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Executive Summary

In order tn achicve brealahrough quality improvement and make substantive movement eoward Six Sigma,
it will be necessary o identify, sclect, and gain a cadre of broadly-cxperienced individuals in the Six Sigma
wols and methods. This must be accomplished If true enlmral change is o occur and the uislte
knowledge and skills to suppart such a changs have an adequats vehiclo from which 1o be erred 1o the
business unit community. This paper describes & framework and process for the selection snd ruining of
Six Slgma champions. Thero is a distinct, yet highly functional classification of champions. The
classification hierarchy is characterized by Black Belis at the top, followed by Green-Belts and Yellow-
Belws. This paper will focus on the Black Belis

The Black Belts are a cadre of highly motivated indlviduals from various disciplines who, when adsquately
uainedandmhniraﬂywppmd.mmaschangcapmu, internal congultants, inol mentors, and Six
Sigma champions, They arc the paradigm shilters withun an arganization. They stimulate management

. thinking by posing new ways of doing things, challenge conventional wisdom by demonsrating successiul

application of new methodologies. seck out and pilot new tools, create innovatve swalegies, and davelop
others to follow in their footsieps. The Black Belts can speak the language of management (&.g., money,
lims, organizational dynamics, étc.) and the language of individual conuibutors (e.g., implementation
dealls, quality wols, statistical 1echniqnes, problem solving methods, etc.). The Black Belts cany a very
high level of peer respect and are clearly seen as leaders — They manage risk, set direction, and lead the

way 10 breakthrough Improvement

A new program, the Six Sigma Technical Instituis (S5T7) i8 reccommended a3 @ vehicls for instituting a
buslness unit and corporate level infrasmucnure focused on Six Sigma excellence. Tho SSTI program
clasely parallels the successful Molorola Mansgement Instinate (MMT) format, but will sslect technically
erieniad personned from a wide amay of disciplines. Graduates of the pragram would then be cestified as
Six Sigma Black Belis.

To iniliate tha pgradigm, the buginess unit management selects the Black Belt candidates, Nex, the
candidaic is assigned & management spoasar and mentor, This step enswres the candidate will receive the
necessary suppan during and after ths development eycle. Following thig, the eandidaie ansnds the SSTI
program. If the candidate is not well-versed in statistics and the related broakiwongh strategy, then SSTI-L
would be the firs sicp; otherwise, SSTI-2 would be the point of deparmure. It should be recognized Ihat
SSTI-1 s specifically designed o provide the candidato an in-depth overview of the Six Sigma
breakthrongh sirategy and tha necescary tools and methods 1o bs nsed. SSTI-2 provides the candidate with
the “sofl® giilly ggsocinted with the design and implementation of speceseful cuingal change, as well as
thase skille necessary for effective consulling,

g
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Section 1.0: Introduction and Overview

In 1oday’s world market, the ever-increasing demand for exteplionally high-quality products and seevices,
at lower cost, has forced many corporations 1o view product and service quality ns & major business issue.
It ceniainly appears that this trend will continue well inwo the fulure.

In order 1o meet this expanding challenge, many business unils have esablished Toml Customer
Satisfaction s their fundamental objective. To achieve this objective, they arc embodying a wide aray of
operational initatives. Some of those initiarves are cycls-ime management, ol quality management,

statistical process control, flexible manufacturing, design of expesiments, and design for manufacngabillry,

Just to mention a few, A relatively new and sccepted performance target for such Initiatives is Slx Sigma —

3.4 pans-per-million defeciive. :

This paper describes 8 framework and procass for the selection and training of Six Sigma champions. The

framework It a distinet, but yed highly functional classification of ehamplons. “The classification hierarchy

is characierized by Black Belts ot the top, followed by Green-Balts and Yellow-Belts, This paper will focus
on the Black Belts. Recognizo that the framework is highly flexible and can be molded (o tho unique needs

and constrainis of virually any business unit without compromising the overall integrity and intent of the

sysiem!, ;

Section 2.0z The Three Vital Questions

One of the lessoas Jearnad by Moiorala snd otber corporations parsuing Six Sigma I3 relaied 1o effective
implementation.  After carefully sudying those business units which have discovered the secress 10

successful implementation, a universal reality emerged. That reallty can be best undessiood by eonsidering
the answers 15 threo distinct, but interrelaled questions®:

Qusstion 1: How can a business unit, rgardless of size, product, service, production volume, or product
mix, Jeapfrog its way o tho Six Sigma goat in a relatively shon period of time?

