runs, 120
shifts, 121
trends, 120
variation beyond expected limits, 119–120

characterizing experiments, 201
CLs (control limits)

histograms and, 224
probability and, 224

coaching, Black Belts and, 53
coded design matrix, 2k factorial

experiments, 205
coincidence, correlation and, 32
Collins, Jim (Good to Great), 11
commitment, managerial perspective and, 13
common cause variation, processes and, 225
common-cause variation, 34, 97
communication and leadership tools, 286–288
communications, plan, initialization and, 56
communications representative, core team,

49, 50
compensation plans, change and, 15
competency models, change and, 15
conditions, experiments, 197
conferences, 314–315
confidence intervals

averages, 174–175
χ2, 176–177
differences between items, 174–176
introduction, 172
mean and, 172–176
proportions, 178–180
risk, 173
standard deviation, 176–178
summary table, 178–180
t values, 174
variation, 177–178

confounding, correlation and, 32
consultants, 317
continuous control charts

X – R (averages and ranges) chart, 231, 234
X – S (averages and standard deviation)

chart, 235
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I – MR (individual and moving range) chart,
231, 232–233

pairs, 231
SPC, 230

continuous data, 151–152
continuous data control charts, 221
continuous variable measurement system

studies, 160–161
control chart, SPC

attribute data control charts, 221, 235–239
attributes, 223
continuous data control charts, 221
control limits, 223
data collection, 229–230
distribution, 222
drifts and, 227
LCL (lower control limit), 223
limits, 226
patterns and, 227
rational subgroups, 230
sample data, 226
shifts and, 227
subgroup data, 226
trending, 222
UCL (upper control limit), 223
zones, 227

control limits. See CLs (control limits)
Control phase, 42, 66

emphasis on, 217
plan aspects, 218
process control of inputs, 218
process control plan, 219–221
process monitoring of outputs, 218

control plan
data collection, 266
projects, 65

core team
characteristics, 49
description, 48–49
members, 49

correlation
causation and, 31–32
description, 30–32
relationships, 180–183
scatter plots, 113
superstitious delusions, 31–32

correlation coefficient, calculating, 182
cross-correlation, statistical analysis, 271
CT (critical to) tree, 245, 249

CTQs (critical-to-quality outputs)
continuous control charts, 230
process management summary and, 219

CTXs (critical-to-X characteristics)
distributions and, 88
introduction, 17
performance, 18–19
statistics and, 85

culture change, managerial perspective 
and, 16

curvature, 2k factorial experiments, 216
curve fitting

multiple linear regression, 193–194
relationships and, 183–194

customers
manager tools and, 286
managerial perspective and, 13

• D •
3D scatter plots, statistical analysis, 269
data, best practices and, 305
data collection, control charts, 229–230
data collection plan

audit plan, 266
control plan, 266
format, 265
sources, 265
stability, 265
timing, 265
transfer, 265

data types
attribute data, 150–151
category data, 150–151
continuous data, 151–152
ordinal data, 151
rank order, 151
variable data, 151–152

decomposition, time-series analysis, 270
defect rate

DPMO (defects per million opportunities),
134–137

DPO (defects per opportunity), 134–137
DPU (defects per ubiquitous unit), 134
failure and, 133–134
metrics summary, 137
Poka-Yoke, 239
yield and, 138

defectives, attribute data control charts,
235–239
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Define phase
description, 42
focus, 63
project responsibilities and, 66

deployment
Champion selection, 57
expansion and, 58
initialization and, 56
sustain phase, 59

deployment leader
core team, 49
responsibilities, 47
tools and, 285

Design FMEA, 260
design matrix, 2k factorial experiments,

204–205
designing domain

description, 43
designing for breakthrough, 44–45
DFSS (Design for Six Sigma), 44–45

determinism
breakthrough equation and, 28
proactivity, 31

deviation, variation spread and, 95
DFM (design for manufacturability), 271
DFSS (Design for Six Sigma), design and, 44–45
distribution (statistics)

control charts, 222
CTXs and, 88
definition, 88
degree of dispersion, 92
mode, 89
object statements and, 88
range, 91–92
sampling distribution, 171
squaring, 93
SSE (summed squared error), 93
variance, 94

