LEAN SIX SIGMA
YELLOW & ORANGE BELT

60 Exercises and Rationals

CLIMBING THE MOUNTAIN

ir. H.C. Theisens

SECOND REVISED EDITION

Lean Six Sigma Academy®

© Copyright LSSA BV, 2021
Enschede, the Netherlands



Title: Lean Six Sigma Yellow & Orange Belt
60 Exercises and Rationals

Series: Climbing the Mountain
Author: ir. H.C. Theisens

Publisher:  Lean Six Sigma Academy
© Copyright LSSA BV, 2021
Enschede, the Netherlands

Contact: Contact us or visit our website for more information, volume discounts,
online sales and material licensing

www.lssa.eu

info@I|ssa.eu

Edition: 2" revised edition, 2021
ISBN 978-94-92240-36-1
NUR 100

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

Portions of information contained in this book are printed with permission
of Minitab Inc. All rights reserved. MINITAB® and all other trademarks and
logos for the company's products and services are the exclusive property
of Minitab Inc. All other marks referenced remain the property of their
respective owners. See minitab.com for more information.

The structure of this book is based on the LSSA® Skill set (rev 3.2, 2021)
and the Continuous Improvement Maturity Model — CIMM™. You have
the permission to share and distribute this model in its original form by
referencing the publisher and author, (LSSA®, Theisens et. al., 2021).

Printed in the Netherlands.






Content

HOW TO USE THIS BOOK ....cuuiiiiuiiiinniiieniiienisiiniiissiiissierssieissisisnssssssssssssssssssssssssssssssssssssssnnss 9
1 WORLD CLASS ...uiiiiiiiitniiineieiineieiensisiensisssisiessssssssoressiesssssssssssssssssssssssssssssessssssnssssansssans 10
1.1 CONTINUOUS IMPROVEMENT 1.uuueseuanananensnannnsnssanssssssssssnssssssssssssssssssssssssnsssnsssssnsnssnsssnsssnsnnnnns 10
1.1.1 History of Lean and SiX SigIMQ .........ccecuveeeeisiuiieiesiiiieeesitieeesiteeessiteeessiaeesessssissaeesaans 10
1.1.2 LEAN PIINCIPICS c...vvveeeeeeeeee ettt ettt st e e st a e s s stae e e s e s sattaessnssaasenasees 10
1.1.3 HOUSE Of QUANILY ..cccoeeeeeeeeeiiee ettt s et e st a e s tae s s st s sataeaesnssaasenasees 11
1.1.4 EigRt tYPeS Of WASEE ....coeeeeeeeeeeieee ettt stt e ssaa e e st e s s st e e s sasaaeensees 11
1.1.5 CIMM-— TAMEWOIK ..ottt et e e a e st e s s staee e e s sasaaeenaees 11

1.2 CUSTOMER VALUE (VOC & CTQ) euueiiiiiiiiiiiieiieee e e eeiitieee e e e e e eesesssavtaee s e e e e e senaabaeeeesesssnsssansneeees 12
1.2.1 CTQ = NUISING NOME ..ottt sstt e ssaa e e s ae e s s staesaaesssasaaeensees 12
1.2.2 CTQ - Implementation OrganiZAtioN............c.cceeeeeueeeesscuieeeesiiieeessiiieeeesiieeessiieeseesnnans 12
1.2.3 CTQ —Ball bearing 0N SAGSt......c.uuveeeeiiiieeiesiiee ettt sstte e e e siaa e 12
1.2.4 CTQ—Flowdown — BaKiNgG PANCAKES ........ccceecuveeereriiiieeesiiiisessiiireeessiiessssisinsssssisnnssssnnns 13
1.2.5 CTQ—FIowdown — HOLEI FOOM .....cccceneeeeeeee ettt e e teeeaa e e e e s e e e eesnns 13

2 POLICY DEVELOPMENT AND DEPLOYMENT ......ceeiiiiiieeccreenesenenerennsnensesensnerensnsesnsasennns 14
2.1 POLICY DEVELOPIMENT ..iiiittuttuuieseeeeeeteeuusunesesesesessssssnnsesesssssssnsesesssesssnssssssnnesssessssssssnnnnssssanes 14
2.1.1 Mission, ViSion aNd COIr@ VAIUEBS .........uueueeeeeeeeeeveeeeeeieeeieieieieiiiiiiieieiieeieeeeeeeeeeeeeveveevvvevee, 14
2.1.2 COMPELILIVE SEFALEGIES ....eeeeeeeeeeeeeeeeeee et ttte e e e e e e e ettt ttae e e e e e e e ettt rsaeesessatssaaaeeeaees 14
2.1.3 COSt Of POOI QUAITY wvvvvvvveeeeeeeciriieieeeeet ettt eeeetetsveee e e e essssaseereeseesssessssssesesassenaas 15