Answer 1: Experience has shown that successful implementation depends on an inleracuion between the
following prin¢iples . .
s Highly visibla top-down manogement commitment 1o the inltlatives. Paople must perceive active leadership
warsugy manapenent-ship during Iha courss of implementation.
* A magsurament sysiem (Meirics) bo rack the progress. This weaver accouniablllry into the initiashves and
provides a tangibls picture of the organization’s efforts.
+ Internal ond external benehmarting of the ovgondsasions prodicys, sarvices, and processer. This

informagion insvliably landt to & “significani emosisnal avaerd® A that the arpassarion can sss and
communieats s relathe poxition. Whan thlr Aappens. the orgonliction beging to gravilate toward a braok-

Brough phllosopky.

= Rench-ous goal seting (10¢, 100z, sic.). Such goals focuses peopls om changing the process by which ihe
work gets dong rasher than “tweeking® the grisning process, This leads so “leap.frog” rater of improvomant.

11t ahould be emphasized that & Black-Belt candidus naod not ba already expent in the wsa of suitistos. Ik is coly necessary
that the spplicant have the technical potential and leadership alts sequired 16 bacome & Black-Belt. There will bu empla
oppornumity fer some of the more advencod skills w be developed during the cartiBextion proccss and beyond,

2 This framowark [s o gonmral strocame for the sducational development and spplicailon suppart of Sin Sipma Bluck-Bekis

within business umits. Recogniza thas this famework can be resdily modifiad 10 best Gl the specifio needs wnd requizeninn
of ey business wit i

2
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» Provision of education ko all Lrvels of the organitation. Without the necessary mind Lools,
_,; iraugh imp -y , prople can not

» Suecess siovics which denonsirate how the tools of improvenend can bg applied and fAe pesults which oz
be achigwed.

.thluww&nﬂnﬁmmw&m - planning, feaching, A, and
consulting at oll levels of the orgaaiation. R s

Question 2: What Is noeded 10 instimitionallzs these principles?

Answer 23 Omumemplindpluuyndqxadbymmgmlhmkoﬂmpmmmnﬁmhm
squarcly on 1he shoulders of championt. Thcy are the ones on the forward edge of the baulefleld Their
lechaical pnd hyman relations skills can inspire and give people tha motivation they nead 1o “1ake the bex(
siep.” The champions are the ones who scquire and wansier the requisite knowledge. These individuals are
ceferred 1o as SIx Sigms Black Belts3, A Black Belt has many different skills. A Black Belt has tha ability
mwmkwi&miumumﬂbgmmﬁngﬂmdmmmmmmmhom
how w apply Six Sigma methods and 1ools within their respective discipline, and then effectively suppont
the organization back on the job. Tho Black Belt continually works taward institntionalizing the eflectiva
use of new wols and methods within their Line-of-sight in order o stcelerate the businesg vnit towerd
anainment of ity performance megic goal(s). In short, it may be said that:

o Tha driving nesd is 30 crease Toswl Castomer Sotisfaction
om;dhmsquﬁwwhﬂwaﬂhhm

o The road to thir goal s charactarised by performance breakthroughy
« Breakthroughs 7 initiated and lead by Six Sigma Black Belts
-mma»mamﬁrmms&.nmm

Question 3: What isrhenmh'uuﬁnunmadlmhmmmﬁmwmiﬁmmﬁﬂ

Answer 3: The process fos creating snd sustaining Black Beka is as follows:

Step 1: The business unil mumagement wakes 8 comumitment Lo broakthrough %;llhy fmprovement,
mﬁﬁuputummn-uiu.mduumh-mlp-l:q.lu;lwnShﬂml Bvary TWO yomrs

Step 12 mummm}ym&uﬂudnmldhwumlhmlhmmilhylmmmn
mnrics rrponing smcire.

Step 3t The business wnit managcment identifics key individuals who are of wehaically supporing
the argenization kn wrms of the resch-ous goals. Thass individuals me referyed 1o e Dlack Balts,

Stap & The Black Belt candidates ara sasigned 8 mansgoment spounses and & mentar. The sporgors s
msﬂlh.ﬂ&uﬂnnlﬂkhvihhhmmlndmuﬂhmhm&hhmm
hW‘iMﬂdWiMbMﬂyMnmm

Siep B: mmapm-nm..dlmmmmmumuim
rosponslbilitias and seleot 8 target process of spplication project; a.g., & procead or projsot which must
exporimce breakiiwough knprovament. The seleeisd process or project will be nsed as & basis of discuision
and Yemming during the Sis Sigma Technical Insdtus (SSTD) proprm of saady.