DMAIC (Define-Measure-Analyze-Improve-
Control)

analyze, 42
control, 42
define, 42
improve, 42
improvement methodology, 42
introduction, 41
measure, 42
recognize, 43
tollgates, 42

DOE (Design of Experiments), statistical
analysis

factorial designs, 273
introduction, 267
response surface designs, 273
steps, 272–273
Taguchi designs, 273

domains of activity
designing, 43
managing, 43
processing, 43
thinking, 43

dot plots
creating, 103–104
interpreting, 104–108
statistical analysis, 269
variation mode, 104–107
variation shape, 104

DPMO (defects per million opportunities),
134–137

DPO (defects per opportunity), 134–137
DPU (defects per ubiquitous unit), 134
drifts, control charts, detecting, 227
Dupont, Six Sigma and, 12

• E •
e-learning Six Sigma, 299–300
e-mail presentations, 287
enterprise platforms for software, 281–282
entitlement level

definition, 101
processing for breakthrough, 44

equation. See breakthrough equation
errors, Poka-Yoke, 101
Excel, 279
executive representatives

core team, 49
tools and, 285

expansion, deployment and, 58
expectation, variation and, 33
experiments

analysis, 207–215
ANOVA (analysis of variance), 216
blocking, 206
boil-the-ocean experiments, 200–201
characterizing, 201
codes, 204–205
conditions, 197
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curvature, 216
fractional factorial experiments, 216
inputs, 197
interaction effects, 210–211
introduction, 195–196
2k factorial experiments, 202–215
levels, 197
main effects, 207–209
observational studies and, 196
one-factor-at-a-time approach, 199
optimization, 201
Pareto Principle and, 203
Plackett-Burman designs, 203
planning, 200
progressive, iterative approach, 201–202
purpose, 196
randomization, 206
replications, 197, 216
response and, 197
robustness, 216
RSM (response surface methods) and

optimization, 216
runs, 197
runs, minimizing number, 200
screening, 201
significant effects, 212–214
Six Sigma approach, 200
super-experiments, 200–201
trial-and-error approach, 198–199
variables, 197
variables, multiple, 200
Xs and, 196
Y, 198

exploratory analysis, statistical analysis, 
268, 276

exponential smoothing, statistical
analysis, 271

• F •
face-to-face communication, tools, 287
factorial designs, DOE, 273
factors, 2k factorial experiments

levels, setting, 203–204
selecting, 202–203

failure, defects and, 133–134
fat pencil test, scatter plots, 115
finance representative

core team, 49, 50
tools and, 285

finances guidelines, initialization, 56
fishbone diagram process optimization tool

C&E and, 259
overview, 246

fitted line, regression and, 275
FMEA (failure mode effects analysis) process

optimization tool
applications, 260
likelihood of detection, 261
overview, 246
probability of occurrence, 261
severity of impact, 261

forecasting, time-series analysis, 270
formal presentations, tools, 287
format, data collection, 265
fractional factorials, 2k factorial experiments,

203, 216
FTY (first time yield), 129–130
functional representatives

core team, 49
project definition and, 71

functional sub-optimzation, software, 281
funnel analogy, measurement, 161–163
funnel reports, 264

• G •
gauge variable measurement system studies,

160–161
General Electric, Six Sigma and, 12
goals

best practices and, 306
stretch goals, 303–304

Good to Great, 11
grade, quality comparison, 17
graphical analysis, observational studies and,

165–167
Green Belt

characteristics, 53
description, 51
initiative roles, 55
manager tools and, 285
training, 52