2.2 POLICY DEPLOYMENT titttttttteterereeeeeteeeeeeteteteteteseeeseseessseseeeeereeeeeeeteeeseseseeseeeeesssesssseeseseesessseeeseees 16
2.2.1 CRANGE MANGAGEMENT ..ueeveeeeeeeecrreeieeeeeeeeiiiereeeeeeeesssstsseesssseeississsessessessssssssssssreseseenisas 16

3  PROJECT MANAGEMENT......cccciiitniiienieieniiinsisieniiissieressiersssssssssssssssssssssssnsssssnsssssnssssnnss 17
3.1 IMIANAGING A PROJECT uuuurrtreeeesssesurenreeeeessssassssanesesssssssasasssssnseesessssssssssneesssssssanssssenseessenseensnns 17
3.1.1 Project prioritiZAtionN (OB) ........ueeeeeeeeeeeeeeeieriieieeeeesisieeeeeeeeeetsiiisseesesseessssisssssssesessenisas 17
3.1.2 PrOJECE CRGITEI........eeeeveeeeeeeeeeeieeee ettt eee e et ettt e e e eesssstasseeaaeeeseeeesssssseseseesenses 17

3.2 PROCESS IMPROVEMENT ROADIMAPS. ..cctttttittrtieieteteeeteteeteteseteteseeeeesesestereeeseeeeeseteseseteseesseesssasanes 18
I B o D L0 e o Yo To [ 1 o T o B 18
R R D 1Y Y (6o Yo To 4 1o T KRR 18

4 CIMM LEVEL | — CREATING A SOLID FOUNDATION .....ccctiitmuiimneicinnnisinnsnsnsierssssessnsssssnssns 20
4.1  PROFESSIONAL WORK ENVIRONMENT ....uuuvtvrrreeesssesuerereesessesssnnnernneesssessessssnsssnseesesssnsssssssessesseans 20
B N Y o i ¢ T=2 o j ol =2 U USRI 20
4.1.2 55=00N 0 COMPULEEE ...ttt e e e ettt 20
B BN Vot 117 14 {2 OO USRS 21
4.1.4 55— GEMBDA WAIK........ooeeeaaeeeeeee ettt ettt e e e ettt a e e e e s e e st aaaeeaaa 21

4.2 STANDARDIZED WORK ..ettttuuuueteeeeetettrusuunaeseseesseessssnnssesssesssssnsssessesssnssmnnassesesessemssmnanessessssnnnns 21
4.2.1 Standard Operating Procedure — Paper plane folding................cccoeevuveeevcvveieniiivnennnns 21
4.2.2 0N POINE IESSON ....vvveeeiieeeeiieeeeetie e ettt ettt stt e e et e e e sate e s s sateae s e sssssnaessssstesesnas 22

4.3 QUALITY MANAGEMENT ttttttueeteteeetetttuttunaeseeeeeseettsaiaassessssunsasseseesssmsmsnmseseseesssesssmnmanesssssesnnnns 23

