SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

The Quality Toolbox

Second Edition

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Also available from ASQ Quality Press:

The Quality Improvement Glossary
Don Siebels

The Quality Improvement Handbook
ASQ Quality Management Division and John E. Bauer, Grace L. Duffy,
Russell T. Westcott, editors

Quality’'s Greatest Hits: Classic Wisdom from the Leaders of Quality
Zigmund Bluvband

The Executive Guide to Improvement and Change
G. Dennis Beecroft, Grace L. Duffy, John W. Moran

Business Process Improvement Toolbox
Bjern Andersen

From Quality to Business Excellence: A Systems Approach to Management
Charles Cobb

The Change Agents' Handbook: A Survival Guide for Quality Improvement Champions
David W. Hutton

Making Change Work: Practical Tools for Overcoming Human Resistance to Change
Brien Palmer

Principles and Practices of Organizational Performance Excellence
Thomas J. Cartin

Customer Centered Sx Sgma: Linking Customers, Process Improvement, and
Financial Results
Earl Naumann and Steven H. Hoisington

The Certified Quality Manager Handbook, Second Edition
Duke Okes and Russell T. Westcott, editors

To request a complimentary catalog of ASQ Quality Press publications,
call 800-248-1946, or visit our Web site at http://qualitypress.asqg.org.

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

The Quality Toolbox

Second Edition

Nancy R. Tague

ASQ Quality Press
Milwaukee, Wisconsin

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

American Society for Quality, Quality Press, Milwaukee 53203
© 2005 by ASQ

All rights reserved. Published 2005

Printed in the United States of America

12 11 10 09 08 07 06 05 54321
Library of Congress Cataloging-in-Publication Data

Tague, Nancy R., 1955—
The quality toolbox / Nancy R. Tague—2nd ed.
p. cm.
Includes hibliographical references and index.
ISBN 0-87389-639-4 (soft cover, perfect bind : alk. paper)
1. Group problem solving. 2. Self-directed work teams. 1. Title.

HD30.28.7T33 2004
658.4'036—dc22 2004029947

ISBN 0-87389-639-4

No part of this book may be reproduced in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written permission of the publisher.

Publisher: William A. Tony

Acquisitions Editor: Annemieke Hytinen
Project Editor: Paul O’ Mara

Production Administrator: Randall Benson

ASQ Mission: The American Society for Quality advances individual, organizational, and
community excellence worldwide through learning, quality improvement, and knowledge exchange.

Attention Bookstores, Wholesalers, Schools, and Corporations: ASQ Quality Press books,
videotapes, audiotapes, and software are available at quantity discounts with bulk purchases for
business, educational, or instructional use. For information, please contact ASQ Quality Press at
800-248-1946, or write to ASQ Quality Press, PO. Box 3005, Milwaukee, WI 53201-3005.

To place orders or to request a free copy of the ASQ Quality Press Publications Catalog, including
ASQ membership information, call 800-248-1946. Visit our Web site at www.asq.org or
http://qualitypress.asg.org.

@ Printed on acid-free paper

Quality Press

600 N. Plankinton Avenue
Milwaukee, Wisconsin 53203
Call toll free 800-248-1946

Fax 414-272-1734

www.asg.org
AS @ http://qualitypress.asq.org

http://standardsgroup.asq.org
AMERICAN SOCIETY o
FOR QUALITY" E-mail: authors@asq.org

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

For my parents

who taught me the most important lessons about quality
and who have always believed in me

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Table of Contents

Listof Figuresand Tables . . . . . . . . . ... ... ... ... ....... Xiii
Prefacetothe First Edition . . . . . . .. ... ... ... .. ........ XXi
Prefacetothe Second Edition . . . . . . . . .. ... ... ... ... ... XXiii
Acknowledgments . . . . . ... XXV
Chapter 1 HowtoUseThisBook . ...................... 1
TheTool Matrix . . . . .. . . . . . . e 2
TheTools . . . . . . . . e 4
GenericTooIs . . . . . . . . e 6
Chapter 2 Mega-Tools: Quality Management Systems . . . . . ... ... 13
The Evolutionof Quality . . . . .. ... ... ... ... ........ 13
Total Quality Management . . . . . . . .. ... ... ... .. 14
Quality Function Deployment . . . . . . ... ... ... 16
ISO9000 . . . . . . 19
Malcolm Baldrige National Quality Award . . . . . . ... ... ... .. 21
Benchmarking . . . . . . . . . ... 23
SIXSIgMa . . . 27
Lean Manufacturing . . . . . . . . . . . . . 30
CombiningMegaTooIs . . . . . . . . . . . ... ... 33
Chapter 3 The Quality Improvement Process . . . .. ... ... ... .. 35
The Benefits of an Improvement Process . . . . . . . . .. .. ... ... 35
A Generic Quality Improvement Process . . . . . . . ... ... ... .. 36
The Ten-Step Quality Improvement Process . . . . . . . ... ... ... 38
Tools for Team Effectiveness . . . . . . ... ... ... .. ....... 47
Guidance Questions Checklist . . . . . .. ... ... ... ....... 51
Chapter 4 Quality Improvement Stories . . . . .. ... .. ... ..... 55
Medrad, Inc.: Freight Processing Team . . . . . . . . ... ... ... .. 55

vii

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

viii Table of Contents

Pearl River School District . . . . . . ... ... ... .. ........ 65
St. Luke's Hospital: Charging Standards . . . . . . . ... .. ... ... 69
ZZ-400 Manufacturing Unit . . . . . . .. ... 78
Other Improvement Stories . . . . . . . .. . ... .. ... 88
Chapter 5 TheTools . .. .. ... . ... . . ... . ... 93
ACORN Test . . . . . e e e e s s s 93
Affinity Diagram . . . . . . . .. 96
ThematicAnalysis . . . . . ... ... .. . ... .. 99
Arrow Diagram . . . . . .. 100
PERT Chart . . . . .. . . . 107
Balanced Scorecard . . . . . ... 111
Benchmarking . . . . . . . . . ... 116
Benefitsand BarriersExercise . . . . . ... ... oL 118
Box Plot . . . . . . . 121
Brainstorming . . . . . . .. 126
Round-Robin Brainstorming . . . . . . ... ... ... ....... 127
Wildest Idea Brainstorming . . . . . . . ... ..o 127
DoubleReversal . . ... ... . . .. ... ... .. 128
Starbursting . . . . .. 129
Charette Procedure . . . . . . . . .. . ... . . .. 130
Brainwriting . . . . . . . .. 132
6-3-5Method . ... ... ... . ... 133
Crawford SlipMethod . . . . . . ... ... ... ... ....... 133
PinCards Technique . . . . ... ... ... .. .. ......... 134
GaleryMethod . . . . . . . . . ... 134
Cause-and-Effect Matrix . . . . . ... .. . ... 135
Checklist . . . . . . 139
Check Sheet . . . . . . . . . . . . . . . 141
Defect Concentration Diagram . . . . . . . . . .. ... ... .... 143
Contingency Diagram . . . . . . . . . . .. 146
Contingency Table . . . . . . . . . . . ... 148
Continuumof TeamGoals . . . . . . .. ... ... .. ... .. .... 150
Control Chart . . . . . . . . 155
Variable Control Charts . . . . . ... .. ... ... ... . ..., 160
XandRChart . .. ... ... ... ... .. ... 160
XandsChart . ... ... ... ... ... ... 167
Chart of Individuals . . . . ... ... ... ... .. ........ 168
Moving Average-Moving RangeChart . . . . ... ... ... ... 172
TargetChart . . . . . . . . . . . 175
Attribute Control Charts . . . . . . .. . ... ... . 177
pChart . . ... . . . e 178
npChart . . . . . . . 182
cChart . . . . . . . e 184

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Table of Contents ix

uChart . . . . . 186
ShortRunChart . . . . ... ... .. . ... .. .. 189
GroupChart . . . ... ... . e 194
Other Control Charts . . . . . . . . . . . ... i, 196
Correlation Analysis . . . . . . . . e 197
Cost-of-Poor-Quality Analysis . . . . . .. . ... 199
CriteriaFltering . . . . . . . . . 203
BattelleMethod . . . . . .. .. ... 205
Critical-to-Quality Analysis . . . . . . . . . ... ... .. 207
Critical-to-Quality Tree . . . . . . . . . .. e 211
CycleTimeChart . .. ... ... .. . . . .. . ... 215
Decison Matrix . . . . . . . . . ... 219
DecisonTree . . . . . . . . 224
Designof Experiments . . . . . . . ... 225
Effective-AchievableChart . . . . . . ... ... ... ... .. ..... 233
Failure Modes and Effects Analysis(FMEA) . . . . ... ... ... .. 236
Fault Tree Analysis . . . . . . . . . . . e 243
FishboneDiagram . . . . . . . . . . . . ... 247
Cause Enumeration Diagram . . . . . . . . ... ... ... 249
ProcessFishbone . . . ... ... . ... ... ... .. ..., 249
Time-Delay Fishbone . . . ... ... ... ... ... ... ..., 249
CEDAC . . . 250
Desired-Result Fishbone . . . . . . .. .. .o oL 250
Reverse FishboneDiagram . . . . . . . . ... ... ... ...... 250
BW2H . . e 252
Flowchart . . . . .. .. . . . 255
MacroFlowchart . . . . .. ... ... ... . ... 257
Top-Down Flowchart . . . . ... ... ... ... .. ........ 258
Detailed Flowchart . . . . ... ... ... ... ... ........ 259
Deployment Flowchart . . . . . . .. ... ... ... ........ 264
Severd-Leveled Flowchart . . . . . . ... ... ... . ... ... . 267
ForceFeld Analysis . . . . . . . . . 268
Gantt Chart . . . . . . . 271
Graph . . . e 274
BarChart . . . ... . . . e 280
DotChart . . . ... . .. . e 283
PieChart . . . ... . .. . . . e 287
LineGraph . . . .. . . ... . . 289
High-Low Graph . . . . . .. ... ... ... ... .. ....... 291
Histogram and Other Frequency Distributions . . . . . ... ... .. .. 292
PolygonChart . . . . . ... ... ... ... .. 299
Stem-and-Leaf Display . . . . . . ... ... ... 300
PointGraph . . . . . . . .. . 301
PercentileGraph . . . . . . . . . .. 302

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

X Table of Contents

Cumulative Distribution Function (CDF) Graph . . . . . . ... .. 304
Cumulative Polygon Graph . . . . . . . . ... ... .. ... 304
Houseof Quality . . ... . . ... . . . . .. . ... 305
HypothesisTesting . . . . . . . . . . . . .. . . i 314
Importance—Performance Analysis . . . . . ... ... ... .. ..., 323
IsFISNot Matrix . . . . . . . . . 330
ListReduction . . . . . . . . . .. .. . . 334
Matrix Diagram . . . . . . . . . 338
Meeting Evaluation . . . . . . .. ... ... 345
MindMap . . . ... . e 349
Mistake-Proofing . . . . . . . . . . . ... 351
Multi-Vari Chart . . . . . . . . 356
Multivoting . . . . . . . . 359
StickingDots . . . . ... 361
WeightedVoting . . . . . . .. . ... ... ... 361
Multi-Stage Picking-Out Method (MPM) . . . . .. ... ... ... 362
Nominal Group Technique (NGT) . . ... ... ... ... ....... 364
Normal Probability Plot . . . . . . . ... ... ... ... ........ 365
Probability Plot . . . . . ... .. ... ... . . ... 368
Quantile-QuantilePlot . . . . ... ... ... ... ... . ..., . 369
Operational Definition . . . . .. .. ... ... ... ... ... ... . 370
Paired Comparison . . . . . . . .. . . ... 372
Forced Choice . . . ... .. . . . .. ... . ... 374
Numerical Prioritization . . . . . ... ... ... ... ....... 374
ParetoChart . . . . . . . . . .. 376
Weighted Pareto Chart . . . . . . ... ... ... .. ... ..... 379
ComparativeParetoCharts . . . . . .. ... ... ... ....... 380
Performancelndex . . . ... . .. .. ... ... . 383
PGCV Index . . . . . . . . 387
PlanDo-Study-ActCycle . . . . . . . . . ... ... .. ... 390
Standardize-Do-Study—-Adjust Cycle . . . . . ... ... ... ... 393
PlanResultsChart . . . . . . . . . . ... ... .. 393
PMI 397
Potential Problem Analysis . . . . . . .. . ... ... 399
Presentation . . . . . . . . . ... 403
Prioritization Matrix . . . . . . . . .. .. 408
Anaytical CriteriaMethod . . . ... ... ... .. ... ..... 409
Consensus CriteriaMethod . . . . .. ... ... ... ....... 413
Combination ID/Matrix Method . . . . . ... ... ... ...... 416
Process Capability Study . . . . ... ... ... ... .. ... 420
Process Decision Program Chart . . . . . . ... ... ... ....... 428
Project Charter . . . . . . . . . . 431
Project Charter Checklist . . . . . .. ... ... ... .. ........ 435
Radar Chart . . . .. .. . . . .. . . 437

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Table of Contents xi

Regresson Analysis . . . . . . . . ... 440
RelationsDiagram . . . . . . . . . ... 444
Matrix RelationsDiagram . . . . . . .. ... ... ... ...... 446
Repeatability and Reproducibility Study . . . . ... ... ... ... .. 448
RequirementsTable . . . . . . . . .. . ... .. .. .. ... 457
Requirements-and-Measures Tree . . . . . . . . . . ... ... ... .. 461
RunChart . .. ... .. . . . . . 463
Sampling . . . . 466
Scatter Diagram . . . . . . .. e 471
SIPOCDiagram . . . . . . . e 475
Stakeholder Analysis . . . . . . ... 476
Storyboard . . ... 431
Stratification . . . . . ... 4385
SUIVEY . o o e 487
Questionnaire . . . . . . .. e 489
E-Survey . ... 490
Telephone Interview . . . . . . . . . . .. .. .. 492
Face-to-Face Interview . . . . . . . ... ... ... .. 493
FocusGroup . . . . . . . . . 494
Table . . . . . e 499
TreeDiagram . . . . . . . . . e 501
Two-Dimensional Chart . . . . . ... ... ... ... .......... 505
Value-Added Analysis . . . . .. ... 507
Voiceof theCustomer Table . . . . . ... ... ... ... ....... 510
Why—-Why Diagram . . . . . . . . . . e 513
Wordsmithing . . . . . . . ... ... 516
Work-Flow Diagram . . . . . . . . . . .. . 519
AppendiX . . .. 523
Table A.1: Table of AreaUnder theNormal Curve . . . . . ... ... .. 523
Table A.2: Control Chart Constants . . . . . . ... .. ... ....... 525
ReSOUICES . . . . e 527
INdex . . . . 545

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

List of Figures and Tables

Figure 1.1 Expand—focussequence. . . . . . . ... 3
Table 1.1 Tool MatriX. . . o o 8
Figure 2.1 Kanomodel. . .. ... ... . ... 18
Fgure 2.2 Baldrige Award categories. . . . . . ... 22
Figure 2.3 Zchart. ... 26
Figure 2.4 “30" PrOCESS. . . . . 28
Figure 2.5 “B0" PrOCESS. . . . . e 28
Fgure 3.1 Ten-step quality improvement process. . . . . . . . .. ... 36
Figure 3.2 Ten-step quality improvement process flowchart. . . . . ... . ... 37
Fgure4.1 Medrad: balanced scorecard. . . . . . .. ... ... L. 56
Figure 4.2 Medrad: project charter. . . . . . . ... .. 57
Fgure 4.3 Medrad: project objectivesmatrix. . . . . . .. ... ... ... ... 58
Figure 4.4 Medrad: SIPOC diagram. . . . . . . . . .. ... . ... 59
Fgure 4.5 Medrad: as-iSprocessmap. . . . . v oo 59
Figure 4.6 Medrad: project metricstable. . . . . . .. ... .o L 60
Fgure 4.7 Medrad: p-chart. . . . . . . . . .. 61
Figure 4.8 Medrad: decison matrix. . . . . . .. .. ... 61
Fgure 4.9 Medrad: as-isand to-beprocessmaps. . . . . . . ... ... ... 62
Figure 4.10 Medrad: corrective action trackingtable. . . . . ... ... ... .. 63
Fgure4.11 Pearl River: treediagram. . . . ... .. ... ... ......... 65
Figure 4.12 Pearl River: PDSA approach. . . . . . . ... ... ... .. .... 66
Fgure 4.13 Pearl River: performance evaluation process. . . . . . . .. ... .. 66
Figure 4.14 Pearl River: analysisprocess. . . . . . . ... oo 67
Fgure 4.15 St. Luke's: balanced scorecard. . . . . ... 69
Figure 4.16 St. Luke's: L-shaped matrix. . . ... ... ... ... ... ... .. 70
Fgure 4.17 St.Lukes table. . .. ... 71
xiii

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

xiv  List of Figures and Tables

Figure 4.18 St. Luke's: detailed flowchart. . . . . ... ... . oL 72
Fgure 4.19 St. Luke's: fishbonediagram. . . . . . . ... 73
Figure 4.20 St. Luke's: to-be detailed flowchart. . . . . . ... ... L 73
Fgure 4.21 St.Lukes: Ganttchart. . . . ... ... ... 75
Figure 4.22 St. Luke's: policy document. . . . . ... 75
Fgure 4.23 St. Luke's rolesdocument. . . .. L 76
Figure 4.24 St. Luke's: checklist. . . . ... 77
Fgure 4.25 St.Lukes: linegraph. . . . . . ... 77
Figure 4.26 St.Luke'sbargraph. . . ... 78
Fgure 4.27 ZZ-400: top-down flowchart. . . . .. ... ... .. ........ 79
Figure 4.28 ZZ-400: L-shaped matrix. . . . . ... .. .. ... .. ... .. 80
Figure4.29  ZZ-400: XandRchart. . . . . ... ... .. ..., 81
Figure 4.30 ZZ-400: brainstorming. . . . . ... 81
Fgure 4.31 ZZ-400: affinity diagram. . . . . ... ... L 82
Figure 4.32 ZZ-400: performanceindex. . . . ... ... oL 84
Fgure 4.33 ZZ-400: scatter diagram. . . . . .. ... 85
Figure 4.34 ZZ-400: stratified scatter diagram. . . . . . .. ... 85
Fgure 4.35 ZZ-400: regressionanalysis. . . ... ..o 86
Figure 4.36 ZZ-400: fishbonediagram. . . . . . . . ... ... oL 87
Fgure 4.37 ZZ-400: isisnotdiagram. . . ... ... ... ... . ... 87
Figure 4.38 ZZ-400: storyboard. . . ... 89
Fgure5.1 Brainstorming for affinity diagramexample. . . . ... ... .. .. 97
Figure 5.2 Affinity diagramexample. . . . . . . . ... Lo L 98
Fgure5.3 Dummy separating simultaneoustasks. . . . . ... ... ... ... 102
Figure5.4 Dummy keeping sequence correct. . . . . ... ... 102
Fgure 5.5 Usinganextraevent. . . . . . . ..o v v v v i it 103
Figure 5.6 Arrow diagramtimebox. . . . ... ... Lo 103
Fgure5.7 Remembering slack calculations. . . . . ... ... ......... 104
Figure 5.8 Arrow diagramexample. . . . . ..o 105
Table 5.1 PERT example. . . . . . . . . . 108
Figure 5.9 Balanced scorecard example. . . . . ... 113
Fgure5.10 Project objectives support balanced scorecard goals. . . . . . . . .. 114
Figure 5.11 Datafor box plotexample. . . . . ... ... ... ... ... ... . 124
Fgure5.12 Boxplotexample. . . . . ... . . ... 125
Figure 5.13 Cause-and-effect matrix example. . . . . . .. ... ... ... ... 137
Fgure5.14 Check sheetexample. . . . . . . .. . . . . . . . . ... ... ... 142
Figure 5.15 Defect concentration diagramexample. . . . . . . . ... ... ... 144
Fgure 5.16 Contingency diagramexample. . . . . . ... ... ... ... ... 147