Bup & mwwwmamnmuMﬂnmmaumumsu
Sigma Tacknical Fastitas (S$TD.

3 4 Black Bal s m bxdividual who hax doveloped u synergistic proficiency botwen his sespoutive technlcal disciplina and
the Six Signa Rraegics, tecties, md toola, This individual will continpally work mevards instintanalizing the silective uss
of thesa wuls toughous the corporadon, i , end it suppli

-3
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Stap 7: The Black Bak condiduse enrolls in the SSTT programs, It is the responsibiliry of the cendidase and
mentor to establizh which programs should be sttended. This will vary dependin the candi oy
Inowledge and skl level RN Caoulidmes it

Step 8 The Black Balt candidate complaien the $5TI.1 and/oy SSTI-2 Af
comgiacion, e : . st P PrOgramas. er succpayful

Step 9 The Black Belt eatablishas 8 sneciing with thair management npn;uw. manuor, mnd the business unit
MENAZEMENt 5O 65 15 presmut their meatagy for il on.

Step 10z Tho Black Bek iraplesmerts tha struisgy sod documents the results n tha form of ¢ case srudy, The
spomasor shd meor provides suppont end guidence during e son of tha endsavor,

Section 3.0: The Black Belt Concept
3.1 The Driving Need for Black Belis

The driving need for Black Belus is related 1o the thres "T's” of successful implementation ~— Inspirstion,
Informasion, and Institmtionalization. If these things are not sccomplished, beeakthrongh improvement will
not be realized. The Black Belt infrastrucore provides @ bustoass anit with the ability oz

= Innipuionalize the effective uce of Six Sigme stuegies and tools tooughout the eorporation

= Extablish and develop Six Sigma Black Belis and Jocal Six Sigma resowmces within 4l bosiness and
davelnprment unils of the egypomtion

-mmwmmqnmmﬁmhum
« Trenafer new idass snd tachnigoe In a timely and efficiens miswner throagh the Black Bel

» Raigs both the stariagical and nonssdsiosl levels of expertisa of all Black Bels thwough malning,
worichops, end skills benchmardeing.,

© Promote the shering of jdeas, problerms, mccnssrs, and faflues amang all Black Belis
» Provida mots enifommiry ssross the corparation ia the wse of tha saategies and Wools

3.2 The Skills of a Black Beit

A wide aryay of skills are ofien exhibiied by effective change ageniy. Sinca the intent of a Black Belt iy
focused on organizational and proccss change (.e.. the arvation snd managemsnt of breskthrongh
improvement), it is highly desirgble that a Black Belt pogyesa the sama basic skill see. Thoss skills are
inclusive of, but not imited toe

4 1t is highly rocommended that the Black-Belt ba asdgned a menwor; e g, snother Black-Belt who hat had exiensive
experienca, ence has shorwy that tha effectivity of & Black-Bekt can be y echencod If tha person has o mesusr.
Resognizs that the menwor and managemernt sponsot perfoma different roles. bn ot to pey that Lha tey foles can not ba
paformed by the swma persoa.

5 Tha case stdy is prepared in 8 Renderdiznd format ax preseribed by the Six Sigma Resaach Instinte, Tha sundsrdized
format ensares consistency betwem Lhe given cass paidy mnd thoss published in the Encyclopodia of Six Sigma Apphcasians
(Addison -Wealey Pablishers). Aa may be spparmnl, this It required pinca tha given casn prudy may bo scceptad for
publicasion in that the Encyclopadia of Six Sipms Applications is & living document; e, it can be sddod 10 over tine. Tha

stzndgdized (onnat is given in the Avthor's Kit and s aveilable theough the Six Sipma Research Tutitute, Tachnieal

Putlicmtiong
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o Technical ¢ Empathy * Adtive Listening

* Swtistica] o Inprpersonal o Software
* Lesdosaip » Problam Salving > Computer Lieracy
= Coaching « Peeiliztion » Negodacion

> Communications * Process Mipping » Communicatian

+ Insoruetional : = Presentstion « Saleg

= Team Week * Mmnaging Divemity * Project Munagement
= Business Litzracy . * Report Writng » Ovgwzananal Skilly
= Mentoring - Consulting * Motiveson

3.3 The Roles of a Black Belt

As previoualy siaed, 8 Six Sigma Black Bell is an individual within the business unit who displays a

Synergisuc proficiency betwoe their respecdve discipling and the Six Sigma srategics, uctics, snd ools.