4.3.1 Effective process CONtrol MEtROMS ............coeccuveeeesiuiieeesiiieeesiiieeeesieeeesieeeesssieeeesans 23



5

CIMM LEVEL Il - CREATING A CONTINUOUS IMPROVEMENT CULTURE......c.ccccceeeereennnnnnees 24
5.1 VISUAL MANAGEMENT L.uuutittttetittittiiiaeeeeeeeetttttsuaasseeeeesesunsseseeessessssnnasssssesssensssmnmiessesseseeensnnens 24
5.1.1 Visualization in the WOIKPIACE ..............oeeeeeeeeieeiiiieesiieeesiiee ettt svaa e 24
5.2 PERFORMANCE MANAGEMENT .ettttttuueeeeeeeertttssuuneseeesesssessssnnssssssssssssnnssessessenssssnnanessssessnsesssnns 25
I B 01 Ty Lo X 6 ol -SSR 25
5.2.2 ROOL CAUSE QNAIYSIS ....evveeeiiieeeeiiieeeeieite ettt ettt e e sta e e st e e s s ste e e e s nsssasesssees 25
5.3 BASIC QUALITY TOOLS. .. ueietieetietruriiiaeeeeeeertttusanassesaeeesuunaesessesssessssnasssssesssesessmnmmeseessssesensnsens 26
5.3.1 Affinity diagram — StUAENTES ..........ceoveueveeeeieiieeeeeiee ettt ste e sstee e e s sraa e 26
5.3.2 5-Why technique — Problem SOIVING.............ccccoeeeuueeeessueieesiiiiseesiieeesciieeessiiea e s 26
5.3.3 IShikawa — PizzQ COMPIQINTS........vveeeeiiieeesiieeeeiee ettt ssvte e s sraa s 27
5.3.4 Cause & Effect matrix — BaKiNG PONCAKES............ccuveeeeeueeeesiiiieeesiiiieessiieeesssinesssssnnens 28
(ol = PP PTPP R UPUPPPTPPIRE 28
5.3.5 Scatter plot — EIECErONIC SYStOM ....ccccuvveeeeeiiieeeeiieeeeeieeeesita e s itee e ssiee e s s ssaraaessees 28
5.3.6 Pareto chart — Customer SQLISFACLION ............eeeeveuveeeeeiiiieesiiieeeeecieeeesieeesssiree e 29
NG AV = 1o Tallol o To T Al 60 T o o o SR 29
5.3.8 Bar chart — TOP 2000............uuveeeeieeeeeeieiiieeeeeeeeeessiiiissesssseseississeesssssessssisssssssssssssesmmsiins 29
5.3.9 Bar chart — CPU2000.............cooeeueeeeeeeeieeeeeeeeeeeetttaeeesttta e e sttt e esesaaaeesssas e aesssssaaesssnees 30
5.3.10 Pie chart — FIashlight ProQUCEION...............ccceeeeeeeviveieieeeeeeeiiieeiieeeeesesiiseeiesseeeseenenins 30
5.3.11 Time series Plot — COVID—CASES........cuuueeeeeeeeeeeeiiiireeeeeeeeiesiiiseeeeeseessssiisesessssesseennsiins 31
5.3.12  Time Series Plot — MEATDAIIS..........cccuveeeeeeiieeeesieiieieeeeeeesesiirieeeeseeessssiseeeesseseseenesins 31
5.3.13  HistOgram — MEGLDAIIS ..........oueeeeeeeeeeeieeiiiiieeeeeeeiiieeee e eeeesieeeeseeeesstiasveeesveeeseenesians 31
5.3.14  HiStOGram = WEeIFOre........uuueeeeeeeeeeeeieieeeeeiieiieeeesieieeeeeeeeeesesieseeeseseessssissssssssesssennnsins 32
5.3.15 BOXPlot — COffEE POUS (OB)...ceueeeeeeeieeeeeeeeeeeeeeseeieeieeeeeeesesiiveeeeeseesssssisseressssrsseenesins 32
CIMM LEVEL Il = CREATING STABLE & EFFICIENT PROCESSES.......cccccotttuuiiiininnnciniennnicnnens 33
6.1 PROCESS IMIAPPING ...cetteteetieiiiiitettee e e e sttt et e e e s e s et et e e e e e s ansre et eeeeesannnreeeeeeesssannsnnrrnneens 33
6.1.1 SIPOC — BAKING PANCAKES ......cooeervreeeeeeeeieeieeierveeeeseesisiisseeeesseesssiissssessssessssisssssssssssses 33
6.1.2 Flowchart — FIashlight ProQUCEION ..........ccccevuevveeieeeeiieciieieieeeeeessiiieeeeeseeesssiiseassreeseens 33
6.2 PERFORMANCE METRICS.cceeteeiiuuureereesesasaunreeetesesssasnsreeeeeeeeessssasansenesesessassanseseeesesssasansseneessenes 36
6.2.1 Takt time — FIaShlight ProduCtioN .............ccceeecuveeeesiuiiiiesciiieessiieeeesieeeesteeessessieee e 36
6.2.2 TAKE LM — FINES ...ttt e e e ettt a e e e e e sttt aaaaeaaaeeessssssasaaaaenas 36
6.2.3 LEAA tIME — LELLEIS ...ttt ettt e e ettt a e e e e ettt a e e e e e e e e e s sssssasaaaaeeas 37
6.2.4 First Time Right (FTR) and Rolled Throughput Yield (RTY).......cccoueeeevveeeeeiieeeeeiivenann, 37
6.3 VALUE STREAM ANALYSIS. . .itiitetttiutuuaieeeeeeeetterusuiaseeesesseemsnsesessesssesssnmessssseseseressmmmmesessesssnnmmnnens 38
6.3.1 Three M’s QNd IGAT WASLES ......ccccuvveeeeeiiieeeesiiieeesiieeesite e esite e e esitaeessitaa e e e ssssaeesses 38
6.3.2 Waste identification — LOGiStiCOl PrOCESS...........ueeeecuvvveesiiiieessiiieeesiiieeesiiieeessiineeenns 39
6.3.3 Process FMEA — Baking pancakes (OB)...........cecuueeecueeeiueeesiiieesieeeieeesissessseessssessssnens 40
6.3.4 Poka Yoke — Practicl @XAMPIES...........ccuueeeeeeeuveeeesiiieeesciieeessiieeeessieeessiieaesssssieeesnns 40
CIMM LEVEL IV — CREATING CAPABLE PROCESSES .........coittmuniieriennncereennnceseennsneessennnsenens 41
8 R 111 1 Y 0T PSP PP TPRRR 41
A O Yoo | (= V=X SR RUTPPRRPTN 41
A B Y/ I=Te o e T Lo gt Tt o T BRI 41
7.1.3 Variance, standard deviation and range (OB) .............ccccvueeeeecueeeeeiieeeeeeiieeeeeiiveeeaaeans 41
7.1.4 Probability theory — TOSSING AiCE (OB) ........uueeeeeeeeeeeeeiiireeiieeeeeeisiiiereeeeeseesssiisseesvseeesees 41
7.1.5 Probability theory — Vase With marbles (OB)..........ccccevvuveeeeeeeeesiiiereeieseeesiiiiveveeseeneeens 42
7.1.6 Population VErsus SAMPIE (OB) .........eceeeeeceieeeeeeeeeeeeeeiiiieeeeeeeeeesssiisseeeseseessssissssssseesseens 42