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

List of Figures and Tables  xv

Figure 5.17 Contingency tableexample. . . . . . ... .. ... oL 149
Fgure5.18 2 x 2 contingency tableexample. . . . . ... ... 149
Figure 5.19 Continuumof teamgoals. . . . . ... ... ... .. ... ... .. 151
Fgure 5.20 When to usethe basic control charts. . . . .. ... ......... 156
Figure 5.21 Out-of-control signals. . . . . . ... ... ... .. ... .. ... 157
Fgure 5.22 X and R chart or moving average-moving range chart worksheet. . . 162
Figure 5.23 X and R chart or moving average-moving rangechart. . . . . . . . . 163
Fgure5.24 Histogram of X and Rchartexample. . . . . .. ... ........ 164
Figure525 XandRchartexample. ... ... .................. 164
Figure5.26  Xand Rchart exampleworksheet. . . . . . . ... .......... 166
Figure 5.27 Chart of individualsworksheet. . . . ... ... ... ........ 169
Fgure 5.28 Chartof individuals. . . . ... ... ... ... . . . .. ...... 170
Figure 5.29 Chart of individualsexample. . . . . . ... .. ... ... ... 171
Table 5.2 MA-MR chart example calculation. . . . . ... ... ........ 174
Figure 5.30 Target chart example. . . . . . . ... .. Lo 176
Fgure 5.31 Attributechart. . . . . . ... ... 179
Figure 5.32 pchartworksheet. . . .. ... ... .. . ... . ... 181
Fgure 5.33 pchartexample. . ... . ... . . .. ... 182
Figure 5.34 npchartworksheet. . . . . .. ... . 184
Fgure 5.35 cchartworksheet. . ... ... ... . . . ... ... 185
Figure 5.36 uchartworksheet. . . . ... ... .. . ... .. 188
Fgure 5.37 Shortrun X and schartexample. . . . . ... ... ... ...... 192
Figure5.38  Group Xand Rchartexample. . . ... ... ............. 195
Fgure 5.39 Strong positive linear correlation. . . . . . .. ... ..., 198
Figure 5.40 Wesak negative linear correlation. . . . . .. ... .. ... ..... 198
Fgure 5.41 Nocorreation. . . . . . . . . . . 198
Figure 5.42 Nonlinear correlation. . . . . . . . . . . ... 198
Fgure 5.43 Cost-of-poor-quality analysisexample. . . . . ... ... ... ... 201
Figure 5.44 Criteriafilteringexample. . . . . . .. . . ... .. ... 204
Fgure 5.45 Critical-to-quality analysisexample. . . . . . . ... ... ... ... 209
Figure 5.46 Critical-to-quality treeexample. . . . . . ... ... ... ... ... 213
Fgure 5.47 Value-added analysisfor cycletime. . . . .. ... ... ... .... 217
Figure 5.48 Cycletimechartexample. . . . . ... ... ... ... ....... 218
Fgure 5.49 Cumulative cost—cycletimechartexample. . . . . ... ....... 218
Figure 5.50 Decison matrix example. . . . . . . . . ... oL 221
Fgure 5.51 Taguchi'slossfunction. . . ... ... ... ... .......... 226
Figure 5.52 Design of experimentsexampleresults. . . . . ... ... ... ... 229
Fgure 5.53 Design of experiments exampleanalysis. . . . ... ... ...... 229

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

xvi List of Figures and Tables

Figure 5.54 Design of experiments example: main effects. . . . . ... ... .. 230
Fgure 5.55 Design of experiments example: interaction effects. . . . . . .. .. 230
Figure 5.56 Effective—achievablechartexample. . . . . .. ... ... ... ... 235
Fgure 5.57 FMEA example. . . . . . . . . . . 238
Table 5.3 Criteriafor severity—occurrence—detection ratings. . . . . . . . . .. 240
Table 5.4 Eventsymbols. . . . . .. . ... .. 244
Table 5.5 Gatesymbols. . . . .. 244
Fgure 5.58 Fault treeanalysisexample. . . . .. ... ... ... ... ..... 245
Figure 5.59 Fishbone diagramexample. . . . ... ... ... ... ... .... 248
Table 5.6 BW2H questions. . . . . . . . . . 253
Figure 5.60 BW2H example. . . . . . . 254
Fgure 5.61 Macro flowchartexample. . . . . .. . . ... ... ... ...... 257
Figure 5.62 Top-down flowchartexample. . . . . ... ... ... ........ 259
Fgure 5.63 Detailed flowchartexample. . . . . . ... ... ... ... ..... 261
Figure 5.64 Deployment flowchart example. . . . . . . ... ... .. ... ... 266
Fgure 5.65 Several-leveled flowchart example. . . . . . . ... ... ... ... 268
Figure 5.66 Forcefield andlysisexample. . . .. ... ... .. ... ...... 269
Fgure 5.67 Ganttchartexample. . . . . . . . . . . . ... 272
Figure 5.68 Graphdecisiontree. . . . .. .. . ... . ... 276
Fgure 5.69 Stacked bargraph. . . . . ... 279
Figure 5.70 Scalebreak. . . . . .. 279
Fgure5.71 Barchartexample. . . . . ... ... . . ... 281
Figure 5.72 Grouped bar chart example. . . . . . . ... ..o 282
Fgure5.73 Dotchartexample. . . . . .. . . . . . . . . 284
Figure 5.74 Two-way dot chartexample. . . . . . .. .. ... ... ... ... 285
Fgure 5.75 Grouped dot chartexample. . . . . . . . ... ... ... 286
Figure 5.76 Multi-valued dot chart example. . . . . . . .. ... ... ... ... 287
Fgure 5.77 Poor piechart. . . ... .. .. ... 287
Figure 5.78 Acceptablepiechart. . . . ... ... ... 288
Fgure 5.79 Linegraphexample. . . . . .. ... . . .. ... .. 290
Figure 5.80 High-low graphexample. . . . . ... ... ... ... .. ..... 292
Fgure 5.81 Histogramworksheet. . . . . . ... . .. . .. ... 294
Figure 5.82 Histogramexample. . . . . . . . . ... ... 295
Fgure 5.83 Normal distribution. . . . . . . . ... ... 296
Figure 5.84 Skewed distribution. . . . ... 296
Fgure 5.85 Bimodal (double-peaked) distribution. . . . . .. ... ... ..... 297
Figure 5.86 Plateau distribution. . . . . . . ... oo 297
Fgure 5.87 Edge peak distribution. . . . . . ... 298

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

List of Figures and Tables xvii

Figure 5.88 Comb distribution. . . . . .. . L 298
Fgure 5.89 Truncated or heart-cut distribution. . . . . . . ... ... ... ... 299
Fgure 5.90 Dogfood distribution. . . . . . . ... 299
Figure 5.91 Polygon chart example. . . . . . . . . ... 300
Fgure 5.92 Stem-and-leaf display example. . . . . . ... ... ..., 301
Fgure 5.93 Pointgraphexample. . . . . . . . ... ... 302
Figure 5.94 Percentilegraphexample. . . . . . . . .. ... L oL 303
Figure 5.95 CDFgraphexample. . . . . .. ... ... . . .. 304
Figure 5.96 Cumulative polygon graphexample. . . . . . .. .. ... ... ... 305
Fgure 5.97 House of quality structure. . . . . . . . ... ... ... .. 306
Fgure 5.98 House of quality example. . . . . . . .. ... ... 308
Table 5.7 Hypothesis tests for means, variances, and proportions. . . . . . . . 315
Table 5.8 Chi-sguare hypothesis tests for categorical data. . . . . . ... ... 317
Fgure 5.99 t-test example, firstprocedure. . . . . . ... ... L. 319
Figure5.100 t-test example, alternate procedure. . . . . . . .. ... L. 319
Figure5.101 Typelandtypell errors. . . . . . . . . . . .. . . .. 322
Table 5.9 Importance—performance analysisrating table. . . . . . .. ... .. 325
Figure5.102 Customers importance—performance comparison. . . . . .. .. .. 325
Fgure5.103  Supplier—customer comparison: importance. . . . . . . . ... ... 326
Fgure5.104  Supplier—customer comparison: performance. . . . . . . . .. .. .. 327
Table 5.10 Importance—performance analysis example: rating table. . . . . . . . 327
Figure5.105 Importance—performance analysis example: customers’

COMPANISON. . . . . ot e e e 328
Figure5.106  Importance—performance analysis example: importance

COMPANISON. . . . v v v e e e e e e e e 329
Figure5.107  Importance—performance analysis example: performance

COMPANISON. . . . v v e e e e e e e e 329
Figure 5108  IsHsnotmatrix. . . . . . .. . . . . ... 331
Fgure5.109 Is-Hsnot matrix example. . . . . . . . .. ... 333
Fgure5.110 Listreductionexample. . . . . . . .. . ... ... ... ... 336
Fgure5.111  Listreduction example: criteria. . . . . . .. ... ... ... ... 336
Fgure5.112  List reduction example: criteriafiltering. . . . .. .. ... ... .. 337
Table 5.11 When to use differently-shaped matrices. . . .. ... ........ 339
Figure 5113  L-shaped matrix example. . . . . . . ... .. . ... . 340
Figure5.114  T-shaped matrix example. . . . . . . . . . .. . ... .. 341
Figure5.115  Y-shaped matrix example. . . . . . . .. ... .. ... ... 342
Figure5.116  C-shaped matrix example. . . . . . . . . ... ... ... 343
Fgure5.117  X-shaped matrix example. . . . . . . . . ... 343
Fgure5.118 Roof-shaped matrix example. . . . . . . .. ... .. ... ... .. 344

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



xviii List of Figures and Tables

SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Figure5.119 Meeting evaluationexample. . . . . . . . .. . . ... L. 346
Figure5.120 Whentouseamindmap. . .. ... .. ... ..., 349
Figure5121 Mindmapexample. . . . .. .. . .. ... ... 351
Fgure5.122 Restaurant'sdeploymentchart. . . . . . ... ... .. ... ..... 353
Figure5.123  Multi-vari sampling treeexample. . . . . ... ... ... ... ... 357
Fgure5.124  Multi-vari chartexample. . . . . . .. . ... ... ... ...... 358
Figure 5125 Multivotingexample. . . . . . . . . . ... . L 361
Fgure5.126 Weightedvotingexample. . . . . . . . . ... ... ... . ..... 362
Table 5.12 Normal probability plot example calculations. . . . . ... ... .. 367
Figure5.127 Normal probability plotexample. . . . . ... ... ... ...... 368
Figure 5128  Histogram of normal probability plotdata. . . . . . . . ... .. .. 368
Figure5.129  Shapesof normal probability plots. . . . . .. ... ... ... ... 369
Figure5.130  Paired comparisonexample. . . . . . . . . ... ... 373
Fgure5.131 Forced choiceexample. . . . .. ... ... . ... ... ...... 374
Figure5.132  Numerical prioritizationexample. . . . . . .. ... ... ... ... 375
Figure5.133 Paretochartexample. . . ... . .. . . . . . ... ... 378
Figure5.134  Pareto chart example with cumulativeline. . . . . .. ... ... .. 378
Figure5.135 Weighted Pareto chartexample. . . . . . . .. ... ... ... ... 380
Figure5.136  Comparative Pareto chartexample. . . . . . . ... ... ... ... 381
Fgure5.137 Paretochartworksheet. . . . . . . ... . ... ... ... ...... 382
Figure5.138 Peformanceindex. . . . . .. .. . . ... . ... 384
Fgure5.139 Performanceindexexample. . . . . . . . .. . ... ... ... ... 386
Figure5.140 PGCV index example calculations. . . . . . . ... ... ...... 389
Figure5.141 PGCV index example. . . . . . . . . . . .. .. 389
Figure5.142 Plan-do-study-actcycle. . . . .. .. ... ... ... .. . ..., 391
Fgure5.143 Plan-do-study-act example. . . . . .. ... . ... ... ... ... 392
Figure5.144  Plan-resultschart. . . . . . . .. .. . ... . . .. o 394
Fgure5.145 Plan-resultschartexample. . . . . . . . . ... ... ... . ..... 396
Figure5146 PMlexample . . . . . . . .. . 398
Figure5.147 Potentia problem analysisexample. . . . . .. ... ... ... ... 400
Figure 5148  Analytical criteriamethod example: criteriamatrix. . . . . . .. .. 411
Fgure5.149  Analytical criteria method example: options versus

criterial matrix. . . . . ... 412
Figure 5150  Analytical criteria method example: options versus

criteria2matrix. . . . ... 412
Fgure5.151  Analytical criteria method example: options versus

criteria3 matrix. . . . . ... 412
Figure5.152  Analytical criteriamethod example: summary matrix. . .. ... .. 413

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

List of Figures and Tables  xix

Figure 5153  Consensus criteria method example: criteriamatrix. . . . . . . . .. 415
Figure 5154  Consensus criteria method example: criteria versus

option 2 matriX. . . . . . . 415
Figure 5155  Consensus criteria method example: criteria versus

option 3matriX. . . . . .. 415
Figure5.156  Consensus criteria method example: summary matrix. . . . ... .. 416
Figure5.157 Combination ID/matrix method example. . . . .. .. ... ... .. 418
Fgure5.158 Incapableprocess. . . . . . . . . . . 424
Fgure5.159 Capableprocess. . . . . . . . . . 424
Figure5.160 Drifting process. . . . . . . . . . 425
Figure 5161  Process decision program chartexample. . . . . . .. ... ... .. 430
Figure5.162 Project charterexample. . . . . . . . ... ... ... .. 434
Figure 5163 Radar chartexample. . . . . . .. .. ... ... ... .. ... ... 439
Table 5.13 Regression analysisexample. . . . . . ... ... ... 441
Figure5.164 Regressionanadysisexample. . . ... ... . ... ... ...... 442
Figure5.165 Regression analysis example, stratifieddata. . . . . . . . ... ... 442
Fgure5.166 Relationsdiagramexample. . . . ... . ... ... ... ... ... 445
Figure5.167 Matrix relationsdiagramexample. . . . . . . ... . ... ... ... 447
Table5.14 Reproducibility constant d;. . . . . . .. ... 451
Table 5.15 R&Rstudy example. . . . . . .. ... . 452
Figure5.168 R&R study example, averageand rangecharts. . . . . .. ... ... 453
Table 5.16 Categories of customers and their requirements. . . . . . ... ... 458
Fgure5.169 Requirementstableexample. . . . . . . ... ... ... ... .... 459
Fgure5.170 Requirements-and-measurestreeexample. . . . . . ... ... ... 462
Table 5.17 Number of runstable. . . . ... ... ... ... ... . ..... 465
Fgure5.171 Runchart. . . . . . . . . . 465
Table 5.18 Trendtesttable. . . .. ... ... ... .. ... . 472
Figure5.172  Scatter diagramexample. . . . . . . . . . ... .. 473
Figure5.173 SIPOCdiagramexample. . . . . . . ... .. ... ... .. .... 476
Fgure5.174 Influence-importancechart. . . . ... ... . ... ... ...... 478
Fgure5.175 Stakeholder analysistableexample. . . . . . . ... ... ... ... 479
Figure5.176  Stakeholder analysis example: influence-importance chart. . . . . . 479
Fgure5.177  Stakeholder analysis example: participation matrix. . . . ... ... 480
Figure5.178 Storyboardexample. . . . . . . . . ... 484
Figure5.179  Stratificationexample. . . . . . . . . ... ... o o 486
Figure 5180 Surveyexample. . . . . . . . . .. 491
Figure5.181  Tablefor tracking telephoneinterviews. . . . . . ... ... ... .. 492
Figure5.182 Tableexample. . . . . . . . . . . . . . . ... 500

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

xx  List of Figures and Tables

Table 5.19 Treediagram variations. . . . . . ... ... ... 502
Figure5.183 Treediagramexample. . . . . . . . . . . . ... 503
Figure5.184  Two-dimensional chart example. . . . . ... .. ... ... .... 506
Fgure5.185 Vaue-added analysisexample. . . . . . ... ... .. ... ..... 509
Figure5.186 Voice of the customer tableexample. . . . . . . ... ... ... .. 512
Figure5.187 Why-why diagramexample. . . . . . . ... ... .. ... ..... 515
Figure 5188  Inch deep, mile wide—inch wide, miledeep. . . . . . ... ... .. 516
Figure5.189 Work-flow diagramexample. . . . . . . ... ... ... .. .... 520
TableA.1 Areaunder thenormal curve. . . . .. .. ... 523
TableA.2 Control chartconstants. . . . . . . .. ... ... .. .. 525

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Preface to the First Edition

down the road of quality improvement, asked me to teach them new tools to use

with their quality teams. They were stuck in a rut of using just a few familiar
standards:. brainstorming, multivoting, fishbone and Pareto diagrams. Their knowledge
of the wide choice of methods and techniques that can be used in quality improvement
was limited. Frustrated at being able to teach so few of the available toolsin atraining
session, | decided to create areference that they could use to locate and learn new tools
on their own.

The question they asked after, “What tools exist?’ was, “When do we use them?”’
The facilitators knew far more tools than they commonly used, but they did not know
how to choose and apply tools at appropriate times during the process of quality improve-
ment. So woven through the reference book was guidance on fitting the tools into the
guality improvement process.

Since then, the book has been used with groups just getting started with quality
improvement. It gives them more confidence with the basic tools and the quality improve-
ment process they have learned. It also gives them a way to continue learning just-in-
time, as they encounter needs for new methods. Team members, as well as facilitators
and team leaders, have copies of the Toolbox on their shelves and refer to it between or
during meetings.

Sometimes anything labeled “quality” is considered separate from day-to-day activ-
ities, but quality improvement extends into many areas that are not labeled “quality.”
Anyone planning strategy, solving aproblem, developing a project plan, seeking ideas or
agreement from other people, or trying to understand the customer better can use these
toolsto produce higher quality outcome more easily. By whatever name we cdll it, qual-
ity improvement should be a significant part of everything that every one of us does.

The Quality Toolbox is a comprehensive reference to avariety of methods and tech-
niques: those most commonly used for quality improvement, many less commonly
used, and a half dozen created by the author—not available elsewhere. The reader will
find the widely used seven basic quality control tools (for example, fishbone diagram
and Pareto chart) as well as the newer management and planning tools, sometimes

The ideafor this book originated when agroup of facilitatorsin my company, well
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xxii Preface to the First Edition

called the seven new QC tools (for example, affinity diagram and arrow diagram). Tools
are included for generating and organizing ideas, evaluating ideas, analyzing processes,
determining root causes, planning, and basic data-handling and statistics.

Most reference books of statistical techniques do not include other quality improve-
ment tools. Yet, those improving the quality of their work will need both kinds of tools
at different times. Thisistruein both manufacturing and service organizations. In service
organizations, and business and support functions of all organizations, people often fear
statistical tools. They do not understand when and how to call upon their power. By
combining both types of tools and providing guidance for when to use them, this book
should open up the wide range of methods available for improvement.

The book iswritten and organized to be as simple as possible to use so that anyone
can find and learn new tools without a teacher. Above all, The Quality Toolbox is an
instruction book. The reader can learn new tools or, for familiar tools, discover new
variations or applications. It aso is a reference book. It is organized so that a half-
remembered tool can be found and reviewed easily and so that the reader can quickly
identify the right tool to solve a particular problem or achieve a specific goal.