Pethaps the roles and respongibilites of a Black Belt can be best underswod by the following
Satics :

= Tha Black Baits are a eadra of individual contribuzars from various discipling oreas which, when
odequasely pained ond nupporied, can 3erve o ehange agents, inernal congslianss, iool
maniors, and Six Sigma champions. i
.mawtsmmmwu:ﬁmunm“gmmbm,mmmb
posing Rew ways of doing 3, challenge comventional wisdom by demonso@ing successiid appliestion
mmmhz-auwpm“mumqum.mmmum
in thair footstaps.

s Ths Black Balts can spaak the longuage of management (v.g.. mongy, ibme, organisational dynamics, exe.)
and mlﬂ(lm?w mﬁﬁrf:.g,ﬂhgmm;mﬁym.uﬂhbd -

Ll T o

* The Black Beliy carry o mﬂ;khdq’mmmd&a elaarly seen ax leadsrs «« They mongge ritk,
361 dlreenion, prad lead 1k way 10 breakihrough improvemani,

In addidon, tha Black Bek must perfarm several critical funcrions within a business unit:
» Mentaring to Grasn Balis 30 ax o cubtivate 8 heswork of locad Six Sigma champion.
* Taaching Grean-Bulis gnd local personnal in new gralegiey and 1ools,
» Coaching Green Delts one-on-ons support 5o local pevzonnel.
» Trensferring naw surasegiay and icols trough eraining, werkshops, casr studies, local sywpasls, ate.
«Di R application cppertunities for Six Sigma seagias and tools, boch intarnal and exiemal
(ege 5 nd Custaanerg),
+ lderu {fying narw businass opportmisies through partnerships with olhar organlsaiions.
* Influencing manangensnt (laiernal, cusiomnsr, and suppliar) on the wse of Six Sigma sranagias and tools.

Thus, Black Belis serve in two major capacities:

» Lzad gnd direct the inplemeniazion of Siz Sigma tanls and applicarions ar the business anil leval 10 sobve
imumasdiae problems, ax well as devise and wxecuis plans for breakthrough qualisy improvenent.

» Fecillicte ar thﬂ.--d&w#m-iﬁm-ﬁﬁ:nﬁh;m
Jor use ar tha wmit lavel trd provide for the training of athers bn thi uss of Six Sigma toals and
methods. A-&Nanlhlhdm’tmmhmb.m.mdpmfaﬁaﬂsdhoddbh,uk

products o services off ared by Moatorola Undversisy,
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— With this approach, the business unit can mpidly develop and propagate bighly-focussd, site-speci
knowledge in s low cost manner. Ulimately, this will accelerate the ld!icv:menl of breahsf;.:;‘gi:
improvement and lead the way 1o Six Sigma Quality within the business unir.

3.4 The Black Belt Development Process

As proviously discussed in scction 1.0, there i a distinct process for developing Black Belts. The process

. is graphically displayed in figure 1. It should bo recognized that the process is highly flexible, but retains
{ha capability o ensure consistency with respert 1 cemification. Becanss the process will be utilized by
several different eorporations (with global operarions), Sexibility is a key requirement. It is key in the
sense thar various logistical and administrative constraints prohibits the uss of a benchmarking and
tracking system, relative to any given Black Belt's akills and knowledge®. Therefore. Black Belt’
cenification must oeeur after the SSTI-2 experienca,

Figure LSrnnpdleflheBlp:kM Development Process

Por these reasons, it is imperative that each Black Bclt candidas be assigned & management sponsor and
mentor, Along with the Black Belr, the business unit sponsar and mentor must ensure that the highest
uwldsewdsmlmﬂpﬂmmﬂmwnmm&gmmmwwmm Remember
that the power of 8 Black Belt depends heavily on pees recognition, just like sny other leadership position.
Consequently, it may be said that if some aueeops is mads 10 *short~circnit™ the System, the business unit
suffers, 33 well as the Black Belt. Therefors, it Is in the Interest of all to maintain process integrity.