• H •
hard savings, 76
hidden factory, 21, 130–131
hierarchy of roles, 52
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histograms
control limits and, 224
creating, 103–104
interpreting, 104–108
multi-modal, 106
statistical analysis, 269
variation mode, 104–107
variation shape, 104

history of Six Sigma, 15
Honeywell, Six Sigma and, 12
human resources, guidelines, initialization

and, 56
human resources representative, core team,

49, 50

• I •
I – MR (individual and moving range) chart,

231, 232–233
iGrafx, 280
implementation, successes, 57
impromptu presentations, tools, 287
improve phase

breakthrough improvement, 80
description, 42
how much, 78–80
project responsibilities, 66

information technology representative
core team, 49, 50
initialization, 56

initialization
communications plan, 56
deployment process and, 56
elements, 56
finance guidelines, 56
HR guidelines, 56
information technology and, 56
launch planning, 56
management dashboard, 56
project reporting, 56
project selection, 56
project tracking, 56

initiatives
lifecycle, 55–59
overview, 46–47
stages, 55

inputs
cause and effect, 29
experiments, 197
measurement and, 36

interaction effects
experiments, 210–211
multiple linear regression, 193

interaction effects plots, observational
studies and, 167

interval plots, statistical analysis, 269
IQPC (International Quality and Productivity

Center), 315
ISSSP (International Society of Six Sigma

Professionals), 314
iterative approach to experiments, 201–202
Ixperion, 315

• J •
JMP, 279
job roles, change and, 15

• K •
key executive representatives, core team, 49
KISS, capability-complexity and, 262–263
KM (knowledge management) tools, 298
knowledge management tools, 286

• L •
launch

planning, initialization and, 56
process, 83–84

LCL (lower control limit), 223
leadership

hierarchy of roles, 54
managing for breakthrough and, 45

leadership system, change and, 15
learning tools, 286
least squares, regression and, 275
letter values, exploratory analysis and, 276
letters, as tools, 288
levels

experiments, 197
factors, experiments, 203–204

leverage, overview, 38–40
line fitting, relationships and, 191–192
Linux platforms for software, 281
logistics, regression and, 275
long-term capability indices, 146–147
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long-term sigma score, 140–141
long-term variation. See LT (long-term

variation)
Lord Kelvin, 36
LSL (lower specification limit), 125
LT (long-term variation)

formulas, 100
introduction, 35
overview, 99–101
ST (short-term) variation, 102

• M •
Macintosh platforms for software, 281
main effects, experiments, 207–209
main effects plots

multiple linear regression, 193
observational studies and, 167

management dashboard, initialization and, 56
management tools

Black Belts, 285
Champions, 285
communication and leadership tools, 286
communications, 287–288
customers, 286
deployment leaders, 285
executive management, 285
financial executives, 285
Green Belts, 285
introduction, 283
knowledge management tools, 286
learning tools, 286
Process Owners, 285
project management, 286, 288–295
reporting tools, 286
suppliers, 285
Yellow Belts, 285

managerial perspective of Six Sigma
accountability and, 13
change and, 15–16
commitment and, 13
connected business metrics and, 14
customers and, 13
introduction, 11
process orientation, 14
project focus, 14
ROI (return on investment), 13
science and leadership bridge, 12–13
successful companies, 12
technology and, 14

tools, 14
VOC (voice of the customer) and, 13

managing domain, 43, 45
marginal plots, statistical analysis, 270
Master Black Belt. See MBB
matrix plots, statistical analysis, 269
MBB (Master Black Belts), overview, 52–53
mean

calculating, 89–90
confidence intervals, 172–176, 174–175
time-series analysis, 270
variation and, 33, 89
variation location and, 91

measurable (RUMBA), 126
Measure phase

description, 42
project responsibilities and, 66

measurement
confidence, 171
funnel analogy, 161–163
Lord Kelvin and, 36
observational studies, 163–165
output values, 88
pitfalls, 311
statistics and, 87–88
variation, 87
variation, location, 88–91
visual inspection, 157–158

measurement system
accuracy, 154–155
attribute measurement system studies,

158–160
capability analysis, 152–161
continuous variable measurement system

studies, 160–161
gauge variable measurement system

studies, 160–161
graphical analysis, 165–167
MSA, 156–161
precision, 155–156
precision, repeatability, 155
precision, reproducibility, 155
resolution, 154
variation sources, 154–156

measurement systems analysis, statistical
analysis, 268, 276–278

median, 90, 91
median polish, exploratory analysis and, 276
memos, as tools, 288
mentoring, Black Belts and, 53
methodology, applications, 13
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metrics summaries
defect rate, 137
yield, 133