With this book close at hand, a quality improvement team becomes capable of more
efficient and effective work with less assistance from atrained quality consultant. | hope
that quality and training professionals also will find the Toolbox a handy reference and
quick way to expand their repertoire of tools, techniques, applications, and tricks.
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Preface to the Second Edition

and much has stayed the same in quality improvement. The fundamental tools con-

tinue to be essential, but the value of other tools, especialy statistical ones, has
become more widely acknowledged. Thanks to Six Sigma, statistical tools such as
hypothesis testing, regression analysis, and design of experiments, which have aways
been powerful tools for understanding and improving processes, are being used more
regularly within quality improvement projects. A variety of previously lesser-known
nonstatistical tools has also been taught by Six Sigma, lean, and other methodol ogies
that have become widespread over the last ten years.

In updating this book, | have added 34 tools and 18 variations. Many of these tools
existed when the first edition was published but were not yet used widely, or by the typ-
ical quality improvement team, or (I must confess) by me and my organization. Some
of these new tools were used in other fields, such as the social sciences, but had not yet
been adopted into quality improvement. As | wrote this edition, | discovered that | could
spend years discovering the many varieties of quality improvement methodol ogies and
the many creative applications of tools for improving work processes. At some point,
however, | had to say “Enough!” and send the book to print.

Some of the added tools—for example, design of experiments and benchmarking—
are too complex to be learned from the description in this book, but an overview is pro-
vided so that the reader will know when the tool is appropriate or even essential to the
improvement process and be encouraged to use it, with expert assistance. Many of
the new tools, however, are not difficult and can be learned easily from this book. That
has always been the intent: to help team members and facilitators find and use the right
tool at the right time in their improvement processes.

Another decade of Baldrige Award winners has continued to show us that there are
many paths to excellence and that the tools and methods of quality improvement apply
well to nonindustrial areas such as education and healthcare. This edition includes exam-
ples from awider range of applications. Readers of the first edition asked for more case
studies. The “Quality Improvement Stories’ chapter has been expanded to include
detailed case studies from three Baldrige Award winners.

I n the ten years since the first edition of this book was published, much has changed

XXxiii
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xxiv Preface to the Second Edition

A new chapter, “Mega-Tools: Quality Management Systems,” puts the tools into
two contexts: the historical evolution of quality improvement and the quality manage-
ment systems within which the tools are used.

The last ten years have also seen increasing use of computers, especially the preva-
lence of software for all sorts of quality improvement tasks and the explosion of the
Internet. This edition recognizes the computer as a valuable assistant to remove drudgery
from many of the tools' procedures. However, it iscritical to know the tool well enough
to set up the computer’s task and to understand and act on the results the computer pro-
vides, and this edition gives the reader that knowledge.

Computers have taught us all how valuable icons can be for instant understanding.
This edition liberally uses icons with each tool description to reinforce for the reader
what kind of tool it is and where it is used within the improvement process.

Before beginning work on this second edition, | used a basic quality principle: |
asked my customers (readers) what thefirst edition did well and what could be improved.
The needs of both seasoned quality practitioners and those just beginning to learn about
guality were kept in mind as the book was written. | hope the improvements to The
Quality Toolbox delight you by exceeding your expectations!
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1
How to Use This Book

blade saw can build cabinets that are functional, but plain and crude. The
carpenter with many different tools at hand will be able to create unique and
well-crafted items and solve problem situations.

Like a carpenter’stoolbox, The Quality Toolbox provides you with achoice of many
tools appropriate to the wide variety of situations that occur on the road to continuous
improvement. In fact, 148 different tools and variations are described with step-by-step
instructions.

What is a quality tool? Webster defines a tool as: “Any implement, instrument, or
utensil held in the hand and used to form, shape, fasten, add to, take away from, or
otherwise change something . . . . Any similar instrument that is the working part of a
power-driven machine. . . . Anything that servesin the manner of atool; ameans”* So
tools are relatively small, often parts of a larger unit; they do something; each is
designed for a very specific purpose. Thus, concepts are not tools, because they don’t
do anything, and methodologies or systems are not tools, because they are large and do
too many things, although each of these have been called tools. Quality tools are the
diagrams, charts, techniques and methods that, step by step, accomplish the work of
quality improvement. They are the means to accomplish change.

If the Toolbox were only a step-by-step guide to many tools, it would be difficult to
use. No one wants to read such a book cover to cover. How can you know atool will be
useful if you don't already know the tool? Several aids help guide you to the right tool
for the situation.

A carpenter with only a hammer, a screwdriver, a pair of pliers, and a straight-
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2 Chapter One: How to Use This Book

THE TOOL MATRIX

The Tool Matrix (Table 1.1, page 8) lists all the tools in the book and categorizes them
in three different ways to help you find the right one. To search for a tool, ask yourself
three questions:

1. What do we want to do with this tool? A carpenter who wants to cut something
will look for some type of saw, not for a screwdriver. Quality improvement tools also
can be grouped according to how they are used.

Project planning and implementing tools: When you are managing
your improvement project.

Idea creation tools: When you want to come up with new ideas or
organize many ideas.

Process analysis tools: When you want to understand a work process
or some part of a process. Processes start with inputs coming from
suppliers, change those inputs, and end with outputs going to
customers.

Data collection and analysis tools: When you want to collect data or
analyze data you have already collected.

&

Cause analysis tools: When you want to discover the cause of a
problem or situation.

L

Evaluation and decision-making tools: When you want to narrow
& a group of choices to the best one, or when you want to evaluate
how well you have done something. This includes evaluating
project results.

g;‘i:

The tools in the Tool Matrix are grouped according to these categories. Notice that
some tools show up in several categories. These versatile tools can be used in a variety
of ways.

&v 2. Where are we in our quality improvement process? A carpenter would use

B fine sandpaper only when the cabinet is almost done. Some tools are useful

only at certain steps in the quality improvement process.

If you are not sure what this question means, read chapter 2. It describes ten steps
of a general process for quality improvement. This process was deliberately written in
ordinary, commonsense language. A translation to standard quality terminology is
shown beside it. Your organization’s process probably is written differently and has
more or fewer steps. However, you should be able to find all the elements of your
process in the ten-step process.



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

The Tool Matrix 3

In the Tool Matrix, the columns list the ten steps. Each step of the processin which
atool can be used is marked with an X. The versatile tools that appear in severa cate-
gories often have different steps marked from category to category, astheir use changes.

3. Do we need to expand or to focus our thinking? The process of quality

improvement goes through aternating periods of expanding our thinking to

many different ideas and focusing our idess to specifics. The expanding
period is creative and can generate new and innovative ideas. The focusing period is ana-
Iytical and action oriented. To obtain results, you eventualy have to stop considering
options, decide what to do, and do it!

See Figure 1.1 for an illustration of how the expand-focus sequence works. To
choose the most worthwhile problem to attack, first expand your thinking to many dif-
ferent problems—big, small, annoying, and expensive problems—by anayzing the
process and collecting data. Next, focus your thinking: with evaluation tools, use a set
of criteriato choose one well-defined problem to solve.

E-X-P-A-N-D
Focus

Your Thinking

i i i Identify

Expand problems
Problem

Focus well defined

Expand Analyze

! ! causes
Focus it aeniied.
Expand ' ' soluions
Focus Solution

chosen

Figure 1.1 Expand-focus sequence.
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4 Chapter One: How to Use This Book

Now, expand your thinking to many possible causes of the problem using tools like
the fishbone diagram or is-is not matrix. Could it be this? Could it be that? Maybe
what’s happening is. . . . After getting lots of ideas, use methods such as data collection,
analysis, and logical reasoning to narrow all possible causes to the few that really are
the culprits.

Finally, expand your thinking once again to many ways to solve the problem, using
tools like idea creation and data analysis. From a variety of solutions, use evaluation
tools to choose the one most likely to work in your unique circumstances.

Some tools are designed specifically to help you expand your thinking. Others are
designed solely to help you focus. A few encompass both modes: the first few steps of
the tool expand your thinking and the final steps lead you through focusing. Some tools
can either expand or focus your thinking, depending on how and when they are used.
For example, flowcharts can be used to expand your thinking to al possible problems
in a process, or they can guide a group to focus on the one way everyone has agreed a
process will operate from this time forward.

The third column of the Tool Matrix shows an E for expansion or an F for focus-
ing. Tools that encompass both modes or that can be used for either purpose are indi-
cated by E/F.

Example

Let'slook at an example of the Tool Matrix in use. Suppose your team has tested a solu-
tion; it worked, and you are ready to install it throughout your organization. Suppose
that as you are beginning to plan how to do that, your team wants to consider what
might go wrong. How do you find potential tools to help you?

First ask, “What do we want to do with thistool?’ You need to plan and implement,
so look at the Tool Matrix in the group labeled “Project planning and implementing
tools” There are 28 tools in that group.

Then ask, “Where are we in our quality improvement process?’ You are at step 9:
“If it worked, how can we do it every time?’ or, in quality jargon, “ Standardize.” On the
Tool Matrix, under the column for that step, you find 24 tools marked with an X.

Your third question is, “Do we need to expand or focus our thinking?’ By consid-
ering everything that might go wrong, you are expanding your thinking, so you elimi-
nate the 11 tools marked F. That leaves 13 possible tools.

What next? Now you are ready to turn to chapter five, the main part of the book,
and browse through the tools.

THE TOOLS

Thetools arelisted in aphabetical order, rather than by categories, so that whenever you
know the name of the tool, you know exactly whereto find it. Each tool has six sections.
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» Description. A few sentences explain what the tool is and what it does. In
addition, the icons you saw on pages 2 and 3 appear again to remind you to
what category the tool belongs, at what steps of the process the tool can be
used, and whether it is an expanding or focusing tool.

» When to Use. This section describes the situations in which you would want to
use thistool. A situation might be a particular stage of the quality improvement
process, a certain kind of problem, or after another tool has been used. If two
or more situations should be true when the tool isused, “and . . " links the
statements. Otherwise, “or . . " shows that the tool can be used if any of
the statements are true. “ Especially” means that the statement following is a
situation where the tool is particularly useful.

* Procedure. A step-by-step numbered procedure guides you through using the
tool. This section is very basic, so you can always use it as a quick reference.

» Example. You are introduced to a situation when the tool was appropriate for
ateam’s situation, and the tool’s use is explained. Calculations, the thinking
behind various steps, and the conclusions that could be drawn also are
explained. Some of these examples are fictional; others are based on actual
situations. Whenever atool involves a chart or diagram, an example or drawing
is shown.

 Variations. When the tool can have several different appearances or methods,
the step-by-step procedure for each variation is written out. Often, examples are
provided for the variation. Occasionally, separate “ description,” “when to use,
or “considerations’ sections are also necessary. In most cases, the variation has
aunique name. Occasionally it is simply called “Variation.”

e Considerations. This section includes tips, tricks, and warnings—notes to
help you use the tool more easily, avoid problems, or add additional flair or
sophistication. Thus, this section adds all the detail and color that were omitted
from the basic procedure.

Example

Let’s return to the example, with your team ready to spread a solution throughout the
organi zation. What happens after using the Tool Matrix to narrow thelist of toolsto 13?
Browse through those 13 tools, reading just the “Description” and “When to Use”
When you flip to the contingency diagram, you will read, “The contingency diagram
uses brainstorming and a negative thinking process to identify how process problems
occur or what might go wrong in a plan. Then the negative thinking is reversed to gen-
erate solutions or preventive measures.” When do you use this? “When planning imple-
mentation of a phase of a project, especialy the solution,” and “Before launching a
change” That sounds like exactly what you need.
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6 Chapter One: How to Use This Book

But you should continue browsing through all 13 tools. You will discover that
potential problem analysis and process decision program chart are designed for simi-
lar purposes and applications. Then read the sections for each of the three tools care-
fully in order to decide which one is most appropriate for your team’s situation.

GENERIC TOOLS

If you walked into a hardware store and asked for “a saw,” the clerk would respond,
“What kind of saw?’ “Saw” is a name for a broad group of tools; there are many spe-
cific saws designed for particular purposes. Similarly, there are several generic kinds of
quality tools that can be customized for particular purposes.

For example, “graph” is a general name for a generic tool. There are hundreds of
types of graphs—line graphs, bar charts, pie charts, box plots, histograms, control
charts, and so on—which have been developed over the years to respond to specific
needs or uses for graphs. People have named and described these graph variations so
that others won’t have to keep reinventing the wheel, or the graph, in this case.

Anyone familiar with the general definition of graph—"avisual display of numer-
ical datato achieve deeper or quicker understanding of the meaning of the numbers’—
might devise a new way of displaying data to suit a particular need. That type of graph
might be used only once, or it might become another named graph that others with the
same need could use.

Quality improvement practitioners are creative and inventive, so many tool varia-
tions have been devised. This book does not include many that are straightforward
applications of the generic tool, which is especially common with check sheets, matri-
ces and tables. It does include ones that are in some way unique, where there was a cre-
ative or conceptual jump between the generic tool and the variation. Separate entries are
allotted for tools that have complex procedures (such as the control chart) or a narrower
application (such as the decision matrix). Otherwise, the variation is described under
the generic tool’s listing. Each of the generic tools hasits own entry.

So what are these generic tools? Here is alist, with examples of unique variations:

Check sheet and checklist: defect concentration diagram, project charter
checklist, guidance questions

Flowchart: deployment flowchart, macro flowchart, process mapping, top-
down flowchart, work flow diagram

Graph: control chart, histogram, Pareto chart, run chart, scatter diagram
Matrix Diagram: decision matrix, prioritization matrix, house of quality

Table: contingency table, check sheet, stakeholder analysis table, voice of the
customer table
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Generic Tools 7

Tree Diagram: decision tree, fault tree analysis, process decision program
chart, why—why diagram

Two-Dimensional Chart; effective—achievable chart, Kano model,
plan—results chart

Learn the generic tools first, and then the variations will be easier.

Once you are familiar with the generic tools, you too might improvise to develop a
tool variation that fits a particular need. If it iswidely applicable, share your new tool
with others.

Now you know how to use this book to identify and learn the tools that are most
useful in your specific situation. You might be wondering, “How do al these tools fit
together to create improvements?” The next chapter, “Mega-Tools: Quality
Management Systems,” discusses the organizationwide processes into which the tools
fit. Chapter 3, “The Quality Improvement Process,” outlines the improvement model
and types of tools used each step of the way, and Chapter 4, “Quality Improvement
Stories,” tells how four teams actually used the tools to improve their work.

ENDNOTE

1. Michael Agnes, ed., Webster’s New World College Dictionary, 4th edition (Foster City,
CA: IDG Books Worldwide, 2000).
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Mega-Tools: Quality
Management Systems

such as QFD, 1S0O, Six Sigma, and lean. Although sometimes called “tools,”

these are really systems for organizing and managing improvement across an
organization. They involve philosophical concepts and methodologies as well as col-
lections of smaller tools.

While a blueprint might be called a tool, a carpenter would consider it in a differ-
ent category from screwdrivers and hammers. Similarly, these quality mega-tools are
different from the specific tools that are the primary focus of this book. This chapter
will provide overviews of the major quality improvement systems to help clarify what
they are and how the tools of this book are used within them. Frst, however, we must
set the context with a brief history of quality improvement.

D iscussions of quality tools often include huge mechanisms with cryptic names

THE EVOLUTION OF QUALITY

The story actually beginsin the middle ages with craftsmen’s guilds, but we'll start with
Walter A. Shewhart, a Bell Laboratory statistician. In the 1920s, based on earlier English
work in agriculture, he developed control charts and the principles of modern statistical
process control. Shewhart’s statistical principles were applied in American industry in
the 1930s but lost favor after World War 11 as the booming market gave American man-
ufacturing easy primacy.

Dr. W. Edwards Deming, a statistician who worked for the USDA and the Census
Bureau, learned statistical process control from Shewhart and taught it to engineers and
statisticians in the early 1940s. He became frustrated that managers did not understand
the benefits of these methods and therefore did not support them. After World War 11,
he went to Japan to advise on census issues and in the early 1950s was invited to

13
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lecture to the Union of Japanese Scientists and Engineers (JUSE) on quality control.
At the time, “Made in Japan” was a synonym for low-quality junk. Deming taught
Japanese industrialists statistical and managerial concepts and told them that by apply-
ing these concepts, they could have the world asking for their products.

Dr. Joseph M. Juran was an electrical engineer trained in industrial statistics at
Western Electric. Like Deming, he applied his knowledge in Washington, D.C., during
WorldWar 1. Like Deming, he was invited to lecture to the JUSE, focusing on planning
and management’s responsibilities for quality. Drs. Deming and Juran were both deco-
rated by Emperor Hirohito.

Deming had been right. By the 1970s, American auto and electronicsindustries were
reeling from Japanese high-quality competition. In 1980, a TV documentary titled, “If
Japan Can, Why Can't We?’ got the attention of American companies. Teams went to
Japan to study what Toyota, Mitsubishi, Nissan, and others were doing, and Drs. Deming
and Juran were suddenly in demand as consultants to American CEOs. Major corpora
tions, including the Big Three automakers—Ford, General Motors, and Chrysler—began
programs of quality management and statistical quality control. The new quality philos-
ophy taught that the quality of incoming materials was important, so these companies
pressed their suppliers to begin quality efforts as well. Those suppliers turned to their
suppliers, and quality programs cascaded through American industry.

TOTAL QUALITY MANAGEMENT

Total Quality Management (TQM) is any quality management system that
addresses all areas of an organization, emphasizes customer satisfaction, and
uses continuous improvement methods and tools. TQM is based on the con-
cepts taught by quality management gurus Deming, Juran, Crosby, |shikawa,
and others.

Listening to Deming and Juran and observing the methods that had yielded such success
in Japan, American quality programs emphasized far more than just statistics. Approaches
that embraced the entire organization, not just the production area, and that included a
change in management style, not just statistical tools, came to be called Total Quality
Management (TQM).

TQM was the name used in 1985 by the Naval Air Systems Command for its pro-
gram. Since then, the term has been widely adopted and does not refer to a specific
program or system. Practitioners of TQM might follow a program based primarily on
Deming's fourteen management points, the Juran Trilogy (quality planning, quality con-
trol, and quality improvement), Philip Crosby’s Four Absolutes of Quality Management,
or some customized composite. Regardless of the flavor, TQM programs include three
components: management philosophy, an improvement process or model, and a set of
tools that include the seven quality control (QC) tools.

All of the quality gurus agree that a fundamental cause of quality problemsin any
organization is management. The leaders of organizations adopting TQM usually need
to make fundamental changes in their management philosophy and methods. Common
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elements of any TQM program include senior management leadership of quality,
employee involvement and empowerment, customer-defined quality and afocus on cus-
tomer satisfaction, a view of work as process, and continuous improvement.

An improvement process or model provides the “how-to” for specific improve-
ments. It is a framework for teams or individuals to follow each time they tackle a
specific issue. Chapter 3 discusses improvement processes and defines the generic ten-
step model used in this book.

Tools are the means for action, as discussed in Chapter 1. The most fundamental
tools and the first ones developed are the seven quality control tools.

Tools: The Seven QC Tools and the Seven MP Tools

The seven QC tools were first emphasized by Kaoru Ishikawa, professor of engineering
at Tokyo University and father of quality circles. His origina seven tools were: cause-
and-effect diagram (also called Ishikawa or fishbone chart), check sheet, Shewhart’s con-
trol charts, histogram, Pareto chart, scatter diagram, and stratification. Some lists replace
dratification with flowchart or run chart. They are variously called the seven quality
control tools, the seven basic tools, or the seven old tools. Regardless of the name, a set
of seven simple yet powerful tools are used in every system of quality improvement.