Section 4.0: The Scope of Belt Development

discovers that the supporting infrastrucnire ix nsafficient. In such cassy, the general mratepy ia 10 hopa that
cmmpmwin'hubbbup'mddﬁumdrmm Obviosly, a business ynie shoyld not undertaka
guch a strategy, regardless of itx intitive or cost sppeal, Doing tho right things the firsz tme directly
translateg 10 creating & highly effective infrastmcrure. The general scope of such an infrastructure can be
best summarized in the following mannse

6 This point ia emphasized owing 1o the fact that tha Blsck-Belt candidams aniter the curtificaion cycls with varying
Jnowledge and ekl Henee, the nood fir cartificason flexibilicy. B tan, this keads 10 the noed fov 4 elf-monlicring follow-
on sysiem. Tha Blsck-Bolkk developmant procass is a frameweork, 1ot m all cocompaning sct of requiremens. kisa
caulyn for initiadng an infrastracasy within & businesa unit. 1f the buslnsss unit pricridzes end mupports the spit of tha -
procest, the ouscome will b favorable. s

.-
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4.1 Black Belt Training

- « TA aim IS L6 ereais wedmica] Insders, advancad uzeey, and teachers of the Six Sigma wools and methods.
These individuals have the potential to predica highly eredible break-through success stories and than
subrpquendy oransfar thase e hods, techniques, proceduras, and toals 1o GreonBeliy.

v The focus {s on developing on in-dapth undersanding of the Stx Sigma philatophy, thaory, and applisarion
sacticy, ar well ax edvanced applioztions in the areas of dascriptive siaristics, inforaruial sarisics,
norparameric amissice, quontliadve benchmarking, procuss controd techalquer, procsss diagnosiic
mevhody, axpariment design, as wall oy or ganlsarisaal/group dynamics and ths changa process.

« The intant i1 10 implant paople within FAs organizasion who can; o) affectively davalop and lead Grasr-
Belis, b) work wizh and advise monagement on ths formulation and yubsequent implameniation of
improvemaeny plany, gad e) whiline the Six 5igma 10ols and mahods.

= The sa7 gt population for Dlack Bt treinlng ix characierized by thoss individuals who are ighly ragardad I
within sheir raspective dizclpling ared or lins of work and are also eatively involvas in the provess of
o panisational change ond developmend,

4.2 Green-Belt Tralning

o The ain ir 20 cracze veems of satistien and frxdamental Siz Sigma mathods. These individsale hove
Mdﬂﬁy“naﬂtbmmmmmmnmwmwﬂmj.

.m;mhnmh”mmmmmaniﬁa.mm
Wmﬂm oeathads, as wall az an in-depth underpending of Six Sigma concepir and
o -,

o Tha intent Is 10 implaat poople xrithin the arganization who can demonsvate credible eppllcation of the
toois gad also effecsively lead gmall prodlem soiving tecms, a5 well as provide for the directlon,
devalopmant, and smpport of Yellow-Belty.  ~

« The korpet population for Graen-Beks rrainiag iy bast characterised by hose ladividuols wha hava an
aptiruds for satisticy gnd a sveng inlerest # making braakihrough improvonent happen. Grass-Belt
training shoald b mads availsble to a foirly limiied numbse of individuals. A partlan of the Groan-Balts
hmmmwwpmwmnmdaa siahug.

4.3 Yellow-Belt Training
» The aim is o create siatlstical lieraey: 5. prowiding the participanes with the languags of siarisilcs.

= Tha focus ls an basic siatistics, flmdamgnial =% sigma concapts, procaxx control lechnlquas, infroductory
exparimand desigR, and Loty of success Sories.

«Tha indent is 1 lnsplve the perticipants e the wead for and means o achleva broakihrough inprovenand,
o The tav get pepalation for Yallow-Bels srairing is bas charecurized by those inllvidualy who particlpata ovs

a bregkihrough om or operazionally inkeract with puch a eem on regular basls, Yalow-Belt walning
shaald ba made svailghle 1o 0 wida axray of sechnical, operailons, end managenent

4.4 General Training

o« The sim if 1o creots an wndentanding of Sit Sipma and buic suriatics, ar will ar @ conespaual bnowledge
of procesi control.