Minitab, 279
mistake-proofing. See Poka-Yoke
mode

distribution and, 89
variation location and, 91

modeling, process optimization tool
as-is state, 255
baseline setting, 255
BPMN (business process modeling

notation), 252
closed-loop behavior simulation, 255
overview, 245
process maps, 251
process maps, drawing, 252–253
process points, 253–254
process setting, 255
SIPOC and, 255
swim lanes, 254
to-be state, 255

Motorola, Six Sigma and, 12
moving averages, time-series analysis, 270
MSA (measurement system analysis), audits,

156–158
multi-modal histograms

definition, 106
outliers, 107
variation average, 107
variation range, 107

multi-variable analysis, process capability
analysis, 274

multi-variable studies, observational studies
and, 167

multiple linear regression, 184, 193–194
multivariate analysis, statistical analysis,

268, 275–276

• N •
n, data sets in equations, 89
needs assessment

project focus and, 66–67
strategies, 67–68
VOB (voice of the business) and, 68
VOC (voice of the constomer) and, 68

non-normal analysis, process capability
analysis, 274

normal analysis, process capability
analysis, 274

• O •
objective statements

distributions and, 88
overview, 80
writing, 82–83

objectives, project definition and, 292
observational studies

description, 163–165
experiments and, 196
graphical analysis and, 165–167
interaction effects plots, 167
main effects plots, 167
multi-variable studies, 167

obsession, variation obsession, 33
one-factor-at-a-time approach to

experiments, 199
one-sided specifications, 124
operation cycle time, process maps, 253
opportunities, 135, 312
optimization experiments, 201, 216
ordinal data, 151
outcome

determining, 304
measurement and, 36

outliers
multi-modal histograms, 107
variation, 90

output, continuous control charts, 230
output values, statistics and, 88
output variation, special cause factors, 100
overall effect, multiple linear regression, 193

• P •
p charts (attribute data), 235, 237–238
pairing continuous control charts, 231
Pareto diagrams

experiments and, 203
measurement systems and, 158
RPN (risk priority number), 262
statistical analysis, 269

partial least squares, regression and, 275
patterns in control charts, detecting, 227
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PC-Windows, 280–281
performance, CTX, 18–19
periodicals, 316
phone calls as tools, 288
pitfalls, 309–312
Plackett-Burman experiment designs, 203
planning experiments, 200
plans, process optimization tool,

overview, 246
platforms and protocols, software, 278–280
plots and charts, statistical analysis tool

box and whisker plots, 108–111, 269
CDF plots, 269
3D scatter plots, 269
dot plots, 103, 269
histograms, 103, 269
interval plots, 269
introduction, 267
matrix plots, 269
Pareto charts, 269
scatter plots, 111–113, 269

Poisson analysis, process capability
analysis, 274

Poka-Yoke
errors and, 101
examples, 261
overview, 239
transactional processes and, 240
Type-1 corrective action and, 240
Type-2 corrective action and, 240

practical solution, projects, 65
precision in measurement, 155–156, 277
probability density function (statistics), 88
probability distribution (statistics), 88
probability plots, statistical analysis, 270
problem statements

examples, 77–78
introduction, 76
structure, 76

problems
improvements, 78–80
objective statements, 80, 82–83
themes, 68
transformation, 65

process behavior charts
creating, 118
runs, 120
shifts, 121
trends, 120
variation beyond expected limits, 119–120

process capability analysis, statistical
analysis

between/within analysis, 274
binomial analysis, 274
capability six-pack, 274
introduction, 267
multi-variable analysis, 274
non-normal analysis, 274
normal analysis, 274
Poisson analysis, 274
VOC (voice of the customer) and, 273
VOP (voice of the process) and, 273

process control plan
administrative section, 220
introduction, 219
method of control, 220
SOPs, 220–221
Type-1 corrective action, 240
Type-2 corrective action, 240

process FMEA, 260
process leaders, project definition and, 71
process management summary, 219
process maps