7.1.7 Measurement procedures and SYStEMS (OB) .........ccoeeeevvveeeeeeeeeieiiirvreeeeeeeisiiiirereesseenenes 42



RATIONALS

1 WORLD CLASS ....ociiiiiiieeiiteeertneerensesteasesenssssensesenssesenssssensasensssssnssssenssssnnsssensssssnsasenanenans 45
1.1 CONTINUOUS IMPROVEMENT ..cetttttuuuueseeeeeeeeeresuunnssesseeseessssnnnnssssnssssmnssessesessssssssnassessssssnnsssnnnns 45
1.1.1 History of Lean and SiX SigIMQ .........ccecuveeeeieiuiieeeseiiieeesiiieeesiieeessiteeessiieeeessssisaaeesaens 45
1.1.2 LEAN PIINCIPICS ..ottt e et st e e st e e s s stae e e s e s sattaessnssaassnasees 45
1.1.3 HOUSE Of QUANILY ...ccoeeeieeeeiiieeeeeeee ettt ettt e vt e e st a e s st e s e st s stte e e snssaasenasees 47
1.1.4 EigRt tYPeS Of WASEE ....cceeeeveeeeeeiiee ettt e ettt e e e e s stte e s s te e e s sasaasessees 47
1.1.5 CIMM-— IAMEWOIK c.....eeeeeeiiieeeeeee ettt ettt e e st s e s staee e e s nsasaaeenaees 48

1.2 CUSTOMER VALUE (VOC & CTQ)...cuuriieieiriieeeiiieeeeeite e e eette e e e e etreeeseearaeeeeensaeeeeeanseeeeennnesesennens 49
1.2.1 CTQ = NUISING NOME ..ooooeveeeeiiee ettt s sttt s e e e s ate e s s ssaeeaaesssssaaeessees 49
1.2.2 CTQ - Implementation OrganiZAtioN............c.eceeeeeuveeessiuieeeesiiieeessiieeessisiesessiieeseesnnns 49
1.2.3 CTQ —Ball bearing 0N SAGSt......c.uuveeeeeiiieeeesiiieeeseie ettt ssaee e e e ssaa e 49
1.2.4 CTQ—Flowdown — BaKiNg PANCAKES ........ccccccuveeeeeriiiieeesiiieeesiiieeesiiieeessisisssssiiineesesnnans 49
1.2.5 CTQ—FIowdown — HOLEI FOOM .....cccconeeeeeee ettt e ettt e e e e e e e e e eesnes 51

2 POLICY DEVELOPMENT AND DEPLOYMENT ......coieiiiicireeccreencsenenerennsnensesensnesensnssensesennns 52
2.1 POLICY DEVELOPMENT ittitttttetereteteteeeteeeeeeteteseteseeesesesesseeeeeeeeeeesereseteseseeeseeseessesssesesessesseessseneens 52
2.1.1 Mission, ViSion aNd COI€ VAIUEBS ...........cueeeeeeeeeeeeeeeeeeeeeeeieieieeeieeeieeeiieeeeeeeeeeeeeeeeeeveeeeee, 52
2.1.2 VQIUE STIATEGICS......vvvveeeeeeeeeeerieeeee e eeeeeettiretee e e e ee st areeeeessssssseasaeeeeseeessssssseseseesenias 52
2.1.3 COSt Of POOI QUOAITY wvvvvvvveeeeeeeciriieieeeeeteeeeeiteeee e e eeetstsveee e e e eesseaseeseessesssessssssesesessenaas 52

2.2 POLICY DEPLOYMENT tittttttetererereeeeeteeeeeeeeteteteseseeeseseeesseseeeeereeeeeeeteeesesesseseseeesssesseeeeseseesessseseeeens 52
2.2.1 CRANGE MANGAGEMENT ...eevveeeeeeecrreeieeeeeeeeiiiareeeeeeeeetssisseessseeeississsesseseessssssssssssseseseenisas 52