In 1976, the JUSE saw the need for tools to promote innovation, communicate
information, and successfully plan major projects. A team researched and developed the
seven new QC tools, often called the seven management and planning (MP) tools or
simply the seven management tools. Not all the tools were new, but their collection and
promotion were. The seven MP tools are: affinity diagram, relations diagram, tree
diagram, matrix diagram, matrix data analysis, arrow diagram, and process decision
program chart (PDPC). The order listed moves from abstract analysis to detailed plan-
ning. All of the old and new tools are included in this book, with the exception of matrix
data analysis. That tool, a complex mathematical technique for analyzing matrices, is
often replaced in the list by the similar prioritization matrix, which is included here.

The seven new tools were introduced in the United States in the mid-1980s with
hoshin planning, a breakthrough strategic planning process that links visionary goalsto
work plans. Through the 1980s and 1990s, many people provided innovative additions
to the concepts, methods, and tools of quality improvement. Genichi Taguchi devel oped
new methods of applying experimental design to quality control. Masaaki Imai popu-
larized the term and concept kaizen, which means small, continuous improvements,
often using the PDSA cycle. Quality function deployment (QFD), benchmarking, 1SO
9000 and 1SO 14000, the Baldrige Award, Six Sigma, theory of constraints, and lean
manufacturing are all either new developments or revitalization and repackaging of
prior concepts and methods.

Problems and Benefits

TQM doesn’t ways generate the hoped-for results. In the last decade, it was sometimes
considered a fad that had flashed and was dying. However, enough organizations have

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

16  Chapter Two: Mega-Tools: Quality Management Systems

used it with outstanding success that, to paraphrase Mark Twain, the reports of its death
have been greatly exaggerated. Applying any system of quality management requires
such tremendous change to an organization’s culture that it is very difficult to accom-
plish. Picking out just the pieces that are appealing or easy won't work. Imitating a
successful organization won't work either, because their starting point and their organi-
zation were different than yours. Quality management can only be successful with a
great deal of learning, intense analysis, hard work, and focused attention over an extended
period of time.

The next sections describe some of the most recent innovations to quality manage-
ment. These systems are the mega-tools we discussed at the beginning of this chapter.
Each is an evolutionary step beyond the foundations laid by Deming, Juran, and the
early Japanese practitioners of quality.

QUALITY FUNCTION DEPLOYMENT

Quality function deployment (QFD) is a structured process for planning the
design of a new product or service or for redesigning an existing one. QFD first
emphasi zes thoroughly under standing what the customer wants or needs. Then
those customer wants are translated into characteristics of the product or ser-
vice. Finally, those characteristics are trandated into detail s about the processes
within the organization that will generate the product or service.

History and Applications

QFD was developed by Dr. Yoji Akao for Japanese tire and ship manufacturing in the
late 1960s and early 1970s. Previous quality methods had addressed only problems
that arose during production. With QFD, customer satisfaction dictates product and
process design, so that customers are happy with the first and every product rolling out
of production.

QFD was introduced to the United States in 1983 and has since spread around the
world. Originally applied to manufacturing, it has been used to design services as
diverse as police work, healthcare, law, kindergarten and college curricula, and a real-
istic, interactive dinosaur for a theme park.

Benefits and Problems

QFD shortens the design time and reduces the costs of achieving product or service
introduction. The planning stage may take longer than without QFD, but expensive cor-
rections and redesigns are eliminated. Eventually, fewer customer complaints, greater
customer satisfaction, increased market share, and higher profits are achieved.

QFD requires cross-functional teams. It establishes afocus on the customer through-
out the organization. And in its final steps, quality control measures are generated that
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ensure customer satisfaction after process start-up. As a result, QFD can be much more
than asimple tool or planning process. It can be akey element of an organization’s qual-
ity system.

Because of the emphasis on cross-functional teams and customer focus, introducing
QFD into an organization may clash with the existing culture. This is a double-edged
sword. Done thoughtfully, QFD can lead to the additional benefits of increased team-
work and customer focus. Done without considering the cultural conflicts, QFD can fail.

If you want to introduce QFD into your organization, learn more through reading
and training, and enlist experienced assistance. Like any large-scale endeavor using
new methods and requiring cultural change, the first efforts must be carefully planned,
and benefit greatly from the insights of someone who has “been there, done that.” QFD
can be a powerful system to take an organization beyond preventing problems to truly
pleasing the customer.

Tools and Methods

The house of quality is a key tool in QFD. The house of quality starts with customer
requirements, stated in the voice of the customer, and relates them to quality character-
istics of the product or service. From the house, decisions are made about which char-
acteristics to emphasize and specific numerical targets to aim for in their design. See
house of quality in Chapter 5 for more information about this tool.

Sometimes the house of quality is considered synonymous with QFD. But QFD is
much more than one diagram. In the full QFD process, after you determine targets for
critical characteristics, those characteristics must be translated into details about parts
or components (for manufacturing applications) or functions (for service applications).
In turn, those details must be translated into process designs and finally into specific
task descriptions and procedures. Diagrams structured like the house of quality are typ-
icaly used for those steps. Other tools, such as matrices, tables, and tree diagrams, are
used within the QFD process to analyze customers, reliability, safety, or cost and to
deploy the plans into action.

Satisfying Customers and the Kano Model

Customer satisfaction is the primary goa in QFD. A model of customer satisfaction
developed by Noriaki Kano is often considered when QFD is applied. The model says
that customer requirements fall into three groups: satisfiers, dissatisfiers, and delighters
or exciters. (Kano called the groups one-dimensional attributes, must-be attributes, and
attractive attributes.)

Satisfiers are requirements customers usualy state if asked about their require-
ments. As satisfiers are increased, customer satisfaction increases. An example might be
a computer’s memory capacity or speed.

Dissatisfiers are requirements customers don’t even think to mention, yet without
them they would be very upset. They’re expected or taken for granted. For example, a
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power cord for a computer is a dissatisfier, because that unstated requirement has the
potential to create great customer dissatisfaction if it is not met.

Delighters or exciters are extras customers haven’t even imagined, yet if they were
offered, the customer would be thrilled. They’ re the whiz-bang features that make a cus-
tomer say, “Wow!” An example might be a computer that doesn’'t need passwords
because it recognizes fingerprints or voice waves. Without the delighter, the customer
isn't dissatisfied. After all, the customer has never even dreamed of that feature! But
when it is provided, the customer’s satisfaction increases dramatically.

One unusual feature of delightersisthat today’s delighter becomes tomorrow’s sat-
isfier or dissatisfier. CD drives in computers were delighters when first introduced.
Now they’re expected to be present, and their features are satisfiers.

Kano’'s model is drawn as a two-dimensional chart (Figure 2.1). Moving from left
to right, more or better requirements are provided. Moving from bottom to top, satis-
faction increases.

The three lines represent the three types of requirements. Satisfiers follow the
straight line through the intersection of the two axes. Satisfaction increases linearly as
more or better satisfiers are provided.

Dissatisfiers follow the curved line at the bottom of the graph. When dissatisfiers
are missing, satisfaction plummets. (Remember, dissatisfiers are features customers
expect.) As dissatisfiers are added, satisfaction stabilizes.

Delighters follow the curved line at the top of the graph. Satisfaction isn’t affected
when they’re missing, but when they are added, satisfaction skyrockets.

Satisfiers

Delighters

Requirements

A

/——>

Dissatisfiers

Satisfaction

Figure 2.1 Kano model.
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How does the Kano model affect QFD?When you are gathering customer require-
ments, find creative ways to gather delighters and dissatisfiers, which customers will
not normally mention. Also, the numerical methods applied in the house of quality
should be modified if the requirements are delighters or dissatisfiers, which do not fol-
low linear relationships with satisfaction. Various methods developed to do this can be
found in recent books and papers on QFD.

ISO 9000

ISO 9000 is a set of international standards for quality. Organizations are
audited and certified against the requirements of the standard. The standard
includes elements that are considered important in a quality management sys-
tem, from senior management responsibility to documentation to continuous
improvement. Customers of a certified organization can be assured that their
supplier has minimum acceptable practices in place.

History and Applications

Quality standards have their roots in the 12th century practice of hallmarking silver. To
protect customers, an item was tested at an assay office, and if it met minimum standards
of silver content, it was stamped with a hallmark.

Starting in 1959, the US and UK defense departments issued standards for quality
control to ensure that materials, parts, and equipment provided by suppliers were of
suitable quality. No one wanted bombs that wouldn't explode—or exploded prema-
turely! Government inspectors visited suppliers to ensure compliance to the standards.
Other standards proliferated through the 1960s. by NASA’s space program, NATO,
Canadian and British electrical utilities, the UK’s Ministry of Defence. All these stan-
dards were based on a philosophy of inspecting the product for quality after production
and required auditing by the customer’s inspectors. In Britain alone, 17,000 inspectors
were employed by the government.

During the 1970s, the approach changed from customers' inspection of their sup-
pliers to independent, third-party inspectors performing this function. The term “qual-
ity assurance” also became prevaent, rather than “quality control.” In 1979, the British
standards office issued BS 5750, covering quality assurance in nonmilitary applications.
Other countries followed suit. Finally, in 1987, the International Organization for
Standardization (known as 1SO, from the Greek word meaning “equal”), an alliance of
the standards bodies of 91 countries worldwide, issued the |SO 9000 series of standards
to facilitate international trade. It was essentialy identical to BS 5750.

Use of 1SO 9000 spread rapidly, as customers required it of their suppliersin order
to be assured of a minimum level of quality practice. In 1994, 1SO issued minor revi-
sions to the standard. However, concern was widespread about whether the standards
promoted quality approaches that reflected post—World War 11 knowledge about man-
aging quality. In 2000, 1SO issued amajor revision of the standard, reducing the number
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of documents in the series and placing more emphasis on concepts such as work
processes and customer satisfaction. Transition to the new standard was required by
December 2003.

For suppliers to the automotive industry, | SO/TS 16949:2002 follows the format of
SO 9001:2000 but adds additional requirements. This standard will supplant QS-9000,
astandard published by Ford, General Motors, and DaimlerChrydler. | SO 14001, a stan-
dard for environmental management systems, is aligned with 1SO 9001:2000 for easy
integration of environmental and quality management systems.

What ISO 9000 Requires

The 1SO 9000 series consists of three documents: Fundamentals and vocabulary
(1SO 9000), Requirements (1SO 9001), and Guidelines for performance improve-
ments (1SO 9004). (The numerical jump between 9001 and 9004 is because the origi-
nal series had two other documents that were eliminated.) There are other supplemental
documents in the SO 9000 family.

The major sections of 1SO 9001:2000 are:

* Quality management system and documentation requirements
» Management responsibility
* Resource management

 Product realization, including customer-related processes, design and
development, purchasing, and production and service provision

» Measurement, analysis and improvement

Organizations wishing to be certified against 1ISO 9000 must study the standard,
assess where they are in compliance and where practices are lacking, then make changes
to their quality management system. Training, standardization of procedures, documen-
tation, and internal auditing are usually required. Then accredited auditors are hired to
audit the organization, and if the organization passes, it is certified. Periodic surveil-
lance and recertification audits are required to maintain certification.

Problems and Potential

Thefirst (1987 and 1994) version of 1SO 9000 was criticized for its emphasis on inspec-
tion, control of nonconforming product, and documentation. It reflected a traditional
quality control approach of “inspect-in quality.” It could work with modern total qual-
ity management concepts, especially if used within the final standardization step of an
improvement process, but it had to be creatively applied by people who had learned
elsewhere the principles of TQM. By itself, it led to an outmoded management system.

I SO 9001:2000 was intended to incorporate current quality management principles,
aswell asto be more user-friendly. Its changes included greater emphasis on processes,
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customer satisfaction, the role of top management, data analysis, and continual
improvement. Eight quality management principles are included, although their use is
not required for certification: customer focus, leadership, involvement of people,
process approach, system approach to management, continual improvement, factua
approach to decision making, and mutually beneficial supplier relationships.

One magjor criticism of any standard-based approach is that it guarantees only min-
imum levels of system development and performance. This is understandable, since
standards were born out of aneed to guarantee aminimum level of quality to customers.
Proponents argue that the recent changes will lead an organization through cycles of
improvement that will take it beyond minimum requirements.

Past experience has shown that when applied well, SO 9000 standards can benefit
the organization by ensuring consistency and sustainability of its quality management
system. As of this writing, the changes to 1SO 9000 are too new to assess whether the
standard a one can form the foundation of an effective quality management system.

MALCOLM BALDRIGE NATIONAL QUALITY AWARD

The Malcolm Baldrige National Quality Award (MBNQA) is an annual
national award given to high-performing organizations (or divisions). It was
created to help US businesses focus on the systems and processes that would
lead to excellent performance and improve their global competitiveness. The
MBNQA criteria provide a guide for developing management systems that
can achieve high levels of quality, productivity, customer satisfaction, and
mar ket success.

History and Applications

In 1950, the Union of Japanese Scientists and Engineers instituted the annual Deming
Prize to reward companies showing excellence in product quality. The prize and its
criteria, based on Dr. Deming's teachings, are believed to be a significant motivating
factor in the “ Japanese miracle”—the transformation of the Japanese economy follow-
ing World War 1.

In 1987, when such a transformation was desired for American businesses, a
similar award was established by an act of Congress, named after a recently-
deceased Secretary of Commerce who believed strongly in the importance of quality
management to America’s prosperity and strength. The National Institute of Standards
and Technology (NIST) administers the award jointly with the American Society
for Quality.

Originally, awards could be given in three categories. manufacturing, service, and
small business. Since 1999, awards aso can be given in the categories of education and
healthcare. Not all categories are awarded every year, and some years there are multi-
ple winnersin a category.
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Dozens of other quality awards—local, state, and in other countries—have been
modeled on the MBNQA. Even Japan has created a new award—the Japan Quality
Award—that is similar to the Baldrige.

Criteria, Process, and Benefits

The award criteria were not permanently fixed. Instead, they are continually reviewed
and modified based on proven practices of the best-performing companiesin the world.
Factors considered are how widespread and broadly applicable a practice is and evi-
dence of linksto performance results. Therefore, the MBNQA criteriaare an up-to-date
guide to the latest consensus on management systems and practices that lead to perfor-
mance excellence.

The criteria are built around seven major categories, based on key organizational
processes. (See Figure 2.2.) Leaders drive the organization through |eadership, strategic
planning, and customer and market focus. The work of the organization is accomplished
through human resource focus and process management. All these processes are sup-
ported by measurement, analysis, and knowledge management. Finally, business results
show the outcomes of the other processes and provide feedback. The results category
includes not only financial results, but also results in areas of customer focus, product
and service, human resources, organizational effectiveness, and governance and social
responsibility.

The criteria do not require any particular organizational structure, systems,
improvement methods or tools. Instead they state necessary elements of a successful
quality management system. The scoring guidelines indicate the relative importance of
the elements.

Many managers and organi zations around the world use the criteriato hel p them build
high-performing management systems, without any intention of applying for the award.
Although the number of applicantsin any year is usualy less than a hundred, millions of

2
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Resource 7
1 Focus ]
Leadership ) <€ Business
6 Results
3 Process
Customer Management
and Market

Focus
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4
ﬁ/leasurement, Analysis, & Knowledge Managemeni

Figure 2.2 Baldrige Award categories.
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copies of the criteria have been distributed. In addition, the criteria are not copyrighted,
can be copied freely and are available at the NIST Web site. (See Resources.)

An organization applies for the award by submitting a 50-page written application.
Each applicationisreviewed by at |east eight members of the board of examiners, which
iscomposed of several hundred volunteer quality experts. High-scoring applicantsreceive
site visits from ateam of reviewers. All applicants receive detailed written feedback on
their strengths and improvement opportunities.

Many organizations have found that the self-scrutiny required in applying for the
award and the feedback from reviewers have been valuable guides to further improve-
ment. Other organizations use the criteria, write an application, but then do their own
review and feedback. The MBNQA criteria have become a diagnostic tool to assess an
organization’s status compared to best-in-class and to identify areas for further work.

Not only do the criteria identify critical elements for creating a high-performing
organization, but also winners of the award must share detailed information on how they
were able to change their cultures and achieve success. One example of the results of
this sharing is the Six Sigma process, developed by Motorola, recipient of the MBNQA
in 1988, and now used widely around the world.

BENCHMARKING

Benchmarking is a structured process for comparing your organization’s work
practices to the best similar practices you can identify in other organizations
and then incor porating these best ideas into your own processes.

In surveying, a benchmark is a permanent mark with known position and atitude. It is
used as a reference point when other positions around it are measured. In business, to
“benchmark” has for many years meant comparing your own products, services, or
financia results to those of your competitors. In quality improvement, benchmarking
has attained a new, very specific meaning.

Robert C. Camp, author of the book that introduced benchmarking to the world,
defined it in his book’stitle: Benchmarking: The Search for Industry Best Practices that
Lead to Superior Performance. Jack Grayson, founder of American Productivity and
Quality Center (APQC), has said, “Benchmarking is the practice of being humble
enough to admit that someone else is better at something, and being wise enough to
learn how to match them and even surpass them at it.”

History

Xerox Corporation developed benchmarking in the early 1980s. The patent protection
on their copying process had expired, and suddenly they were faced with competitors
selling product below Xerox's costs. Xerox’s manufacturing organization studied the
processes of their Japanese subsidiary and their competitors, applied the best ideas to
their own processes, and turned the business around. Soon after, benchmarking became
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a companywide effort, one of three pillars of the effort to attain “leadership through
quality.” (The other two were employee involvement and their quality process.)

Camp was one of the Xerox benchmarking pioneers. In his book, he credits the first
use of benchmarking to the Japanese manufacturers who in the 1960s and 1970s chal-
lenged the supremacy of American manufacturing with Japanese quality improvements.
They visited American factories and officesin droves, asking questions and taking pic-
tures. A Japanese word, dantotsu, means “best of the best,” and that is what they were
seeking. Wherever and whenever they found a good idea, they adopted it. For example,
they saw bar coding in American grocery stores and began using it to control manufac-
turing processes.

Xerox, however, developed, formalized and promoted benchmarking. They used the
method in support and service operations as well as manufacturing. Camp’s book
spread the word. When the Baldrige guidelines came out in 1987, they required organi-
zations to seek “world-class’ operations for comparison, and in 1991 the guidelines
began using the word “benchmarks.” Organizations began banding together into con-
sortiums or clearinghouses to conduct benchmarking studies together, since a large
study can be very expensive. The APQC'’s International Benchmarking Clearinghouse
is the oldest such consortium, begun in 1992. Others have been established in Hong
Kong, by government agencies such as NASA and the Department of Energy for their
divisions and contractors, and by industry groups. Widespread use of the Internet and
other computer technology has made gathering and sharing information easier. Today
benchmarking remains an important “mega-tool” for any organization serious about
improving its competitiveness.

What's Different About Benchmarking

For years, companies have analyzed their competitors products or services, studying
what is different from their own. Sometimes they use the word benchmarking to refer
to this effort. Managers talk about “benchmarking performance,” meaning comparing
operating measurements or results within their industry. However, in the kind of bench-
marking we're talking about, it's more important to know how something was done.
That's why the definition of benchmarking refers to processes or practices—things
people do. Any practice can be benchmarked, from customer satisfaction measurement
to warehouse handling.

Benchmarking also looks for enablers, elements of the organization’s culture, envi-
ronment, structure, skills, and experience that help make the practice possible. A
computer-based practice may work well in an organization with a “computer culture”
but be hard to adapt to an organization lacking computer training and support groups.

The definition also says “best.” Benchmarking is not interested in keeping up with
the Joneses, or even inching ahead. Benchmarking is about leap-frogging to clear supe-
riority. This is the difference between benchmarking and most other quality improve-
ment techniques, which focus on incremental improvement. The words “ step-change,”
“quantum leap,” and “breakthrough” are often used with benchmarking.
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Another difference with thiskind of benchmarking is where you look for best prac-
tices. In the past, companies have had a tunnel-like focus on their competitors: trying to
catch up, stay even, or get ahead. With benchmarking, you look anywhere for the best
practices you can find.