BPMN (business process modeling
notation), 252

costs, 254
drawing, 252–253
process points, 253–254
value added, 254

process modeling. See modeling, process
optimization tool

process optimization tools
capability and complexity analysis, 246
C&E (cause-and-effect) matrix, 246
CT (critical to) tree, 245, 248–251
description, 244
fishbone diagram, 246
FMEA (failure mode effects analysis), 246
modeling, 245, 251–255
plans, 246
simulation, 246, 256–257
SIPOC (Suppliers-Input-Process-Outputs-

Customers), 245
software, 279–280

process orientation
managerial perspective and, 14
processing for breakthrough, 44

Process Owners, tools and, 285
process problems, Green Belts, 53
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processes
common cause variation and, 225
in control, 226
control of inputs, 218
description, 218
monitoring of outputs, 218
special-cause variation, 225, 228
stable, 226
tampering with the process, 218
transactional, Poka-Yoke and, 240

processing domain, 43
product FMEA, 260
products, quality, 17–20
professional societies, 314
progressive approach to experiments, 201–202
project definition

elements, 292
improvements, 72–73
mistakes, 71
persons involved, 71
steps in process, 72
worksheet, 73

project focus
characteristics, 64
managerial perspective and, 14
needs assessment and, 66–67

project management tools
definition, 289–290, 291–292
description, 286
ideation, 289–290
reporting, 295–297
selection, 290–291
tracking, 293–295

project reporting, initialization and, 56
project selection

change and, 16
guidelines, initialization, 56

project tracking, initialization and, 56
projects

business case writer function, 69–71
characteristics, 64
launching, 83–84
life cycle, 64–65
problem themes, 68
problem transformation, 65
responsibilities of those involved, 65–66
savings, 76
strategies, 67–68

proportions, confidence intervals, 178–180
publications, 315
purpose, project definition and, 292

• Q •
quality

grade comparison, 17
technical perspective and, 17–20

• R •
X – R (averages and ranges) chart, 231, 234
randomization in experiments, 206
range of distribution

definition, 91–92
variation spread and, 95

rank order data, 151
rational subgroups, control charts, 230
RDMAIC, 43
reasonable (RUMBA), 126
Recognize phase, 43
regression, statistical analysis, 268, 275
relationships

correlation, 180–183
curve fitting, 183–194
fitting lines, 191–192
multiple linear regression, 184
residuals, 186–187
scatter plots, 180–181
simple linear regression, 184

reliability and survivability, statistical
analysis, 268, 278

repeatability of precision in
measurement, 155

replications
experiments, 197
2k factorial experiments, 216

reporting
funnel reports, 264
project management tools and, 295–297
simulations, 257
tools, 286

reproducibility of precision in
measurement, 155

residuals, 186–187, 189
resistant line, exploratory analysis and, 276
resistant smoothing, exploratory analysis

and, 276
resolution, measurement, 154
resources

associations, 314
colleagues, 313
conferences, 314–315
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consultants, 317
periodicals, 316
process maps, 253
professional societies, 314
publications, 315
Six Sigma corporations, 314
symposia, 314–315
technology vendors, 317
Web portals, 316

response, experiments and, 197
response surface designs, DOE, 273
results

process simulations, 257
projects, 65
targeting, 304

rise to run, line slope, 116
risk

alpha risk, 173
confidence intervals, 173

risk and controls, project definition and, 292
robustness, 2k factorial experiments, 216
ROI (return on investment), value and, 13
Rootogram, exploratory analysis and, 276
RPN (risk priority number)

FMEA (failure effects mode analysis) and,
261–262

Pareto charts, 262
RSM (response surface methods), 2k factorial

experiments, 216
RSS (Royal Statistical Society), 314
RTY (rolled throughput yield), 131–133
RUMBA, 125
runs, experiments, 197, 200