3  PROJECT MANAGEMENT......cccciiitniiienieieniiinsisieniiissieressiersssssssssssssssssssssssnsssssnsssssnssssnnss 53
3.1 IMANAGING A PROJECT cereiiererererereieteteeeeeeeeteteseteseseseeesesstteseeeeeeereeeteteteseeseeeeeesseseseeesseeeesseesseeeens 53

O I B A =] oY [=Tot T [0 4 1 {0 1 [ ¢ AR 53
3.1.2 PrOJECE CRGITEI........eeeeveeeeee ettt e e e ee st ae e e e e es s st aaaeeesesensssssseressesenaas 53
3.1.3 Motivating and involving Project MEMBEIS............ccoevvuveeeieeeeeiiiireieieeeeeiisiiveereseeeseeens 53
3.1.4 ProjeCt deIQY......cccooeeueeeeeeieeeeeeeeeeee ettt et e ee sttt e e e sttt a et e e e e e s e e e eenaa 54
3.0.5  PrOJECT THSKS wvvvveeeeeeeiieeeeieeeeeeeeeeeeee e et ee ettt eee e e e e e st ae e e e sessstasaaeaeevaeeeenssssssereseenesses 54

3.2 PROCESS IMPROVEMENT ROADIMAPS. ..ccctttttiettieretereteteteetetetesetesesesssesssseeeeeseseresereseseteseesseseesssanes 55
I R o D10 oo [o [ 1o o BRSPS PPPPPRIT 55
3.2.2 DMAIC—OAAMOP....ccceoeiiieeeiiiaeeeieeeeestte e e ssitee e ssitteesstea e e sastaesssssesessssssnaessnassesesnas 55

4 CIMM LEVEL | — CREATING A SOLID FOUNDATION.....ccccuciimecrtmeirenncerenserensnerenssesensessnnnens 56
4.1 PROFESSIONAL WORK ENVIRONMENT ..cettttuuieeeeeeetettiiiiieseseeeeenansssnnssssesssssnnassssssessssnsssnnnnesessanns 56

v B R Y i =0 j ol -2 TSP PP 56
4.1.2 55=00N 0 COMPULEEE ...ttt e e e ettt 57
I BN Vot 117 14 [+ U OO SUS 58
4.1.4 55— GEMBDA WAIK........ooeeeaaeeeeeee ettt ettt e e e e ettt a e e et s e e e e e e e e aaa 58

4.2 STANDARDIZED WORK .ettttuuuuaseeeeeeettrusuueaeseseeesenusssnnsessessssssnssesesssessnsssunassesssessessssnanessessssnnnns 59
4.2.1 Standard Operating Procedure — Paper plane folding................cccoeevuveeevcvveseniciveeannnn, 59
4.2.2 0N POINE IESSON ...veveeevieeeeiieeeeetie ettt e et e e st e e et e e e sttt e s ssateaesessssssaasssssseseanas 59

4.3 QUALITY MANAGEMENT tttttuueteteeetttttutuuaeseeeeeteettsanaseeessssunsasseseesssmsmsnasseseesssesssnmanesseesesnns 60