Since the focus is on practices, it doesn’t matter whether the organization uses that
practice for the same purpose you do. You might look in organizations in your own
industry but competing in different markets, or you might look in very different com-
panies. For example, drug and candy manufacturers both use handling and packaging
processes involving small objects and high standards of cleanliness. If a hospital wants
to benchmark the process for delivering charts, lab samples, and medicines, they might
study pizza or package delivery. The most innovative ideas come from cross-industry
benchmarking—Iike grocery-store bar codes moving to factories and hospitals.

Besides looking outside, benchmarkers do internal benchmarking. Especialy in large
organizations, the same practice is often done differently in different locations. By stan-
dardizing across the organization the best internal practice, immediate gains are achieved.

Finally, benchmarking involves an unusual amount of cooperation between organi-
zations. Instead of secret reverse-engineering of your competitor’s product or secret-
shopping in your competitor’s store, benchmarking is characterized by openness and
sharing. Partners exchange information and data about their practices and results.
Certain topics such as pricing strategies legally must not be revealed, but a wide range
of other types of information can be shared, even with competitors.

The Benchmarking Process and Tools

Xerox developed a ten-step process. Other organizations modified the process to fit
their cultures, so you may see as few as four or as many as nine steps. Fortunately, al
the processes have the same essential components. They are just grouped and described
in different ways. For example, some processes put “identify partner organizations’ in
the planning phase and other processes put it in the data collection phase.

See benchmarking in Chapter 5 for a simplified description of the process. When
you are ready to begin benchmarking, you will need many more details than can be pro-
vided in this book.

Often, the benchmarking process is drawn as a circle. After changes have been put
in place and superior performance achieved, you recycle and do it again. Not only must
you select other processes to benchmark, you must periodically revisit ones you have
aready studied. The world does not stand till; “best” is a moving target. You must
recalibrate your benchmarks periodically in order to maintain superior performance.

The benchmarking process is a complete improvement model in itself. However,
benchmarking often is listed as a tool to be used within an improvement or reengineer-
ing process to identify stretch goals or unique solutions. See benchmarking in Chapter 5
for more information.

Since benchmarking is a complete improvement methodol ogy, many of the toolsin
this book can be used during the process. The most important ones are: prioritization
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tools for selecting a topic and partners, flowcharts for understanding your process and
your partners’, surveys and questionnaires, and data analysis tools.

Benefits . ..

The biggest benefit of benchmarking is that it can create huge leaps in performance.
Instead of tweaking the process and creating gradual improvement, you can jump to
another level. The Z chart (Figure 2.3) shows the difference between incremental qual-
ity improvement and benchmarking breakthroughs. (The chart also shows that often the
best-practice organization is better at incremental improvement, too.)

Benchmarking establishes goals that are ambitious yet realistic—after all, someone
else is aready doing it. Complacency can be shaken up by seeing what others are
achieving. Benchmarking encourages creativity and innovation and promotes an atti-
tude of learning.

Benchmarking also keeps you from reinventing wheels, which wastes energy and
resources. Because you are not starting from scratch, changes can be developed and
implemented more quickly. Getting better gets faster.

.. . and Problems

Benchmarking doesn’t always bring such shining results. Some organizations have tried
and discarded it asthe latest fad that doesn’t work. Usually, those organi zations made a
mistake in how they approached it. Some of these mistakes are common to all quality
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management systems: inadequate management support, inappropriate scope, inade-
guate resources, and giving up after only one attempt. After al, the first timeis aways
the hardest. Other mistakes unique to benchmarking are the “not invented here” syn-
drome, skipping the planning or adapting phases, and benchmarking before one's own
processes are clearly understood and under control. See benchmarking in Chapter 5 for
more details.

Benchmarking is an ongoing process. After the first study, an organization should
identify the next critical success factor and benchmark that . . . then the next . . . then
thenext. ...

SIX SIGMA

Sx Sgma” is an organization-wide approach used to achieve breakthrough
improvements tied to significant bottom-line results. Unlike previous TQM
approaches, Sx Sgma specifies exactly how the organization’s managers
should set up and lead the effort. Key features are the use of data and statistical
analysis, highly trained project leaders known as Black Belts and Green Belts,
project selection based on estimated bottom+-line results, and the dramatic goal
of reducing errors to about three per million opportunities.

History and Applications

Traditional statistical process control (SPC) standards called for improving defect levels
measured in percentages (parts per hundred). In the 1980s, Motorola realized that this
was nowhere near adequate to meet their competition. They needed to measure defects
in parts per million. The company also realized that its quality problems were caused
by the way it managed the organization.

Motorola developed and implemented Sx Sigma Quiality, a unique approach to dra-
matically improving quality. In 1988, Motorola became one of the first winners of the
new Malcolm Baldrige National Quality Award. Because winners are required to share
their methods, Six Sigma Quality became public knowledge. Other companies began
using and improving on it, especially GE and AlliedSignal. In the 1990s and 2000s, it
spread to thousands of other organizations.

Six Sigma programs have reported huge savings when applied to complex, even
organizationwide problems that need breakthrough solutions. It is best focused on
reducing variation in any major process from the production floor to headquarters
offices. Customer requirements, defect prevention, and waste and cycle time reduction
are the kinds of issues that Six Sigma addresses. Small or local problems do not need
the major investment of a Six Sigma project and are better handled by local or depart-
mental teams.

* Six Sigmais aregistered trademark and service mark of Motorola, Inc.
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What Does Six Sigma Mean?

Sigma—written with the Greek letter o—is a measure of a process's variation or
spread. The process is improved by making that spread smaller, producing output that
is more consistent and has fewer defects or errors. Under traditional quality standards,
the spread is reduced until the specification limit is 3o away from the process mean.
(See Figure 2.4.) With this standard, 0.135 percent of output still would be outside the
specifications. This unacceptable output generates cost of poor quality: lost time,
money, and customers.

With Six Sigma Quality, process variation is squeezed even more, reducing o until
the specification limit is 60 away from the mean. (See Figure 2.5.) Notice that the spec-
ification limit has not moved but the measuring stick—o—is smaller. An assumption is
made that over time the mean might shift as much as 1.50: With these conditions, unac-
ceptable output would be only 3.4 per million, or 0.00034 percent. This is six sigma
performance.

Common measures of performance in Six Sigma programs are sigma levels and
defects per million opportunities. The assumptions and mathematics involved in calcu-
lating these metrics have been questioned by statisticians.® However, the goal of achiev-
ing process capability of 2.0, which corresponds to six sigma, is highly appropriate for
today’s demanding world. Organizations undertaking Six Sigma strive for these near-
perfect error rates in their processes.
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Methods and Tools

Six Sigma prescribes an improvement process known as DMAIC: define, measure, ana-
lyze, improve, control.

 Define the improvement project’s goals, deriving them from customer
needs or wants.

* Measure the current process and establish metrics to monitor progress
toward goals.

 Analyze the current process to understand problems and their causes.
 Improve the process by identifying and piloting solutions to the problems.
e Control the improved process with standardization and ongoing monitoring.

For developing a new product or process or for processes that need total overhaul,
there is a modified version called Design for Six Sigma (DFSS). A process often used
in DFSSis called DMADV: define, measure, analyze, design, verify.

After each phase of DMAIC or DMADV, atollgate review is held. Standardized
checklists and questions ensure that al the necessary work of that phase has been done.

Most of the tools of Six Sigma are familiar from TQM, SPC, and other improve-
ment methodologies. All the seven basic QC tools are used. Sampling, measurement
system analysis, hypothesis testing, correlation, and regression analysis are important
because of an emphasis on using data to make decisions. Some tools have been modi-
fied from more general tools and are applied in specific ways within Six Sigma, such
as project charter, SIPOC diagram, CTQ trees, and cause-and-effect matrix.

Other mega-tools often are used. During the define phase, gathering and hearing the
voice of the customer (VOC) is an important concept from QFD. Sometimes called a
tool, VOC isreally an umbrella that includes specific tools such as surveys, e-surveys,
focus groups, interviews, customer complaints, and so on. During the analyze phase, the
power of design of experiments is often applied. Benchmarking, SPC, and even 1SO
9000 have been used within the Six Sigma methodology.

What makes Six Sigma different is not the tools but the focused way in which they
are applied. Six Sigma demands intelligent use of data, emphasizing statistical analysis
and designed experiments. It also takes advantage of the widespread use of personal
computers and statistical software, making once-onerous calculations quick and simple.

Six Sigma in the Organization

The methodology of Six Sigma goes beyond the improvement process and tools.
Improvement isdriven by projects carefully selected by the organization’sleadersto ensure
impact on key stakeholders (customers, shareholders, and/or employees), integration with
the organization’s goa's, and bottom-line results. Senior managers are champions or spon-
sors of improvement projects. Perhaps most noticeablein Six Sigmacompaniesisthe cadre
of highly trained project leaders known as Green Belts and Black Belts.
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Green Belts spend 5 to 10 percent of their time managing a Six Sigma project,
working with a cross-functional team. Black Belts work full time with multiple Six
Sigma projects, leading teams and advising Green Belts. Generally, after several years
working in Six Sigma, Black Belts move to different jobs and other employees are
trained to fill their roles. Eventually the organization is leavened with employees well-
versed in the philosophy and methods of Six Sigma.

One of the most common reasons for failure of quality improvement efforts has
been lack of guidelines for establishing and leading the effort and, as a result, uneven
support from top management. Six Sigma uses the most powerful methods and tools of
previous quality improvement efforts and adds to them a blueprint for how the organi-
zation's leaders should lead the effort. In that sense, Six Sigma may be viewed as amat-
uration of the learning and work about quality improvement that took place from the
1920s through the 1980s.

LEAN MANUFACTURING

Also called lean production, lean enterprise, or simply lean

Lean manufacturing refers to a system of methods that emphasize identifying
and eliminating all non-value-adding activities—waste—from a manufacturing
or manufacturing support organization. Processes become faster and less
expensive. Lean manufacturing is characterized by fast cycle times, just-in-time
methods, pull systems, little or no inventory, continuous flow or small lot sizes,
production leveling, and reliable quality. Lean organizations are efficient, flex-
ible, and highly responsive to customer needs.

History and Applications

Although the principles, concepts, and tools of lean manufacturing are often credited to
Taiichi Ohno, an engineer at Toyota, Ohno himself said he learned many of his ideas
from Henry Ford and Ford Motor Company. Aswith Shewhart’s statistical process con-
trol, American industry forgot the concepts it had developed and relearned them from
the Japanese in the 1980s. The term lean was coined in 1990 by an MIT research team.

The concepts of constraint management (theory of constraints or TOC) and syn-
chronous flow manufacturing (SFM) were developed by Dr. Eliyahu Goldratt and pop-
ularized through the 1992 book The Goal. These concepts are complementary to lean
manufacturing.

The concepts of lean require changes in support functions such as product and
process design, purchasing, shipping, and, indeed, throughout the entire supply chain. An
organization implementing lean concepts in all these waysis called alean enterprise.

By addressing waste reduction, lean manufacturing efforts solve problems of cycle
time reduction, standardization, flexibility, and quick response to customer needs.
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While the concepts of waste reduction could apply anywhere, for waste is certainly
present in service industries and office functions as well as in manufacturing, many of
the techniques of lean are specific to manufacturing and have to be translated to apply
outside manufacturing environments.

Although lean manufacturing has the potential to revitalize manufacturing, its
principles, while widely known, are not yet widely applied. Like every other system of
organizational improvement, implementation requires difficult organizational and cul-
tural change.

Identifying Waste

Waste is much more than scrap and defects. Ohno defined seven forms of waste: defec-
tive product (costs of poor quality, including final inspections, scrap, and rework),
inventory (both finished product and work-in-process), overproduction, non-value-
added processing, transportation of goods (both within and outside the factory), motion
(of people, toals, or product), and waiting.

Even value-added activities often have components of waste. How many turns of
the wrench are required before the nut is seated? Is the product rotated to be able to
reach the bolt? How many timesis the tool picked up and put down?

Masaaki Imai saysthat value is added at brief moments—" Bang!”—and everything
elsein the process step is waste. Think about the process of firing a gun 300 years ago,
when powder, wad, and ball were separately dropped into the gun barrel and rammed
with arod before the gun could finally befired. Firing the gun was the value-added step;
everything else was waste. Although that process was taken for granted then, today we
recognize how wasteful it was of time, maotion, materials, and even human lives. Once
non-value-added components of any process are recognized, we can begin to think of
ways to eliminate them.

Constraint management and synchronous flow manufacturing are approaches that
come from Goldratt’s Theory of Constraints but fit beautifully with lean concepts. A
constraint is the slowest process step: the bottleneck. Under constraint management,
improvement efforts are focused at the constraint, because increasing throughput any-
where else will not increase overal throughput. Time lost at other process steps can be
made up, but time lost at the constraint islost forever. Synchronous flow manufacturing
modifies just-in-time and pull system approaches so that the constraint sets the pace for
the rest of the process. Under the Theory of Constraints, even traditional cost accounting
methods used to plan production are turned upside down, so that the true costs of waste-
ful processes become clear.

Methods and Tools

Because lean manufacturing starts with identifying waste, tools such as value-added
analysis and value stream mapping are used along with the seven QC tools and an
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improvement process such as kaizen. Mistake-proofing iswidely used in lean. Because
of the emphasis on adding value, linkage of customer needs to process activities is
often accomplished through QFD. Lean concepts find their way into product and
process design, which is called design for manufacturing (DFM) or design for assem-
bly (DFA).

An important tool unique to lean is 5S, named after five Japanese words that
roughly translate to sort (seiri), set (seiton), shine (seiso), standardize (seiketsu), and
sustain (shitsuke). Sometimes the 5Ss are translated into CANDO: clearing up, arrang-
ing, neatness, discipline, and ongoing improvement. One basic idea behind 5S is that
waste hides in clutter and dirt. An oil leak is noticeable on an uncluttered, clean, white
floor. The other basic idea of 5S is that rooting out waste requires continual, focused
attention and commitment.

Many of the tools of lean are techniques or systems that solve common waste prob-
lems in manufacturing. Pyzdek? has described lean as offering “a proven, pre-packaged
set of solutions” to waste. These include:

 Autonomation, or machines that sense conditions and adjust automatically

 Factory layout variations, such as cellular manufacturing (machines
organized around the part), and flexible processes (maneuverable tools
that can be quickly reconfigured)

» Just-in-time, in which materials are received and operations performed
just before they are needed by downstream processes

 Level loading, which aimsto create a consistent, market-sensitive
production schedule

* Preventive maintenance, which reduces unplanned downtime through
well-functioning equipment

 Pull systems, in which the pace of downstream activities “pulls’ work into
the beginning of the process

» Quick changeover methods or setup reduction, such as single-minute
exchange of die (SMED), which eliminate long machine downtimes
between tasks

» Single-unit processing, or at least small lot processing, to eliminate the
waste of batch-and-queue operation

 Standardization, to keep waste from creeping back into the process

 Visua controls, such as warning lights or lines on the floor to mark
reorder levels
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COMBINING MEGA-TOOLS

Lean manufacturing focuses on speed and efficiency: eliminating waste.
Six Sigma focuses on quality: eliminating defects through reduced variation.

MBNQA focuses on leadership: implementing management systems for
performance excellence.

Benchmarking focuses on best practices: seeking great ideas for breakthrough
improvements.

SO 9000 focuses on consistency: eliminating unpleasant surprises through
standardization and discipline.

Quality function deployment focuses on customers: creating products and
services they want.

These approaches are compatible with one another. Many organizations are suc-
cessfully combining mega-tools. For example, a foundation of SO 9000 will bring
order to an undisciplined organization and create a base on which to build improve-
ments through Six Sigmaand lean. Six Sigma pluslean equals asystem that can address
complex problems of process variation as well as the very different problems of cycle
time. MBNQA criteria can guide senior management to establish the organizational
systems and culture that will support improvement. QFD and benchmarking often are
explicitly listed as tools needed for Six Sigma, lean, or MBNQA.

Other mega-tools from outside the quality arena can be integrated with your qual-
ity management system. For example, TRIZ (pronounced “trees’) is a system for ana-
lyzing difficult problems and developing innovative ideas. It was developed quite
separately from the Japanese and American evolution of quality improvement, begin-
ning in communist USSR during the 1950s. (TRIZ is the acronym for a Russian phrase
meaning “theory of inventive problem solving.”) TRIZ’s originator, Genrich
Altshuller, had the idea that great innovations contain basic principles which can be
extracted and used to create new innovations faster and more predictably. TRIZ’s prin-
ciples, methodol ogy, tools, and knowledge base emerged from the study of several mil-
lion historical innovations. First used for commercia applications in the 1980s, it was
introduced to the rest of the world in 1991 and has been applied not only to technology
but also to business, socia systems, arts, and other nontechnical areas. Quality practi-
tioners saw how valuableit isfor generating innovative ideas and have combined it with
QFD, Six Sigma, and other quality mega-tools. TRIZ is too complex to be covered in
this book, but it is a valuable addition to the toolbox of anyone who is looking for inno-
vative product or process improvements or who must solve problems containing inher-
ent contradictions.
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Each of these mega-tools should be chosen based on the needs of the organization.
Don't pick up a hammer, then look around for things you can pound. Decide what you
want to build and what starting materials you have, then choose the tools that will
accomplish your goals.

ENDNOTES

1. See, for example, Donald J. Wheeler, “The Six-Sigma Zone,” SPC Ink (Knoxville, TN:
SPC Press, 2002). ww.spcpress.com/ink_pdfs/The%20F nal %6206%20Si gma%20Zone.pdf
(accessed March 5, 2004).

2. Thomas Pyzdek, The Sx Sgma Handbook (New York: McGraw-Hill, 2003).
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The Quality
Improvement Process

quality management system. It is aguide, a framework, aroad map. In our car-

pentry analogy, it's the step-by-step process of building cabinets: first, obtain a
plan; second, assemble materials; next, construct the base, and so on to the fina steps,
attach hardware and install in location. Regardless of what the cabinets will look like or
what function they will serve, the basic method for doing the work will be the same.
Similarly, in quality programs, an improvement process provides a consistent method
for doing the work of improvement.

Q n improvement process or model is one of the fundamental elements in any

THE BENEFITS OF AN IMPROVEMENT PROCESS

A quality improvement process presents a series of steps to think about and work
through. These steps help you ask questions, gather information, and take actions effec-
tively and efficiently. Thus, a quality improvement process provides a framework that
guides you from the initial improvement challenge to successful completion of the effort.

A quality improvement process's biggest benefit is to prevent you from skipping
important steps along the way. For example, groups might not think about their cus-
tomers, or they jump to a solution without first understanding root causes. Following a
quality improvement process will keep you from making these mistakes.

A quality improvement process also helps a group work together and communicate
their progress to others. Everyone knows what you are trying to accomplish at any point
and where you are headed next.

A quality improvement process can be used in any time frame. While it often takes
months to work a difficult problem through the entire process, it's also useful when

35
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improvement ideas must be generated quickly. In an hour or two, the process can guide
your thinking through various aspects of a situation to a well-founded plan.

Also, a quality improvement process can be used by anyone. While improvement
teams most often employ the process, it can be used by any group or individual, from
plant site to executive offices.

A GENERIC QUALITY IMPROVEMENT PROCESS

Different organizations use different improvement processes or models. The most basic
is the plan—do—study—act cycle. Six Sigma uses DMAIC—design, measure, analyze,
implement, control. This book uses a detailed, generic ten-step process. In this chapter
and throughout the book, this model will demonstrate how the process of improvement
proceeds and how tools are used within the process.