• S •
X – S (averages and standard deviations)

chart, 231, 235
sample data, control charts, 226
sampling distribution, 171
savings

hard savings, 76
soft savings, 76

scatter plots
correlation amount, 113
correlation direction, 115
creating, 111–113
fat pencil test, 115
relationships, 180–181

slope of line, 116–117
statistical analysis, 269
strength of effect, 115

schedule, project definition and, 292
science and leadership, managerial

perspective, 12–13
screening

experiments, 201
measurement and, 157–158

second-order effects, multiple linear
regression, 193

self-healing culture, sustain phase, 59
service, quality, 17–20
shared repositories, as tools, 288
shifts, control charts, detecting, 227
short-term capability index, 144–145
short-term sigma score, 140–141
short-term variation. See ST (short-term

variation)
sigma scale, 23–24
sigma shift, 141–143
Sigma (Z) score

changing, 140
deviations, 138–140
score table, 142–143
short-term vs. long-term, 140–141
sigma shift, 141–143

SigmaFlow, 280
simple linear regression, 184
simulation, process optimization tool

configuration, 256–257
overview, 246
reports, 257
results, 257
simulation environment, 256

SIPOC (Suppliers-Input-Process-Outputs-
Customers), 245

developing, 247–248
process modeling and, 255
VOC (voice of the customer) and, 248

Six Sigma
Bank of America and, 12
breakthrough equation, 27–29
description, 9
Dupont and, 12
General Electric and, 12
history, 15
Honeywell and, 12
management system orientation, 13–16
managerial perspective, 11–16
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Six Sigma (continued)
Motorola and, 12
overview, 9–11
sigma scale, 23
technical perspective, 16–25
terminology origins, 23

Six Sigma deployment. See deployment
Six Sigma improvement. See improvement
Six Sigma organization. See organization
Six Sigma performance. See performance
skewed distribution, dot plots/

histograms, 104
skill levels

Black Belt (See Black Belt)
Green Belt (See Green Belt)
Yellow Belt (See Yellow Belt)

SL (specification limit), 124
slope, scatter plot lines, 116–117
soft savings, 76
software

enterprise platforms, 281–282
introduction, 278
Linux, 281
Macintosh, 281
PC-Windows, 280–281
process optimization, 279–280
statistical analysis, 279

software FMEA, 260
SOPs (standard operating procedures),

process control plan and, 220–221
sources, data collection, 265
SPC (statistical process control)

continuous control charts, 230–235
control chart, 221

special-cause variation, 35, 225, 228
specifications

exceeding, 126–128
limits, 226
LSL (lower specification limit), 125
one-sided, 124
reasons for, 124
RUMBA, 125–126
SL (specification limit), 124
T (target), 125
two-sided, 124
USL (upper specification limit), 125
voice of the customer (VOC), 123

square root, 94

squared effects, multiple linear regression, 193
squaring, distribution and, 93
SSBI (Six Sigma Benchmarking

Association), 314
SSE (summed squared error), 93, 190
SSR (squared regression error), 189–190
SSTO (total sum of the squared error),

residuals and, 189
ST (short-term variation)

common-cause variation and, 97
formulas, 100
introduction, 35
LT (long-term) comparison, 102
overview, 96
standard deviation calculation, 98

stability, data collection, 265
standard deviation

confidence intervals, 176–178
ST calculation, 98
variation spread and, 95

statistical analysis tools
ANOVA, 267, 271
basic stats, 267
description, 244
DOE (Design of Experiments), 267
exploratory analysis, 268, 276
marginal plots, 270
measurement systems analysis, 268
multivariate analysis, 268, 275–276
plots and charts, 267
probability plots, 270
process capability analysis, 267, 273–274
regression, 268, 275
reliability and survivability, 268, 278
software, 279
time series, 267
time series plots, 270
tolerance analysis, 267, 271–272

statistical problem, projects, 65
statistical process control. See SPC

(statistical process control)
statistical solution, projects, 65
statistics

distribution, 88
introduction, 85
measurement and, 87–88
reason for, 86
variation, 86
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stem-and-leaf, exploratory analysis and, 276
stepwise, regression and, 275
strategies, needs assessment and, 67–68
strength of effect, scatter plots, 115
stretch goals, 303–304
subgroup data, control charts

collecting, 226
rational subgroups, 230

successful companies, 12
super-experiments, 200–201
superstitious delusions, correlation and, 31–32
suppliers, manager tools and, 286
sustain phase, deployment and, 58–59
swim lanes, process modeling, 254
symposia, 314–315
synchronous mentored learning, 300