4.3.1 Effective process CONtrol MEtROMS ...........ccoecuvveeeesiuiiieesiiieeeeciieeeesieeeesieeeessireeesane 60



5

CIMM LEVEL Il - CREATING A CONTINUOUS IMPROVEMENT CULTURE......c.ccccceeeereennnnnnees 61
5.1 VISUAL MANAGEMENT L.uuutittttetittittiiiaeeeeeeeetttttsuaasseeeeesesunsseseeessessssnnasssssesssensssmnmiessesseseeensnnens 61
5.1.1 Visualization in the WOIKPIACE ..............oeeeeeeeeieeiiiieesiieeesiiee ettt svaa e 61
5.2 PERFORMANCE MANAGEMENT .ettttttuueeeeeeeertttssuuneseeesesssessssnnssssssssssssnnssessessenssssnnanessssessnsesssnns 61
I B 01 Ty Lo X 6 ol -SSR 61
5.2.2 ROOL CAUSE QNAIYSIS ....evveeeiiieeeeiiieeeeieite ettt ettt e e sta e e st e e s s ste e e e s nsssasesssees 61
5.3 BASIC QUALITY TOOLS. .. ueietieetietruriiiaeeeeeeertttusanassesaeeesuunaesessesssessssnasssssesssesessmnmmeseessssesensnsens 61
5.3.1 Affinity diagram — StUAENTES ..........ceoveueveeeeieiieeeeeiee ettt ste e sstee e e s sraa e 61
5.3.2 5-Why technique — Problem SOIVING.............ccccoeeeuueeeessueieesiiiiseesiieeesciieeessiiea e s 62
5.3.3 IShikawa — PizzQ COMPIQINTS........vveeeeiiieeesiieeeeiee ettt ssvte e s sraa s 62
5.3.4 Cause & Effect — BaKiNG PANCAKES ..........ccccuveeeereiuiieeesiiiieesiiieeessiiieeessiiesesssisesaassssnes 63
(ol = PP PTPP R UPUPPPTPPIRE 64
5.3.5 Scatter plot — EIECErONIC SYStOM ....ccccuvveeeeeiiieeeeiieeeeeieeeesita e s itee e ssiee e s s ssaraaessees 64
5.3.6 Pareto chart — Customer SQLISFACLION ............eeeeveuveeeeeiiiieesiiieeeeecieeeesieeesssiree e 65
NG AV = 1o Tallol o To T Al 60 T o o o SR 66
5.3.8 Bar chart — TOP 2000............uuveeeeieeeeeeieiiieeeeeeeeeessiiiissesssseseississeesssssessssisssssssssssssesmmsiins 66
5.3.9 Bar chart — CPU2000.............cooeeueeeeeeeeieeeeeeeeeeeetttaeeesttta e e sttt e esesaaaeesssas e aesssssaaesssnees 68
5.3.10 Pie chart — FIashlight ProQUCEION...............ccceeeeeeeviveieieeeeeeeiiieeiieeeeesesiiseeiesseeeseenenins 68
5.3.11 Time series Plot — COVID—CASES........cuuueeeeeeeeeeeeiiiireeeeeeeeiesiiiseeeeeseessssiisesessssesseennsiins 69
5.3.12  Time Series Plot — MEATDAIIS..........cccuveeeeeeiieeeesieiieieeeeeeesesiirieeeeseeessssiseeeesseseseenesins 69
5.3.13  HistOgram — MEGLDAIIS ..........oueeeeeeeeeeeieeiiiiieeeeeeeiiieeee e eeeesieeeeseeeesstiasveeesveeeseenesians 70
5.3.14  HiStOGram — WEIFOIe .........uuveeeeeeeeeeieieeeeeiieeeeeeetieieeieeeeeeesssiaseeeseseesssssssssssseesssensssins 70
5.3.15 BOXPlot — COffEE POUS (OB)...ceueeeeeeeieeeeeeeeeeeeeeseeieeieeeeeeesesiiveeeeeseesssssisseressssrsseenesins 72
CIMM LEVEL Il = CREATING STABLE & EFFICIENT PROCESSES.......cccccotttuuiiiininnnciniennnicnnens 73
6.1 PROCESS IMIAPPING ...cetteteetieiiiiitettee e e e sttt et e e e s e s et et e e e e e s ansre et eeeeesannnreeeeeeesssannsnnrrnneens 73
6.1.1 SIPOC — BAKING PANCAKES ......cooeervreeeeeeeeieeieeierveeeeseesisiisseeeesseesssiissssessssessssisssssssssssses 73
6.1.2 Flowchart — FIashlight ProQUCEION ..........ccccevuevveeieeeeiieciieieieeeeeessiiieeeeeseeesssiiseassreeseens 73
6.2 PERFORMANCE METRICS.cceeteeiiuuureereesesasaunreeetesesssasnsreeeeeeeeessssasansenesesessassanseseeesesssasansseneessenes 74
6.2.1 Takt time — FIaShlight ProduCtioN .............ccceeecuveeeesiuiiiiesciiieessiieeeesieeeesteeessessieee e 74
6.2.2 TAKE LM — FINES ...ttt e e e ettt a e e e e e sttt aaaaeaaaeeessssssasaaaaenas 74
6.2.3 LEAA tIME — LELLEIS ...ttt ettt e e ettt a e e e e ettt a e e e e e e e e e s sssssasaaaaeeas 74
6.2.4 First Time Right (FTR) and Rolled Throughput Yield (RTY).......cccoueeeevveeeeeiieeeeeiivenann, 75
6.3 VALUE STREAM ANALYSIS. . .itiitetttiutuuaieeeeeeeetterusuiaseeesesseemsnsesessesssesssnmessssseseseressmmmmesessesssnnmmnnens 76
6.3.1 Three M’s QNd IGAT WASLES ......ccccuvveeeeeiiieeeesiiieeesiieeesite e esite e e esitaeessitaa e e e ssssaeesses 76
6.3.2 Waste identification — LOGiStiCOl PrOCESS...........ueeeecuvvveesiiiieessiiieeesiiieeesiiieeessiineeenns 77
6.3.3 Process FMEA — Baking pancakes (OB)...........cecuueeecueeeiueeesiiieesieeeieeesissessseessssessssnens 78
6.3.4 Poka Yoke — Practicl @XAMPIES...........ccuueeeeeeeuveeeesiiieeesciieeessiieeeessieeessiieaesssssieeesnns 79
CIMM LEVEL IV — CREATING CAPABLE PROCESSES .........coittmuniieriennncereennnceseennsneessennnsenens 81
8 R 111 1 Y 0T PSP PP TPRRR 81
A O Yoo | (= V=X SR RUTPPRRPTN 81
A B Y/ I=Te o e T Lo gt Tt o T BRI 81
7.1.3 Variance, standard deviation and range (OB) .............ccccvueeeeecueeeeeiieeeeeeiieeeeeiiveeeaaeans 81
7.1.4 Probability theory — TOSSING AiCE (OB) ........uueeeeeeeeeeeeeiiireeiieeeeeeisiiiereeeeeseesssiisseesvseeesees 82
7.1.5 Probability theory — Vase With marbles (OB)..........ccccevvuveeeeeeeeesiiiereeieseeesiiiiveveeseeneeens 82
7.1.6 Population VErsus SAMPIE (OB) .........eceeeeeceieeeeeeeeeeeeeeiiiieeeeeeeeeesssiisseeeseseessssissssssseesseens 82