Figure 3.1 shows the ten-step quality improvement process. It uses ordinary, com-
mon-sense language. Each step isalso rewritten in terminology commonly used in qual-
ity programs. Both are included so one or both phrases will communicate clearly to you.

A third way of understanding the quality improvement process is shown in Figure
3.2. This flowchart shows that the sequence of working through the process might not

Common Terminology

Quality Terminology

1. What do | or we want to accomplish?

2. Who cares and what do they care
about?

3. What are we doing now and how well
are we doing it?

4, What can we do better?

5. What prevents us from doing better?
(What are the underlying problems?)

6. What changes could we make to do

Identify charter and make initial plans.

Identify customers and requirements.

Assess current state.

Define preferred state, gaps between
current and preferred state, and
improvement opportunities.

Identify barriers and root causes.

Develop improvement solutions and

better? plans.

7. Do it. Implement plans.

8. How did we do? If it didn’t work, Monitor results; recycle if necessary.
try again.

9. If it worked, how can we do it every
time?

10. What did we learn? Let’s celebrate!

Standardize.

Conclude project, identify lessons
learned, and recognize accomplishment.

Figure 3.1 Ten-step quality improvement process.
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What do we
»| want to accomplish?
(Charter and plans)

Wrong
cause

Who cares and what do they care
about? (Customers and requirements)

Y

What are we doing now and how
well are we doing it?
(Current state)

Measure

Y

What can we do better?
(Preferred state, gaps, and
opportunities)

Measure

Y

A

What keeps us from doing better?
(Root causes)

Yy

Measure

Y

Y

Poor
solution

What changes could we make
to do better?
(Solutions and plans)

A

Poor
execution

Y

Do it.
(Implement)

Measure

How
did we do?
(Monitor and
recycle)

Great!

Does
the process need more
changes?

Yes

How can we do it right every time?
(Standardize)

Measure

Y

What did we learn?
Let’s celebrate!

(Conclude, learn, and recognize)

Figure 3.2 Ten-step quality improvement process flowchart.
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proceed smoothly from first step to last. One might need to go back and adjust the char-
ter, or return to an earlier step when a change does not work, or recycle to work on a
second change after implementing a first. Also, because measurement is significant in
any quality improvement process, the flowchart shows which steps of the process have
measurement as a key element.

This process was described as “ detailed” because it has more steps than most, and
as“generic’ because all ten steps can be found within any other improvement model. 1t
was written with more stepsin order to separate the different perspectives and questions
necessary in an improvement project. Because the point of this book isto help you fig-
ure out when to use which tool, a detailed model allows better matching of tools with
their appropriate uses.

If your organization has an official improvement process, it will be written differ-
ently from this one and have a different number of steps. You should, however, be able
to find all the elements of the ten-step process in your process. For example, Six
Sigma's DMAIC might be roughly matched to the ten-step process like this:

e “Define” includes steps 1, 2, and some aspects of 3.
* “Measure” completes step 3.

* “Analyze” includes steps 4 and 5.

* “Improve’ combines steps 6, 7, and 8.

e “Control” concludes with steps 9 and 10.

The rest of this chapter discusses each step of this quality improvement processin
detail, offering tips to make the quality improvement process itself a powerful tool for
improvement.

THE TEN-STEP QUALITY IMPROVEMENT PROCESS

1. What do we want to accomplish?

Identify charter and make initial plans.

Identifying Your Charter

» The charter statement should be provided by the steering committee when the
team is established.

* Itisessential to spend time and effort in group discussions and in communica:
tion with the steering committee to make sure that a good charter statement is
agreed upon and understood by everyone.

» Agreement among the team members and steering committee about the scope
of the project (how broad or narrow) isimportant.

» Could you explain the importance of your project to external customers?
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* If you started with a fuzzy charter that has since been clarified, consider whether
the team still has the right members to address the new, focused charter.

* ldea creation, high-level process analysis, and decision-making tools are
especially useful here.

Making Initial Plans

 Although you may not know much detail yet, lay out a general plan including
key steps. See Figure 5.62, page 259, a top-down flowchart, for an example of
aplan.

* Try setting milestones backward. Do you have a deadline for finishing?
When do you want to have a solution ready to put in place? When will you
have finished studying how things are now? How much time will you allow
for gathering customer input?

» Do you have review points (sometimes called tollgates) established with
management or a steering committee? Such reviews can establish timing for
your key milestones.

* Flling in bars and diamonds on a Gantt chart will reflect the team’s
accomplishments and sustain motivation.

» Asyou move through your quality improvement process, revise and update
your plan. You will be able to add more specifics later.

» The project planning and implementing tools are especially useful here.

2. Who cares and what do they care about?
Identify customers and their requirements.

» Products and customers can be identified for each output on the flowchart.
Supplies and suppliers can be identified for each flowchart input.

» Tak with each of your key customers and suppliers about what they need.

* Invite key customers and suppliersto sit on teams or involve them through
interviews.

» Concepts from Kano's model of customer satisfaction (page 18) are useful
in understanding how to ask customers about their requirements and how to
understand what they tell you.

» Never try to go past this step without getting direct input from red, live
customers.

» Several process analysis tools are designed especially for this step, as well
as data collection and analysis tools that collect and analyze voice-of-the-
customer data.
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3. What are we doing now and how well are we doing it?
Assess current state.

Defining the Process
» For most situations, you will begin this step by drawing a flowchart.

* Include cost-of-quality steps. inspection, rework, delays, what happens when
things go wrong.

» Start with asimple flowchart that shows the big picture, then draw one with
more detail. For example, you could start with a top-down flowchart and
add detail for critical steps. Convert a detailed flowchart into a deployment
flowchart to show who is involved when.

» Need more detail? Pick a key step in your process and draw a flowchart
showing that step’s substeps. Trying to handle both explicit detail and a large
scope on your flowchart at the same time could overwhelm your team.

» Asmuch as possible, involve people who do the process.

o Carefully identify inputs and outputs to capture interfaces and cross-functional
activities.

* In some situations, a flowchart isn't applicable. It is still important to under-
stand the current state before you proceed.

 Try considering the current state from your customer's point of view.

» Based on your new knowledge of the process, is the charter statement still
valid? Do you have all the right people on the team?

» Not surprisingly, process analysis tools are especialy useful here. Don't
overlook several idea creation tools that help you work with the “big picture”

Collecting and Analyzing Data

» To answer the question “How well are we doing?’ you usually must start taking
measurements in this step.

* How will you know when you have improved? That is one of the questions
you are trying to answer with measurement. Develop measurements that will
answer that question for you later.

 Study customer requirements and flowcharts to help determine appropriate
elements to measure.

» Consider both process and product measures. Process measures tell how things
are running, while they are running. Product measures tell you results, after the
process is finished. You need both kinds of indicators.
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» When planning data collection, think about how the data will be analyzed and
used. This affects what kind of data you will want to collect and how you will
collect it. Sometimes the format that will be used for analysis can also be used
for collection.

» A written data collection plan provides a guide throughout the rest of the
improvement process. It should include what will be measured; how often;
how the data will be obtained, including sampling instructions; how the data
will be recorded; control limits (if control charts are used); specification or
action limits; action guidelines; and who is responsible. See operational
definitions for more information on creating clear data collection plans.

» The measurement system should be studied here to ensure that measurements
are producing reliable results.

» Almost al of the data collection and analysis tools are useful here.

4. What can we do better?

Define preferred state, gaps between current and preferred state, and improvement
opportunities.

Defining the Preferred State

 Frst, expand your thinking and identify many possibilities. What would the
best look like? What are all the things you could do better?

» Thisisan expansion point; get as many ideas as the group can generate.

» Many teams have an almost irresistible urge to jump to solutions at this point.
Often, a problem statement is really a premature solution in disguise: “We don’t
have enough people” It is an important role of the facilitator to keep the team
focused on problems and causes until both are well understood.

» Draw an ideal flowchart and then determine the gap between what is really
happening and the ideal. The ideal should eliminate all rework, checking,
approvals, delays, fixing of errors—anything that finds or solves problems.

e Think boldly and creatively when envisioning the ideal state. Do not take
anything for granted; question al assumptions. The methods of lateral
thinking, developed by Edward de Bono, can be very powerful at this step.
(See Resources at the end of this book.)

* If there are no problem areas in your flowchart, include more detail.

e The other tools listed on the Tool Matrix for this step can be combined with the
flowchart of what is happening today to create the ideal flowchart. Or, those
tools alone may make it clear where opportunities for improvement lie.
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 For processes where time is important, use a cycle time flowchart to identify
how long each step should take and where slowdowns and waits now occur.

» Compare your measurements to customer needs.

* |dea creation tools and the expanding process analysis tools are especially
useful here.

Deter mining Gaps and | mprovement Opportunities

» After expanding your thinking to lots of improvement opportunities, focus on
the most significant.

» Whenever possible, use data to confirm problems.

» Often, using several data analysis tools gives more insight than just one.

It is aways preferable to prioritize with data, rather than with opinions.

Use list reduction or multivoting as filters to reduce along list of ideasto a
manageable number.

 Focus on the most significant ways to improve. What will really make a
difference to your customers? What will make a long-term difference to your
organization?

Exception to the previous statement: If your team is new, it may be a good idea
to go for a quick success with an easier objective in order to learn. Identify a
short-term, easily achievable opportunity. These are often called low-hanging
fruit. You can later go back and work on more difficult problems.

Set challenging targets for improvement. Challenging targets generate break-
throughs. They motivate people to stretch themselves and to find ways to
achieve dramatic improvements.

Most of the data collection and analysis tools can be used here, as well as the
focusing process analysis tools plus the evaluation and decision-making tools.

5. What prevents us from doing better? (What are the
underlying problems?)

Identify barriers and root causes.

I dentifying Possible Causes
e Again, first expand your thinking to many potential causes.

e Theroot cause is the fundamental, underlying reason for a problem. The root
cause is what causes a problem to happen repeatedly. If you do not identify
the root cause, you are just putting a bandage on the problem. It will probably
happen again. When you remove the root cause, you have fixed it permanently.
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Explore many ideas before zeroing in on one root cause to solve.

Thorough probing to root causes will lead you to broad, fundamental issues.
Often management policies will be involved—such as training or the design
of a system.

Solving a problem at a deep, fundamental level often will solve other related
issues. Remember “inch-wide, mile-deep”: choose narrow scopes, but dig
deeply into them for best results.

|dea generation tools as well as the expanding process analysis and cause
analysis tools are useful here.

Focusing on the Root Cause

When you have identified many potential causes, focus on the true root cause.
Use data to be sure you have the right cause.

When planning data collection, think about how the data will be analyzed and
used. This affects what kind of data you will want to collect and how.

Some root causes can be verified only by trying out a solution.
You can return later to work on causes not chosen to be tackled the first time.

The focusing cause analysis tools and many data collection and analysis tools
are useful here.

6. What changes could we make to do better?

Develop improvement solutions and plans.

Generating Potential Solutions

Once again, generate lots of possible solutions before settling on one.

All too often, groups start planning to carry out their first idea. Play with
additional ideas and you will probably be able to improve on your first one.

Get as many solutions as possible, redlistic or crazy.

This is another place where it is important to think boldly and creatively.
Lateral thinking methods can help you break out of conventional thinking to
original ideas. (See Resources.)

Consider combining two merely OK solutions into one hybrid great solution.

Ask your customers and suppliers to help develop solutions to problems that
affect them.

Use idea creation tools as well as expanding process analysis tools.
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Choosing the Best Solution

* When you have several workable solutions, evaluate them carefully to focus
on the best one.

» Ask two types of questions when evaluating potential solutions: How well will
this solution achieve the desired results? (How effective will it be?) How suc-
cessful are we likely to be in carrying out this solution? (How achievable isit?)

e Brainstorm evaluation criteria. What factors need to be considered under the
broad headings of “effective” and “achievable” ? These become headings of a
decision matrix.

» How could a solution be changed to eliminate problems that show up on the
decision matrix?

» After adecision matrix has been completed, summarize with an effective—
achievable chart.

 Discussion about consensus may be important here. What does consensus
mean? How can we be sure we have achieved it?

* If possible, involve in the decision process those who will participate in carrying
out the solution, including customers and suppliers. You will increase their buy-in.

» Before choosing a solution, the team may need to ask, “Do we have enough
information to choose a solution?’

» The evaluation and decision-making tools are especially useful here. Data
analysistools are also invaluable to determine optimum process settings.

Plan the Change
* When a solution is chosen, plan carefully how you will carry it out.
» The more carefully developed your plan, the easier implementation will be.
» A good plan includes what, who, when.

» Be sure to include contingency planning. What can go wrong? Who or what
will stand in the way? Identify potential obstacles or barriers and decide how to
avoid or overcome them. Plan and put in writing how you will react in the
worst-case scenario.

» Have you considered the human elements that will affect your success? Who
will feel threatened? What new procedures will be hard to remember?

* Be sure to plan measurement, both to determine the results of the change and to
monitor how well your plan was implemented.

 Project planning and implementing tools are valuable here. Cause analysis tools
are useful for contingency planning.
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7. Do it!

Implement solution.

* |f possible, test the chosen solution on a small scale. Choose a subset of the
eventual full scope of your plan, such as one region, one unit, or one class.
Choose a typical subset, but avoid one with big or unusual obstacles. Be sure
customers are involved. Plan to continue your test long enough to observe
problems. If you are successful, in step 9 you can expand your solution to the
full scope.

* Asyou roll out your plan, be aert for unexpected observations and problems
with data collection.

» Does your solution appear to be creating other problems?
* Be patient.

* Project planning and implementing tools and data collection tools are most
useful here. Process analysis tools developed in previous steps are also helpful
for communicating the changed process.

8. How did we do? Try again if necessary.
Monitor results. Recycle if necessary.

 Did you accomplish your implementation plan? Did you accomplish your
objectives and original charter? The answers to these two questions will
indicate whether you need to recycle, and to where.

* If you didn’t accomplish what you had hoped, three reasons are possible.
Your plan may have been poorly executed. You may have developed a poor
solution. Or, you may have attacked the wrong cause. You will recycle to
step 7 for better execution, to step 6 for a better solution, or to step 5 to find
the right cause.

» When you review results, ask whether your targets have been achieved, not
just whether there was a change.

* If you plan to test solutions to other root causes or other problems in the same
process, it may be better to return to step 4 or 5 now. When all your tests are
done, you can go on to step 9 and expand all your changes to the entire process
at one time.

» Process analysis tools developed in previous steps continue to be used now.
Data collection and analysis tools are critical for monitoring improvement.
Some of the project planning and implementing tools such as the plan—results
chart and the continuum of team goals are important for determining whether
the overall project goals were met.
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9. If it worked, how can we do it every time?
Standardize.

¢ Inthis step, you introduce to everyone changes that you tested on atria basis.
Also, you make sure that whatever changes have been made become routine.
You prevent any slipping back into the same old problems. There are several
aspects to standardizing an improved process.

* Frst, “new and improved” won’'t do much good unlessit is used consistently
throughout the organization. Plan to expand your test solution to everywhere

it applies.

» Second, everyone involved in the new process must know what to do.
Formal and informal training is essential to spread a new process throughout
the organization.

» Document new procedures. This will make training and ongoing control easier.
Flowcharts and checklists are great ways to document procedures.

» Make sure documentation and checklists are easily available in the workplace.

 Third, humans don't like change. Advertise the benefits of the new process
so people will want the change. Use dramatic transitional aids to help people
understand and remember new ways of doing things. Make the change as easy
as possible for the people involved.

* Fourth, plan for problems. Ask, “What is most likely to go wrong?’

* Set up indicators that will flag a problem about to occur. Also try to set up
indicators that things are running well.

A control plan documents critical variables, how they are monitored, desired
conditions, signals that indicate problems, and appropriate response to those
signals.

» Consider al elements of the new process: people, methods, machines, materials,
and measurement. Have they all been standardized?

e Fnaly, itiscritica to identify who owns the improved process, including respon-
sibility for continued tracking of measurements. A process owner will hold the
gain the team has made and set new targets for continuous improvement.

* Your standardization plan aso should have a way to monitor customers
changing needs.

* ldea creation and expanding process analysis tools help you be creative in
extending improvements el sewhere. Focusing process analysis tools and project
planning and implementing tools are used to lock in improvements throughout
the organization. Measurements must be standardized with data collection and
analysis tools.
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10. What did we learn? Let’s celebrate!

Conclude project, identify lessons learned, and recognize accomplishment.

» Don't quit yet! Take some time to reflect, learn, and feel good about what you
have accomplished.

» Use your charter statement, implementation plans, and team minutes to remind
you of the process your team has followed.

* ldentify and record what you have learned about teamwork, improvements,
the improvement process you followed, gathering data, and your organization.
What went well? What would you do differently next time?

» Use your organization’s structure (steering committee, quality advisors, best-
practice database, newsdletters, conferences, and so on) to share your learning.

» Do you have ideas about how to improve your organization’s improvement
process? Use this project’s successes and missteps to improve how other
teams function.

* You have worked, struggled, learned, and improved together; that is important
to recognize. Plan an event to celebrate the completion of your project.

» Endings often cause painful feelings; this may affect your last few meetings.
Be aware of this and acknowledge it if it occurs. Planning your celebration can
help deal with this.

* If yoursis a permanent team, celebrate the end of each project before you go
on to a new one.

* If your team is scheduled to disband, ask yourselves, “Is there some other
aspect of this project, or some other project, that this team isideally suited to
tackle?” Your momentum as a successful team may carry you to even greater
improvements.

* ldea creation tools are used to extract learnings from your experiences. Project
planning and implementing tools are used to organize and document learnings
and to transfer them elsewhere in the organization.

» Congratulations!

TOOLS FOR TEAM EFFECTIVENESS

While individuals can improve their own work, it takes a group to improve a process.
And let's face it: it's hard to get a group of diverse people to mesh well enough to per-
form smoothly the many sequential tasks of the quality improvement process. A team
might have incredible knowledge and crestivity but still flounder because team members
don’'t work well together. To be successful, a quality improvement team must master not
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only the quality improvement process and quality tools but aso the challenges of group
effectiveness.

The broad topics of group dynamics and team management are beyond the scope of
this book. However, here are some basic facilitation tools, including team roles, that
help any group function more effectively and efficiently.

Facilitator

Quality improvement teams are most effective and efficient when they have a facilita-
tor. This role may be filled by the team leader or by another individual, from either
within the work group or aresource group. The more critical or highly visible the pro-
ject, the more important it is that the team be guided by someone specialy trained and
experienced in facilitation skills.

Regardless who acts as facilitator, his or her most important function isfocusing on
meeting and project process, not content. Content means ideas and suggestions, prob-
lems and solutions, data and analysis. Process means how work is done: keeping meet-
ings on track, enabling contributions from all team members, dealing with group
problems, following the quality improvement process, and using appropriate quality
tools correctly. The first three process topics are well covered in books on group
dynamics and team management. The latter two aspects of process directly relate to the
subject of this book. Of course, the team leader (if that is a separate role) and team mem-
bers also can and should help with these tasks. But until ateam has experience, members
rely on the facilitator to guide them through the quality improvement process, to sug-
gest tools, and to lead the group through the tools' procedures.

It'sworth repeating: having afacilitator who is focused on processis the most valu-
abletool for getting more out of meetings and making the project move forward rapidly.

Planning and Agenda

The project leader and facilitator (if these are two separate roles) should plan the meet-
ing together, with input from team members. These questions can help with the planning:

» What is the purpose of the meeting?

« At what step are we in our quality improvement process?*
» What results are desired from the meeting?*

 Who should be there—or need not be there?*

» What pre-meeting work should be completed? What information should be
brought to the meeting?