• T •
T (target), 125
t values, confidence intervals, 174
Taguchi designs, DOE, 273
tampering with the process, 218
team members, project definition and, 292
technical perspective

introduction, 16
product quality, 17–20
service quality, 17–20
transactional quality, 17–20

technology
leveraging, 312
managerial perspective and, 14
vendors, 317

thinking domain
description, 43
thinking for breakthrough, 43–44

time series, statistical analysis tool
introduction, 267
time-series analysis tools, 270

time-series analysis
autocorrelation, 271
cross-correlation, 271
decomposition, 270
exponential smoothing, 271
forecasting, 270
moving averages, 270
trending, 270

time series plots, statistical analysis, 270

timing, data collection, 265
to-be state, modeling, 255
tolerance analysis, statistical analysis,

267, 271–272
tollgates (DMAIC), 42
tools

knowledge management, 298
management tool types, 286
manager tools, 283
managerial perspective and, 14
overview, 243
process optimization tools, 244–266
project management, 288–295
statistical analysis tools, 244, 267–278

trainers in Six Sigma, 318
training representative, core team, 49, 50
transactions

processes, Poka-Yoke and, 240
quality, 17–20

transfer, data collection, 265
transformations, problem transformations, 65
Traxion, 279
trending

control charts, 222
time-series analysis, 270

trial-and-error approach to experiments,
198–199

two-sided specifications, 124
Type-1 corrective action, process control

and, 240
Type-2 corrective action, process control

and, 240

• U •
u charts (attribute data), 235, 238–239
UCL (upper control limit), 223
understandable (RUMBA), 126
USL (upper specification limit), 125

• V •
variable data, 151–152
variables, experiments, 197, 200
variance

beyond expected limits, 119–120
definition, 94
variation spread and, 95
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variation
assignable cause variation, 100
best practices, 306
causes, 34–35
common-cause, 34, 97
confidence intervals, 177–178
description, 33
distribution, range, 91–92
expectation and, 33
introduction, 32–33
location, measures, 88–91
long-term, 35
LT (long-term variation), 99
mean, 33, 89
measurement and, 87
measurement system sources, 154–156
median, 90
outliers, 90
output, 100
short-term, 35
special-cause, 35, 100
spread, 95
statistics and, 86
variance, 94
variation obsession, 33
wiggle, bump, and jitter, 22–23

variation average, multi-modal
histograms, 107

variation mode, dot plots/histograms,
104–107

variation range, multi-modal histograms, 107
variation shape

dot plots, 104
histograms, 104

Varyx, 280
Visio, 280
visual inspection system, scenario, 157
visualization, experiments’ main effects,

207–209
vital few versus the trivial many, 39–40
VOB (voice of the business)

needs assessment and, 68
SIPOC and, 248

VOC (voice of the customer)
managerial perspective and, 13
needs assessment and, 68
process and, 128–148
SIPOC and, 248
specifications and, 125

VOP (voice of the process), SIPOC and, 248

• W •
WCBF (worldwide conventions and business

forums), 315
Web portals, 316
whiskers (box and whisker plots), 108

• X–Y–Z
xi, measurement values in equations, 89
Xs

experiments and, 196
2k factorial experiments, 203
χ2, 176–177

Y, experiments, 198
Yellow Belt

characteristics, 53
description, 51
initiative roles, 55
manager tools and, 285
training, 52

Y = f(X ) + ε, 27–29
yield

defect rate and, 138
FTY (first time yield), 129–130
hidden factory, 130–131
measuring, 128–133
metrics summary, 133
output versus input, 128–129
RTY (rolled throughput yield), 131–133
traditional, 128–129

Z score. See Sigma (Z) score
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