7.1.7 Measurement procedures and SYStEMS (OB) .........ccoeeeevvveeeeeeeeeieiiirvreeeeeeeisiiiirereesseenenes 82






How to use this book

Many excellent books have been written on Lean and Six Sigma. However, just reading the
books will not give you the skills to use the techniques successfully. You can develop these
skills by making exercises. This book contains 60 exercises and rationals and is therefore a
valuable addition to any theoretical Lean and Six Sigma course. Even experienced Lean Six
Sigma specialists can use this exercise book to improve their practical skills. Finally, this
book is useful for trainers and teachers who provide training within their own organization
or in education.

The structure of this exercise book is based on the 'Continuous Improvement Maturity
Model' (CIMM). CIMM is an open standard which is maintained by the Lean Six Sigma
Academy (LSSA). This framework describes the process of continuous improvement from
the initial phase to the delivery of products and services at the level of ‘World Class’. The
CIMM framework connects the different methods and encompasses the most commonly
applied techniques in the field of problem solving, continuous improvement and new
product development.

This exercise book is a supplement to the textbook ‘Climbing the Mountain’ by H.C.
Theisens. Together, these books form the basis for developing yourself in the beautiful field
of problem solving and continuous improvement. This book contains examples from
multiple sectors. However, all exercises can be made without having prior knowledge of a
certain sector.

To make the exercises in this book, sometimes Excel is used. The data files required for the
exercises can be downloaded from the website of the LSSA: www.lIssa.eu.

If you only want to practice with Lean, it is sufficient to make the exercises in chapters 1 to
6 only. Six Sigma topics are covered in Chapter 7. The exercises that only need to be
completed by Orange Belts are indicated by ‘(OB)’.
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1 World Class

1.1 Continuous improvement
1.1.1 History of Lean and Six Sigma

Various methodologies are applied within the process of operational excellence,
continuous improvement and new product development. Each of these methodologies has
its own origin, principles and field of application. These different approaches are combined
in the CIMM framework.

Briefly describe the origin of the following methodologies and their field of application:

a) Kaizen.
b) Lean.

c) Six Sigma.
d) Agile.

1.1.2 Lean principles

Liker describes 14 principles that are applied within Toyota. These are divided into four
sections:

Base your strategy on a long—term philosophy.

The right process will produce the right results.

Add value to the organization by developing your people and partners.
4. Continuously solving root problems drives organizational learning.

wnN e

5 of the 14 principles are summarized below:

® Base management decisions on a long—term philosophy, even at the expense of
short—term financial goals.

e (Create a continuous process flow to bring problems to the surface.

e Build a culture of stopping to fix problems, to get quality right the first time..

e Respect your extended network of partners and suppliers by challenging them and
helping them improve.

® Go and see for yourself to thoroughly understand the situation (Genchi Genbutsu).

a) Discussin small groups the meaning of these principles and which of these principles
are present within your own organization.



1.1.3 House of Quality

An organization’s strategy can be visualized by a ‘House of quality’. The roof of the house
visualizes the goals of the organization. The foundation of the house describes the values
and principles as well as conditions for continuous improvement. The house has two pillars.
One pillar is about optimizing the process and the other pillar focuses on preventing
quality. The center is about the culture in the organization.

a) Draw a House of Quality on a sheet of paper or whiteboard and name as many
elements from your own organization as possible.

1.1.4 Eight types of Waste
Within Lean, identifying and eliminating waste is one of the most important activities.

a) Name the eight types of waste.
b) Name at least one example of your own department or activities per waste.

1.1.5 CIMM-framework

The Lean Six Sigma training aims to teach all employees how to recognize opportunities
and how to work on improvement in a structured way. It's about the continuous, never—
ending, process of eliminating waste and improving the quality of products and services to
be among the best in the world.