¢ What methods and tools will be used?
* What aternate methods and tools could be used if this plan doesn’'t work?
» Which of these tools is the group familiar with? Which will need to be taught?
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What materials are needed?
What is the best sequence of activities?

» How long should each topic take?
» What issues or problems might arise? How will they be handled?

Items marked with an asterisk should be included on an agenda sent to meeting atten-
dees in advance. This alows everyone to come to the meeting prepared to contribute.

Flipchart

Nothing has yet taken the place of the basic flipchart for capturing and displaying a
group’s ideas. Once ideas are captured on flipchart pages, the group can see them,
reflect on them, build on them, and make progress. Flipchart pages can be posted around
the meeting room as a constant display, unlike transparencies. Flipcharts also generate
a record that can be taken from the meeting room and transcribed, unlike most white-
boards. (Some whiteboards do print a copy, but it istoo small to display for the group.)
Following are some tips on using flipcharts:

» Use markers that don’'t bleed through the paper.

» Have avariety of different colored markers. Black, blue, purple, and green can
be seen best, but red is good for adding emphasis. Avoid yellow and orange—
they become invisible at a distance. Use different colors to add meaning.

* Whenever you use flipcharts, have tape with you—strong enough to hold the
pages but gentle enough not to peel paint. (Or substitute tacks if meeting room
walls have tack strips or pinboard.) As a page is completed, tear it off and post
it on awall where everyone can seeit. Don't just flip the page over (despite the
name of thistool) or the ideas will be unavailable to the group.

 See the brainstorming considerations (page 131) for other suggestions about
capturing ideas on flipcharts.

Whiteboard

* Whiteboards are useful for creating large diagrams, such as a fishbone or tree
diagram. The kind that can make copies are even more useful for such tasks.

» Whiteboards are also useful for tasks that don’t need to be preserved, such as
tallying paired comparisons.

» Use awhiteboard instead of a flipchart if it's big enough for al the anticipated
ideas and a permanent record isn’t necessary (are you sure?) or if you
absolutely have no choice—but then be prepared for someone to spend time
after the meeting transcribing the information.
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 Plan the size and layout of your writing carefully so that you won't run out of
room on the whiteboard before the group runs out of ideas.

Parking Lot

Titleaflipchart page with those words and post it on the wall before the meeting. When
an idea arises that is off-subject, write it on the parking lot without discussing it. As the
meeting proceeds, if a parking lot item becomes relevant, bring it into the discussion
and cross it off the parking lot. At the end of the meeting, review the items left in the
parking lot. Assign action items, if appropriate; retain items for future meetings (put
the idea in the meeting record); or drop the item if the group agrees.

Scribe

In fast-paced or large meetings, have someone other than the facilitator capture ideas
on the flipchart or whiteboard. This frees the facilitator to call upon contributors,
manage discussion, help summarize complicated ideas, monitor time, and otherwise
run the meeting.

 Rotate the scribe job. Otherwise the person acting as scribe never getsto
participate as fully as the others.

 In areally hectic meeting, such as afast and furious brainstorming session,
two simultaneous scribes may be necessary, writing alternate contributions.

* Scribing can help involve someone who seems remote from the discussion.

» The scribe can contribute ideas to the discussion too. However, if you are
scribing, you should never just write your idea. Instead, switch to a participant
role for amoment, get recognition from the facilitator, stop scribing, and state
your idea to the group. Then go back to scribing by writing your idea.

Other Roles

» A timekeeper keeps track of how much time has been spent on a topic and how
much time is left. The group agrees in advance how much time is appropriate;
having a timekeeper then frees the rest of the group (including the facilitator)
to focus on the subject, methods, or tools instead of thinking about time.

» Use atimekeeper to meet the group’s needs. A timekeeper may be necessary
only during one exercise. Or if time has been a problem for the group, the
timekeeper may be needed throughout the meeting.

» A note taker keeps track of major discussion points, decisions made, action
items, assignments, deadlines, and items set aside for future work. The note
taker later prepares the meeting record.
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» The note taker is not the scribe. The scribe writes ideas on the flipchart or
whiteboard for al to see. The note taker takes notes for the record.

* Roles are often combined. For example, the facilitator may act as timekeeper
and/or note taker. However, knowing they are separate functions can help your
team share responsibilities.

Action List

An ongoing list of action items keeps track of what the team agreed should be done,
who agreed to do it, when it should be completed, and status. This list should be
reviewed at the end of every meeting. Meeting records should include the updated
action list. See Medrad's corrective action tracker (page 63) for an example.

Meeting Record

After the meeting, the note taker combines his or her notes plus key information from
flipchart work into a meeting record sent to participants, managers, sponsors, and any
other stakeholders who need to stay informed of the project’s progress.

Meeting Evaluation

Evaluating the meeting and the team’s progress gets everyone thinking about process.
See meeting evaluation in Chapter 5 (page 345) for more information.

GUIDANCE QUESTIONS CHECKLIST

A team’s management, steering committee, or quality advisor often isnot sure how best
to provide guidance and support to the team. The following questions can be asked to
probe what the team is doing and help guide it through the process. Team members also
could ask themselves these questions.

Some of the questions are general and can be asked throughout the quality improve-
ment process. Others relate to particular steps of the process.

The following questions can be asked throughout the improvement process:

» Have you revisited your charter to seeif it is till appropriate?

What is the purpose of what you are doing?
e Show me your data.
e How do you know?

* Where are you in the quality improvement process? What step?

What will you do next?
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* What tools did you use? What tools do you plan to use?
» Areyou on schedule?
» What are your major milestones over the next couple of months?
« Do you have the resources you need?
* Do you have the knowledge and skills you need?
* What obstacles are you running into?
* What can | or we do to help remove obstacles?
e What people issues have you encountered?
e What have you learned?
The following questions are related to specific steps of the process:
1. Charter and plans
e Where does your charter lie on the continuum of team goals?
e What isyour goal?
e How isyour goal linked to organizational goals and abjectives?
» What is the scope of your project? Is it manageable?
* Do you have the right people on your team from all the functions involved?
e How will your team meet? How will you communicate outside meetings?
2. Customers and needs
* Who are your customers?
e How have you obtained information about your customers needs?
e What are your customers needs?

e Have you trandated your customers' needs into specific, measurable
regquirements?

e How are you involving your customers in your quality improvement
process?

3. Current state

e Do you have an “as-is’ flowchart of your process? How was it developed
and verified?

* What have you done to analyze your flowchart for problems?

» What are the key measures of current performance?
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Have you verified the reliability of the measurement system?
How will you measure improvement?

How will you know you are improving?

4. Preferred state, gaps, and improvement opportunities

What is your vision of the ideal process?

In a perfect world, how would this process be done?

» What are the gaps between customers' requirements and current performance?

Did you identify any quick fixes or low-hanging fruit?

e Has your project goal changed as aresult of studying the current process?

5. Root causes

Why?Why?Why? Why? Why?
What is the root cause of this problem?
What other causes were studied and eliminated?

How did you verify this cause?

6. Solutions and plans

What alternative solutions have you evaluated?

What methods did you use to encourage creative solutions?

What criteria did you use to choose the best solution?

What constraints prevented you from choosing different solutions?
How does this solution address the root cause(s)?

Did you do atest or pilot? What did you learn from it?

What is your implementation plan?

What are the possible problems? What are your contingency plans?
How will you communicate your plan?

How will you monitor your plan?

How will we know if the plan is successful ?

7. Implement

What problem are you trying to address with this action?

* Are things going according to plan? On schedule?
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How are the changes being received?

What are you doing to deal with problems you are encountering?

8. Monitor and recycle

What results did you get?
Does the process performance meet the customers' requirements?
What were the gaps between actual results and your goal?

If it did not work, was it because of the wrong solution or the wrong
root cause?

If it did not work, how do you plan to try again?

9. Standardize

Have the process changes been standardized? How?

What ongoing measurement is in place?

I's there new documentation? Work instructions or procedures?

Has routine training been modified?

What indicators or measures will tell usif the process starts to regress?
Are appropriate actions documented for foreseeable problems?
Isaplan for continual improvement in place?

Who is responsible for this process? Is this person prepared to take over
monitoring and improvement?

How will a change in customer requirements be identified and met?
Are additional improvements needed in this process?

I's there someplace el se this solution or improvement could be applied?

10. Conclude, learn, and recognize
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Quality Improvement
Stories

hat show how groups actually use the tools within the quality improvement

rocess. Since there is atendency to think of statistical tools as used just in man-
ufacturing and other kinds of tools just in offices, these stories also illustrate how both
kinds of tools have value in both settings.

This chapter concentrates on showing how the tools are used together to create
improvement. To understand how this book can help you find tools that fit a particular
need, refer to Chapter 1.

Three of these case studies are from organizations that have earned the Malcolm
Baldrige National Quality Award (MBNQA) for their achievements. The last story isa
composite of several teams' experiences.

Sori es and examples often are the best teachers. This chapter presents case studies

MEDRAD, INC.: FREIGHT PROCESSING TEAM

Medrad designs and manufactures products used in medical imaging procedures such
asMRI, CT scanning, and cardiovascular imaging. This 1300-employee company, head-
quartered near Pittsburgh, Pennsylvania, distributes and services its products world-
wide. Medrad started its total quality management process in 1988 and six years later
began using MBNQA criteria to assess and improve its business management system.
In 1995, the company achieved certification to 1SO 9000. Medrad first applied for the
MBNQA in 1996, using feedback from the examiners to create cycles of improvement.
After five applications and four site visits, in 2003 Medrad was the sole manufacturing
recipient of the Malcolm Baldrige National Quality Award.

Medrad has used a balanced scorecard since 1997 to set organizationwide goals.
Figure 4.1 showstheir five long-term goals, which are supported by short- and long-term

55
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Corporate Goal Target Corporate Objective | Priority
Exceed financials CMB (profit) growth > revenue growth 1
C 2
Grow the company Revenue growth > 15% per year (@] 3
N 4
F 6
/ 7
D 8
E 12
Improve quality and Grow CMB (profit) per employee > 10% N 5
productivity per year T 10
Improve customer Continuous improvement in Top Box ratings / 9
satisfaction A 11
Improve employee Continuous improvement in employee satis- L See #5
growth and satisfaction | faction above best-in-class Hay benchmark

Figure 4.1 Medrad: balanced scorecard.

targets and “Top 12" corporate objectives. In turn, departments, teams, and individuals
develop actions to help accomplish these goals. (See balanced scorecard for more
details.) The following story describes a project whose three objectives addressed four
of the scorecard goals. For their “best practice” use of improvement processes and tools
and their results, this team received a top honor, Gold Team, in Medrad's President’s
Team Award recognition program.

Define

Managers in the accounting department wanted to reduce the work required to process
freight invoices in order to free up people to do more value-added work, to eliminate a
temporary position, and also to prepare the department to handle future company
growth. Although the goa was clear, how to accomplish it was not. With the help of a
performance improvement facilitator from Medrad's Performance Excellence Center,
they drafted goals and objectives and identified several areas of possible improvement.
When they constructed a high-level Pareto analysis, one area jumped out: freight
payables. This process of paying freight billsinvolves verifying the rates charged, deter-
mining which cost center within Medrad should be charged for each shipment, putting
data into computer systems, and finally paying the bill. The facilitator chose to use the
Six Sigma DMAIC methodology, because project conditions matched that methodol ogy
well: existing process, unknown causes, and unknown solutions.

A project plan and charter were developed. Figure 4.2 shows the charter after an
update midway through the project. (Names have been changed here and throughout the
story for privacy. See project charter for more discussion of this charter.) Three specific
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Project Charter

Project Title: Freight Processing Improvement Business Unit: Accounting Operations

Project Leader: John Doe Business Unit  Daily processing of accounting
Team Members & Meg O’Toole (Accounting) Description: transactions: mailing invoices,
Responsibilities: Deanne Zigler (Supply Chain) paying vendors, processing
Facilitator: Steve White invoices, etc.

Black Belt: Steve White Unit Manager:  John Doe

Sponsor: Maria Martinez

Process Owner:  George Gregory, Red Morris

Problem Statement: A large number of hours are spent processing the payment of inbound and
outbound freight.

Project Objective: Improve the efficiency of the freight payables process through better utilization of
company resources and improvements in the service provided to the department’s customers.

Business Case/Financial Impact: The improvements will save $xxM annually in labor. These
improvements will enable the process to support future growth of the company.

Project SMART Goals: Baseline Current Goal
* Reduce the labor needed to process freight bills. CCID 8-18 10-27
* Make processes more robust to handle more Defects XX% XX% x%
capacity. DPM XXX, XXX XX, XXX XX, XXX
« Increase awareness of process improvement tools.
Process o X.XX X.XX XXX

Project Scope Is: The current process of freight payables, including minor improvements to systems
that provide inputs to this process.
Project Scope Is Not: Major system enhancements; other accounting operations functions.

Deliverables:

« Identification of business elements critical in importance to our customers.

« Identification of baseline measurements and performance goals.

* Process plan and budget required for implementation of the improvements.

« Upon approval, successful development, implementation, and control of the improvements.
« List of identified opportunities for future projects.

Support Required: IT—Suzanne Smith to adjust ERP (estimate 8 days). Shipping software consultant
to incorporate entry screen changes. Planning—Mark Savoy (4 hours).

Schedule: (key milestones and dates) Target Actual Status
Project Start 7-07-03

D—Define: Confirm scope and purpose statements. Document 7-31-03 | 7-31-03 | complete
findings from site visits.

M—Measure: Determine appropriate measurements. Calculate 8-15-03 | 8-20-03 | complete

baseline and performance goals.
A—Analyze: Perform process analysis and identify drivers of baseline | 9-19-03 | 10-02-03 | complete
performance. Document analysis of opportunity areas. Gain approval
for1 & C.

I—Innovative improvement: Improve and implement new process. 11-10-03 planning

C—Control: Verify that performance goals were met. Standardize the | 12-01-03
process and list future improvement opportunities.

Realized Financial Impact: Validated by:
Prepared by: Steve White | Date: 7-7-03 Revision date: 10-27-03
Approvals | Manager: ARSI | Sponsor: Zb\/\k DA,

/
Figure 4.2 Medrad: project charter.
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Exceed Grow the Improve Improve
) . quality and employee
financials company o . -
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Reduce
internal
labor
Make
processes
more robust
Process
improvement
tools

Figure 4.3 Medrad: project objectives matrix.

goaswere defined. A matrix (Figure 4.3) shows how the three project goalsrelate to the
company’s balanced scorecard goals. This project was listed in team members annual
objectives, which created connection and alignment between individual activities and
corporate scorecard goals. Thethird project god, “increase awareness of processimprove-
ment tools,” was included because project sponsors agreed that it was important to spend
extra project time to understand and learn quality tools, rather than simply use them
under the facilitator’s guidance. This empowers the team to tackle new opportunities in
the future. A team member said, “ The charter initially set direction and got everybody on
board, but it also kept us on the right track as we went through the project.” The team
points to clearly defined goals as a best practice that helped their project succeed.

The charter madeit clear that the focus of the project was low-hanging fruit, improve-
ments easily achievable within a short time frame and low investment. Sections 4 and 5
definewhat isand is not within the scope. While everyone acknowledged that major system
enhancements were possible, they were not within this project’s scope. On a continuum
of team goals, this project would not be located at “improve a service” or “improve a
process’ but rather at “ solve a problem.” The problem was high manpower use.

A small team was selected, composed of one person each from accounting and sup-
ply chain, whose regular jobs included the freight payable process, and an accounting
manager who co-led the team aong with the performance improvement facilitator.
Later, Information Technology (IT) people were called in, but they were not asked to
attend meetings until their expertise was needed—a best practice that helped the project
use resources efficiently.

During the design stage, a SIPOC diagram was made to identify stakeholders of
the process. Figure 4.4 shows a portion of the diagram, including a macro flowchart
of the entire shipping process, the full diagram also included adetailed flowchart of the
freight payables process. The process overlaps two functional areas, accounting and
supply chain, and involves several computer systems. External customers are the freight
carriers (vendors) who receive payment, and internal customers are the individuals or
departments (cost centers) who ship items.
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needs a processes picks up
- e
package package within package and
shipped shipping system delivers it Vendor invoices Accounting ERP cuts a ERP applies
Medrad for Operations check and changes
— - — -
- — payment of processes sends to to cost
A cost center Freight vendor Receiving freight service invoice vendor center
requests an delivers accepts
- - e TR
item to be package to shipment and
shipped to them Medrad processes it
Suppliers Inputs Process Outputs Customers
« Shipping « Vendor invoice Accounting « ERP record « Cost centers
* Receiving « Shipping system data Operations « Vendor check «Vendors
« Freight vendors « Shipper software Freight « Freight expense
« ERP software system « ERP software system Invoice allocated to
« Shipping system « Shipping logs Process cost center
« Accounting Operations « Receiving logs
resources « Labor

Figure 4.4 Medrad: SIPOC diagram.

Check cost
allocation field for
appropriate id

Carrier C Invoice
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# Shipments: 1,200/wk
Total time: 642 min.

Gather more info.
Get sales order # or look
through packing lists
for cost center id

/

U A,

Figure 4.5 Medrad: as-is process map.

The next step was to interview stakeholders to understand the perspectives of ship-
ping department and cost center personnel. Then the team created as-is process maps.
Eight flowcharts were required, because the process is different for each carrier and
sometimes for inbound and outbound shipments. Figure 4.5 shows the map created for
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carrier C. Most of the process steps are deliberately blurred in this reproduction of the
map, except for two that the team identified as contributing most to excessive labor.
(The circles with times were added later in the project.)

According to team members, creating the process maps was another best practice
that contributed to their project’s success. They identified waste such as redundant
work, complexity, missing handoffs. Those team members whose work processes touch
gained a side benefit: they now understand better what the other does and how their
work affects the other.

Measurement

When the project began, no measurement tools existed for determining how much time
the processes required or how many errors were encountered. The team developed a
table (Figure 4.6) in a spreadsheet to capture this information. The team members from
accounting and supply chain tracked how long each step of each process took. One time-
consuming step was researching missing cost center numbers (CCIDs), so they also
tracked how often those numbers were missing. Columns to the left of the double line
show collected data. Columns to the right are calculated values. Tracking continued
throughout the project.

Times for each step of the processes were added to the process flowcharts. Carrier
C's flowchart shows 540 minutes per week spent researching missing CCID numbers.
The metrics were used to create control charts: a chart of individuals for processing
times and a p-chart for percentages of missing CCIDs. Each batch was a day’s pro-
cessed invoices, so batch size varied, making the p chart appropriate. Figure 4.7 shows
the p-chart near the end of the project.

Analysis

A simplified decison matrix was used with a two-phase procedure to prioritize
improvement opportunities. Figure 4.8 shows the first five rows of the matrix. Process
steps that contributed to excessive time are listed in the rows as potential improvement
opportunities. The second column from the right shows the minutes spent annually on
each step, the first criteria. For only the most time-consuming steps, the team assessed
the second criteria, difficulty of improvement, on ascale of 1 to 5. An opportunity with

Vendor Type # CCID
# # Carrier Carrier Carrier | Start | End | # CCID || Total | Missing/ Min/
Date | Shipments | Invoices A B C Time | Time | Missing || Time | Shipment | Shipment
19 Aug 714 20 X 1445 | 1635 169 110 0.24 0.15
22 Aug 818 84 X 0845 | 1042 159 127 0.19 0.16

Figure 4.6 Medrad: project metrics table.

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

Medrad, Inc. 61

35%._

30%_

Mapped delivery
25%_| field to CCID

20%4 . .

15%

10%.] EmmhgE"EEg g pm L L e L LN ATy

5%} N EEE Ny gl TR AL N T

0%.

T T T T T T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

# Shipments 670 [ 480 | 714 | 818 | 847 | 630 | 953 |1179(1151( 866 |1056| 992 | 451 |1183| 795 |1121[1339(1335| 736 | 792 (1498| 929 | 1483( 937 | 1116 803 | 1202|1054
#Missing CCIDS | 137 | 59 | 169 | 159 | 151 [ 194 | 166 | 151 (114 | 86 | 51 [ 70 | 85 | 71 [ 97 | 60 | 82 | 109 | 51 [ 77 | 61 | 38 [ 107 | 98 | 67 | 97 | 63 [ 100

% Missing 20 (12 | 24 |19 [ 18 [ 31 |17 |13 [ 10 | 10| 5 71186 125 6 8 7 (10| 4 4 7106 [12]5 9

ucL 249257 |24.7 (244 (243 (250 |24.1|10.3 [10.3 [10.7|10.4 [ 10.5[11.7| 10.3|10.8|10.3 [ 10.1|10.1|10.9|10.8|10.0| 10.6| 10.0(10.5| 10.3|10.8| 10.2| 10.4

LCL 156 |14.7 [15.7 [16.0 | 16.1 | 154 | 163 [ 55 | 55 | 52 [ 54 | 53 | 41 [ 56 [ 50 [ 55 | 57 | 57 [ 49 | 50|58 [ 53 [ 58| 53 | 65| 50 [ 56 | 54

Figure 4.7 Medrad: p chart.

Annual Difficulty of
Average Impact of | Improvement
Weekly Annual Minutes per Step 1 =Easy
Rank | Ref # | Type Process Step Shipments | Shipments | Shipment | (minutes) | 5 = Difficult
1 1 Carrier C Check cost 1200 62,400 0.19 11,856 2
allocation field 1D
2 1 Carrier B outbound | Look up delivery # in 70 3,640 2 7,280 2
ERP to get CCID
3 4A Carrier B outbound | Post w/clearing 70 3,640 3.54 12,886 5
sales
4 5 Carrier B outbound | Delivery # not found/ 50 2,600 1.76 4,576
and inbound PA process
5 9 Carrier B inbound Research to find the 25 1,300 3 3,900
PO of non-inventory
shipments

Figure 4.8 Medrad: decision matrix.

huge potential time savings scored 5 in difficulty, because improvement would require
major changes in companywide procedures. Because the project’s scope was restricted
to low-hanging fruit, that opportunity was eliminated from consideration.

Each of the opportunities chosen in the prioritization step was analyzed for root
causes, using a variation of the fishbone diagram analysis. Instead of drawing the
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traditional fish skeleton, flipchart pages were headed with the categories of causes—
people, environment, technol ogy, procedures, and so on—and as the team brainstormed,
causes were placed onto appropriate pages. The facilitator explains, “We didn’t intro-
duce the fishbone because sometimes just its structure makes it seem more complex
than it really is” One cause of missing CCIDs was incorrect numbers keyed in by ship-
ping personnel. Another cause was no humber keyed in, and a cause for that was the
CCID missing on the packing slip turned in by the shipper.

Brainstorming was used again to identify solutions for the causes. Some causes
required additional research. IT people were brought in to develop solutions to computer
issues. The causes of missing CCIDs were first labeled “skill and knowledge issues’
under the “people” category, and training solutions were discussed. As the conversation
went deeper, the team realized that training would work until turnover occurred and train-
ing didn’'t happen or a different message was communicated. The team asked themselves
how technology could ensure that the CCID is entered. Their mistake-proofing solution
had two parts. CCID became arequired data entry field, to prevent omitting the number;
and a drop-down list showed all cost center numbers, to reduce data entry errors.
Mistake-proofing the CCID entry, another best practice, required the team to take their
thought process to another level to find a systemic solution.

Some of the solutions changed the process maps. To-be flowcharts were drawn for
the new processes. Figure 4.9 shows as-is and to-be flowchartsfor one carrier. Again, the
steps of the process are intentionally blurred here; what isimportant is how much simpler
the new process became. Some process maps did not change. All these process maps can
be used in the future for training.

O

|
| . . . ;g +
-

¢

<>
e

L

Figure 4.9 Medrad: as-is and to-be process maps.
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Innovative Improvement

People who would be affected by the solutions were consulted to understand their per-
spective and improve the plans. Then the plans were carried out by theteam and IT. The
team continued tracking metrics, but because improvement opportunities focused on a
few carriers processes, only their charts were maintained.

Many changes were implemented. One solution corrected the interfaces between
computer systems, so those working the freight payables process had access to infor-
mation they needed. Non-value-added steps were eliminated. For example, paper
invoices had been manually sorted by carrier, a time-consuming chore, but the team
realized that only once in severa years was it necessary to retrieve a paid invoice.
Another time-consuming step, reviewing rates on every paper invoice and signing each
one, was modified so that invoices under a certain dollar amount have blanket autho-
rization. That change speeded about 90 percent of all paper invoices. Carriers, who are
both suppliers and customers, were involved in some solutions. A carrier who used to
provide a paper invoice for every shipment was asked to provide consolidated billing.
To solve the problem of personnel in field offices not providing cost center information,
the team worked with carriers to make the information mandatory for shipments charged
to Medrad.

To manage project implementation, Medrad uses atool they call a corrective action
tracker (Figure 4.10). Another variation of the generic table, it not only lists actions,
responsible parties, targeted completion dates, and status, but al so relates actions to steps
on the process map and to actions that must happen before or after.

Action | Ref Target Linked
# # | Ref Step | Action Owner | Date | Current Status Actions | Closed
1 #11 | Look up | Setup meeting with IT Meg 9/16 | Waiting for Suzanne to confirm /10 /
CCID (Suzanne S.) to discuss the that will take about 1 hr to
requirements of this step complete
2 #4a | Postw/ | Discuss concept with John 9/16 | * Turned down idea. Need 2 x/
clearing | finance and sales to accountability for freight.
understand their points * Need to investigate other
of view opportunities
3 5 Delivery | Get more details about Deanne | 9/16 | Thisis on Mark S.’s list, but /5 /
# not duration of manual not high priority. Deanne will
found processing for carriers follow up with Mark and provide
CandD support to raise priority. Met
with Mark and this is higher
priority now.
/\—/\/\/
Current status: Provide details to identify any risk of missing the target date.
Linked actions: Preceding action # / Subsequent action #
Closed: Closing of current action item / Closing of all related items

Figure 410 Medrad: corrective action tracking table.
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When the CCID data entry was changed in the computer system, the results were
immediate. On the control charts, the percentage of missing CCIDs and the time
required to process invoices both dropped dramatically when that change was made and
stayed at that lower level. (The percentage of missing CCIDs s not zero because of ship-
ments dropped off at carriers facilitiesoutside Medrad.) Overall, significant labor savings
were achieved. For example, processing time for one carrier’s invoices was reduced by
more than six hours per week.

The team considers ongoing measurement to be another best practice. The facilitator
explains, “Often people can feel the results, but they don’t have a quantitative measure for
the impact of the project. Using tools like these, it was very easy to communicate to
people what our impact was, what the savings were. And it gives the team a feeling of
accomplishment because it's visual; they can see the impact they had by participating
in this project.”

Control

Responsibility for the improved freight payables process was handed off to the func-
tional groups. Because these groups were involved throughout the project, the disband-
ing of the team and hand-off to the groups was seamless. The measurement tools were
passed to accounting so they could continue to monitor performance.

“We have alot of ideas for things that we see us working on in the future,” says one
team member, “but for the purpose of our team, it had to have an end point.” The next
step is“benchmarking, benchmarking, benchmarking” : learning from best-practice com-
paniesin the area of freight processing. They also plan to extend this project’s improve-
ments to other types of shipments and other carriers.

The team highlighted the five best practices that had contributed to their success.
They aso identified lessons they had learned from challenges they encountered. For
example, they learned that during the planning stage, they should consider competing pro-
jects and commitments, not only current ones but also ones that will occur throughout the
expected time frame of the project. Their project had to be lengthened and team members
had to juggle too many balls because of other important activities in their regular jobs.

Another important lesson was about getting started. Despite Medrad’s strong con-
tinuous improvement culture, “ sometimes projects seem more complex, maybe require
more project management experience or different tools that people don’t fedl they have
expertise using,” saysthis project’s facilitator. “They brought me into the picture. ‘ How
would we go about this? What tools would we use? Take small bites. You're sitting
there looking at a gigantic cookie, and it's a little intimidating. Small bites out of the
project have large impact.”

Another team member said, “ Sometimes you' re concentrated so much on what you
do every day, and you know all these different issues. So on a project you're not really
sure where to start. You get bogged down with talking about all these things, and you
don't really solve anything. You don’'t know what direction to go in and don’t know how
you're supposed to lay it out. Even something as simple as a process map—you don’t
even think to do that sometimes. By having him [the facilitator] on our team, it hel ped
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us step back and realize how not to get bogged down with all the other issues and to find
ways to get moving in the right direction. Actualy, it was a joy, and it was one of the
best projects I’ ve been on, because we were so focused and because of the quality tools
we used as a group.”

PEARL RIVER SCHOOL DISTRICT

Pearl River School District (PRSD), located 25 miles north of New York City, has cre-
atively adapted the tools and methods of quality to fit its needs. They explain, “We deal
with people. Our students are our customers, and the product we deliver isto allow them
to achieve to their highest ability.” Pearl River has applied the principles of continuous
improvement so well that results over a twelve-year period earned them the Malcolm
Baldrige National Quality Award in 2001.

Pearl River's “Golden Thread” is atree diagram (Figure 4.11) that communicates
how districtwide goals are translated into subgoals and individual projects. Surveys are
used extensively to gather input from students, faculty, staff, and community. (See tree
diagram and survey for details.)

Pear| River uses data extensively to monitor performance on everything they do.
A computerized data warehouse automatically pullsin data from a variety of sources
and makesit easily available in tablesor graphs, stratified in whatever way is needed
for analysis. Root cause analysis is applied to any areas needing improvement. They
view their work as processes and have studied and flowcharted dozens of key pro-
cesses, from teacher recruitment and hiring to maintenance work orders. They use the
plan—-do-study—act (PDSA) cycle extensively. Figure 4.12 shows how they have

Align 5-12 math curriculum |

- Implement year 2 technology plan |
Academic Regents’ 4th and 8th NYS

| achievement diploma rate exam results
Replace grade 7 assessment |

Implement grades 5-8 differentiated
instruction

Improved
academic —
performance

Lead indicator Project

Lag indicator

Lead indicator

Project
College )

| admissions

Lead indicator Project

Lag indicator

TITT

Lead indicator Project

Figure 4.11 Pearl River: tree diagram.
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Figure 412 Pearl River: PDSA approach.
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Figure 4.13 Pearl River: performance evaluation process.

transformed it into the A+ Approach for curriculum planning. See the PDSA example
on page 391 for more details.

Pearl River believes education isall about what happensin the classroom. The PRSD
performance evaluation process, shown in Figure 4.13, supports teachers in setting and
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Figure 414 Pearl River: analysis process.

achieving goals for improved teaching, aligned with district goals, and eval uates teacher
performance, identifying and correcting problems when they appear. The steps of this
process encompass al but step 2 of this book’s generic 10-step improvement process.
Step 2 is built into the design of the data warehouse, which collects data from and for
significant stakeholders. Their data analysis process, Figure 4.14, forms the core of
their improvement cycle and is used during every iteration before deciding what steps
to take next.

The following stories from Pearl River School District illustrate how the improve-
ment process—and especialy using data as a tool for problem analysis—applies even
to education’s fundamental activities of teaching and learning.

Closing the Gap

A high school teacher met with her principal in September to review performance and
set improvement goals, as all teachers do at the start of the school year. An experienced
teacher of a core academic subject, she had taught in the district for only one year. Data
from the warehouse showed that the average of her students’ scores on state exams was
ten percent lower than the average of their classroom work. The principal, who had
observed this teacher’s classroom many times, was perplexed by the huge gap.

“I don't get it,” the principal said. “I know you're a great teacher. Why do you think
this happened?’

Asthe principal and teacher explored the problem, they realized what was going on.
The teacher had given her students too many extra-credit assignments. Because their
grades were high, they thought they knew the material and didn’t study as hard as they
should have. Inaccurate data feedback was affecting the students' study process.
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The teacher changed her approach. She also continued to reflect on what was hap-
pening in her classroom. In addition to reducing extra-credit assignments, she was
guicker to recommend struggling students for the math lab, and she started reviews for
the state exam earlier.

The following year, the gap had completely disappeared. Her students' classroom
average remained high, and the average of their state exam scores matched their class-
room work.

Pearl River High School’s principal says she has used data to study all kinds of
problems, now that she understands its power. “ The power of datalies not only in study-
ing figures but also in knowing what figures to study.” State exam scores alone would
not have indicated how the teacher’s approach needed changing. The cause could have
been anything from teaching the wrong material to poor classroom management skills.
However, comparing two sets of data gave additional information about the current state
that led to the correct cause of the problem.

Focusing on the Cause

In another instance, the performance of a brand-new teacher in an academic subject was
not satisfactory. A huge percentage of his students failed the midterm exam. Again, the
cause could have been anything from a group of kids with poor study skills to poor
teaching to a poorly designed exam. Before a quarterly performance review, the princi-
pal did several data comparisons.

First, she compared the midterm exam scores of this teacher’s students to other
teachers’ students. These kids did significantly worse. The cause was not the exam.

Second, she compared grades in these students' other classes to their gradesin this
subject. They were doing well elsewhere. The cause was not the student’s study skills
or learning capacity.

Third, she compared the results on this midterm exam, which is a departmentwide
exam, to results on classroom quarterly exams, which are prepared by the teacher. The
students had performed well on the quarterly exams. Poor teaching was probably not
the cause, unless the teacher’s tests were badly designed.

These comparisons pointed to a different cause: the teacher was not teaching the
same materia as the other teachers. The teacher and principal could now begin to seek
confirmation of this cause and plan changes.

When data is used for problem solving, judgmental issues like personalities can
be avoided. “The discussion is cooler and cleaner,” says Pearl River’s principal. “Not
necessarily more pleasant, but on a different, less emotional plane” While education’s
results are dependent on what happensinside classrooms between teachers and students,
the field has no monopoly on emotionally charged issues. Every organization functions
through people and therefore is full of potentialy explosive emotiona land mines.
Thoughtful use of data can help us weave through those land mines and focus on true
problem causes.
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ST. LUKE'S HOSPITAL: CHARGING STANDARDS

St. Luke's Hospital is the largest hospital in Kansas City, Missouri, with 450 doctors,
over 3000 employees, and almost 600 beds. For many years it has been committed to
total quality and continuous improvement. In 1995, the hospital began using the
MBNQA criteriato help it strive for excellence. By 2003, St. Luke's successin improv-
ing healthcare, patient satisfaction, and bottom-line results earned it the Malcolm
Baldrige National Quality Award.

Although it is a not-for-profit hospital, like any organization it must manage its
financial resources so that it can continue to fulfill its three-part mission of outstanding
health care, medical education, and research. St. Luke's uses a planning process based on
an organizationwide balanced scorecard (Figure 4.15), deployed throughout the orga-
nization with 90-day action plansin all departments.

The following story illustrates how the principles and tools of quality improvement
were applied to a hospital processthat overlapped medical care and financial accounting.
It also demonstrates that the steps of the improvement process need not be addressed in
strict sequential order, if the project suggests a different organization. St. Luke's uses a
five-step improvement process, but the ten-step process is indicated here as another
illustration of those steps.

The Problem

Hospitals itemize patient charges to include supplies used and services that are above
and beyond normal nursing care on the unit. For example, if a patient receives a cardiac
catheterization, the catheter and dressings should be itemized. After the procedure, the

Financial People

Clinical and Strategy & Vision Growth and
Administrative
Quality Development

Customer
Satisfaction

Figure 4.15 St. Luke’s: balanced scorecard.

Li censed to CFAO Tech/David Hardey by ASQ (www. asq.org) Order# 1001253601 Downl oaded: 5/29/2009



SI NGLE- USER LI CENSE ONLY, COPYlI NG AND NETWORKI NG PRCHI BI TED.

70  Chapter Four: Quality Improvement Stories

nurse on the unit closely monitors the patient for about four hours, watching for com-
plications, and that special nursing care also is charged.

But in the fast-paced, high-pressure nursing units at St. Luke's, these charges often
were not captured. A mistake-proofing system had been devised to make it easy to
capture charges for supplies. Each item had a yellow sticker, and when the item was
used for a patient, the sticker was removed from the item and placed on the patient’s
card. But many charges were missed anyway. The hospital’s charge audit department
reviews records when regquested by insurance companies, looking for invalid charges,
but the auditors discovered the opposite problem: an overwhelming percentage of
patient records were missing charges. Because not every record is audited, the true cost
to the hospital’s bottom line was unknown, but St. Luke's knew they were losing alot
of money.

Team Formation

To solve this problem, the Performance Improvement (Pl) Steering Committee char -
tered a team to develop new charging standards. Eleven team members represented
every nursing unit, different positions from nursing director to staff nurses to unit sec-
retaries, different functions such as information services (IS) and accounting, a facili-
tator from quality resources, and a director-level team leader. (Step 1: What do we want
to accomplish?)

Because of the high priority of thisissue, the steering committee and team |leader-
ship decided to accelerate the project with an approach that was unusual at the time,
although St. Luke's has since adopted it for other projects. The team met only four
times—but those meetings lasted al day long. With meetings every Friday and work
assignments between meetings, the project kicked off at the beginning of April and
rolled out a new process in July. Many people complain that quality improvement pro-
jects take too long. St. Luke's has proved it doesn't have to be so!

The most-used tool was an L-shaped matrix that hung on the wall throughout all
the team meetings. (See Figure 4.16.) Only the column and row labels were filled in.
Brainchild of the team leader, it visually conveyed two intersecting dimensions of the
charging problem. (Step 1.) The charging process has three phases. knowing what to

Knowledge Resources Accountability

What to
charge

Entering the
charge

Auditing the
charge

Figure 4.16 St. Luke's: L-shaped matrix.
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charge (and not to charge), entering the charge so it can be captured on the patient’s
record, and auditing charges later. For each of these three phases, three categories of
regquirements have to be met: knowledge of the charging process; resources available,
such as access to the computer system; and accountability, so that people know for
what part of the process they are responsible. After a few meetings, one of the team
members commented, “You know, the more | stare at that matrix, the more it’s starting
to make sense” A tool’s structure, without detail, can be used to convey complex con-
cepts or relationships.

First Meeting

The first team meeting, held in April, was devoted to the first phase of the charging
process, knowing what to charge. The team brainstor med regquirements under the three
broad categories—knowledge, resources, and accountability—for each staff position
involved in the process. (Step 2: Who cares and what do they care about?) The brain-
storming began by asking questions like, “What do you need to know? What resources
do you need in order to do thisjob?’ A table derived from the charging concepts matrix
was used to organize the ideas generated by the brainstorming. (See Figure 4.17.) This
table became a work-in-progress and was used throughout all the team meetings.

Flowcharting was used to understand how items are added or changed on the master
list of charges. Figure 4.18 shows a portion of the detailed flowchart developed during
thisfirst Friday.

Accountability | Knowledge Resources
Director What procedures and supplies used by Access to list of CDM
each area Form on N drive
B94 process (what is a B94, when to use) | Internet Intranet resources
What items are “outside” B94 committee
How to monitor for changes in cost/prices | Monthly material management report
Respond to the CPT change e-mails REVEAL training on reports
Administrative How to maintain the unit charge sheets Access to CDM inquiry
Assistant How to communicate changes Access to PMM

Monitor