Lean originated around 1950 within Toyota. A definition of Lean is difficult to give because,
in addition to Toyota's own ideas, it is also an integration of a number of philosophies. Six
Sigma was developed by Motorola in 1980 and later became known for the successes of
General Electric

a) Within your group, discuss the differences between Lean, Six Sigma, Kaizen and
Agile.

b) Indicate which techniques are applied in your organization at the different CIMM
levels.

11
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1.2 Customer value (VOC & CTQ)
1.2.1 CTQ - Nursing home

The residents of a nursing home complain to the director that the nursers have so little
time for a simple chat. The director checks with the employees whether this is correct and
gets a lot of irritated faces. They shout: “We have to keep track of all kinds of things and
that means we don't have enough time for the real work. We seem to work more like an
administration office than in healthcare”. The director decides to do something about this
and wants to reduce the administrative burden for nursers by 20%.

a) What is the CTQ of this project?

1.2.2 CTQ - Implementation organization

A government organization receives many complaints from inhabitants calling for
information. In particular the complaint: “I am being sent from pillar to post” is an absolute
pain point. Further research shows that it is indeed common for customers to have more
than one contact with this organization before the correct information is provided. The
director of this organization decides to take action and starts an improvement project.

a) You as a Belt are asked to lead this project. The director asks you to define the CTQ
for this project. What is your proposal?

1.2.3 CTQ - Ball bearing on shaft

In an assembly process of a lawn mower, a ball bearing must be mounted on a shaft at
some point. It turns out that many problems arise here, because sometimes the ball
bearing does not fit on the shaft. It is not clear whether the problem is the diameter of the
shaft or the diameter of the ball bearing.

a) You as a Belt are asked to lead this project. The director asks you to define the CTQ
for this project. What is your proposal?



1.2.4 CTQ-Flowdown - Baking pancakes

This weekend you have a children's party. You have decided to start baking pancakes for
all the children. However, children have high demands that a good pancake must meet.
They like a warm, tasty, baked and good looking pancake. It is up to you to work this out in
a CTQ Flowdown.

The first step is to derive an external CTQ from the cumbersome text above. Subsequently,
each external CTQ must be translated into one or more internal CTQs. Answer the following
guestions:

a) What requirements must a good internal CTQ meet?
b) Translate a number of external CTQs into one or more internal CTQs.
Draw up an operational definition for a number of internal CTQs.

1.2.5 CTQ-Flowdown - Hotel room

A hotel has asked its customers what they think is important for a pleasant stay, which can
in turn lead to a good rating. This resulted in the table below.

ltem Score Element
Check In/Out 21 Speed
Friendliness
Bar 7 Opening hours
Offer
Friendliness
Elevator 6 Speed
Size
Availability
Room 34 Dimensions
Cleaning
View
Internet
Television 10 Number of channels
Screen size
Usability
Bed 15 Size
Hardness
Internet 7 Speed
Availability
Cost

Total 100

a) Make a CTQ Flowdown of the two most important topics. Make up your own mind
about the measuring frequency and the priority of each element.
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2 Policy development and deployment

2.1 Policy development
2.1.1 Mission, vision and core values

The mission describes the reason for an organization's existence. The vision describes the
objectives of the organization. Core values reflect the values within the organization.

a) Can you describe the mission, vision and core values of your own organization,
without looking them up? Do you think your colleagues are able to easily identify
the mission, vision and core values?

b) If you have difficulty answering the above question, please indicate why you had
difficulty with this.

2.1.2 Competitive strategies

Treacy and Wiersema have described three generic competitive strategies that help
organizations to develop an appropriate strategic and operational plan: Operational
Excellence, Customer Intimacy and Product Leadership.

Product
Leadership

Customer
Intimacy

Operational
Excellence

Figure 1 — Competitive strategies

a) Indicate to what extent each of the mentioned strategies are applicable within your
organization.

b) Which competitive strategy is most important to your organization and why? Will
this remain the case in the future or would you like to change this?



2.1.3 Cost of Poor Quality

Feigenbaum divided quality costs into visible and invisible costs. He stated that visible
guality costs are easy to identify and measure, while invisible quality costs are difficult to
identify and not easy to measure. The metaphor for these visible and invisible quality costs
is an iceberg. Only a small portion of the cost is visible, represented by the tip of the
iceberg, while the majority of the cost is invisible and hidden under the surface of the
water.

Waste

Rejects Testing Costs

Rework Inspection Costs
Recalls

Transportation costs Defects Inventory Costs

Motion Costs Waiting Costs
Under Utilization of Employee Skills
Over Production Costs

Excessive Employee Turnover
Low Moral of Employees

Over Processing Costs

Expensive Over Time

Figure 2 — Cost Iceberg

a) Describe a number of examples of visible costs within your own department.
b) Describe a number of examples of invisible costs within your own department.
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