» Tha focuy s on elemeniary satistlcs, basic siz & gwa concipy, fundamentol pracasy conrol sechriquer, and
Loty of macowsz Sariee.

» Tha (2w iy 19 inplre ths participants on the Reed for and means to ochicws breakihrough lmprovenaot.
» Ganared tralaing should be smade availale to oll those indlvidualy relatod 1o the salacted procwsy who
ot sadacted for the bl devalopsend prograse. \

v e
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Section 5.0: The Belt Development Curriculum

5.1 Extent of Training

Tabls 1 provides & gencric training model of the course titles and classroom time commitmenis? for each of
memimuuw,mmdbmm.qwnnmmwmmhwmummwn
development program (gencral), bot participating in the breakthrough improvement process. As may bhe
sppumt.umniﬂnsmodd isdesigmdtnanmahmd:lul wmﬂunyappﬁnnaninﬁmmwmﬁn
a business unit. ‘This particular m&mmo&lﬁnpovikmemmmwlmmmrymm:mu
10 technically supponia bseakthrough initiative.

Appendix Acuminsaduaﬂedmoduhrhulndnw of the listed couryes and programs. Appendix B
mmunmmldcmﬁpﬁwofumm Recognize that Table 1, in addigon 1o Appendices A and B,
constiruts an cducational framework. “The intent is to define the knowledge and skills which & Black Belt
mustuiﬁml:lypumiuaﬂnlohudteuiwmwjob. )

mwummmmmhmhmummﬂdmuammmm»mmhmm
hmwladgem;ﬁnsinmhﬁmmmuofnmnddu'rypimrﬁhdad;'. Also recognize that the given
information was not as awblirary celsetion — it was compiled afier extensive research and exhaastive
interviews with highty qualified practitioners?. In shost, it is a proven model that will prodnes individuals
who are qualified 1o effectively and cfficicnty lead 8 business vnit in the context of 8 breakihrough
improvement initiative.

5.2 The Six Sigma Technical Institute )

“The Six Sigta Technical Instinuc (SSTI) ha%gdzemnwmdnmlywﬂkhmw
Momummmﬁmmamnmawmmmmmmmmmu
gnd management. Smhnmmmnufmmﬂﬁu.n_ndmbmumuy focus the analyticsl talent
withia 3 business unit in texms of implementing and yustaimng 8 quality breaktbrongh inidative. More
:pnciﬁmny.mlhinmmdm:

- Support the develog 1 of a corpo wide, hierarchicel eonsuling infrasmicture related to the
opplication of Six Sigma tools, mathods, pracilces, and procedures.

o Prapare Black Belts condidases a3 cul al ehangs ageniz by providing theom the skillz necessary 50
mdqaiwhdwudw.awﬂlHMDm“dmphaMmd
officiers marmer.

7 The surual clsisrocm Gme commilmen per year varias 1088 individuals snd argunizanions. For exumple, if u Black-Balt
mhﬂﬂm-l,mﬂIMhl?ﬁnﬂalh thersof, tha dme commitnent will be mors

‘mwhmﬁqwﬁ-mww&mwdhumm The questionnuire
quandtmively benchmarks .pm‘.cmq?:lmnmwn(mn;udmmmmmoruwm
wic.) in relasion to others. ‘The 10a] s effective u'mw:u-m;nnwmmmr For move information on
thia tool, contact tha suther, ’

? The praciioners wn from Motorola, Texus Instruments (DSEG), Kodak, Digital Equipment, Asca Brown Boveri,
hmﬂhmmﬂhstﬂmmwlmnnﬂuhldmm. Abo recogniza dus
mmm«.mmmnmuuw-ﬂummwwmwp
Wead (Mowrols). msmﬁmwm;dymﬂufuynmwhﬁlmnwd! s the SSTI

curriculum. AMmdmﬁm&heﬂwﬁamhdﬂnmmufﬁmqmm‘

TCIOUTCRS .
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s Provide Black- and Green-Beli candidater an in-depth overview of the sraisgies, Sacties, tools, angd
muihods they must becomd familior with in order to support on-the-fob gpplication and congulling effores.

» Halivate the participont and encourage other individuals 10 join the Six Sigms Black Bel cartifleation

progrom. ]
* Provide a cross-functional ferum for ths pr tion and mubaeg disexgylon of exrrantlfurura analydeal
arpanitational itsues pertaining 1o nuch topics er: .
- ewltural change - process opimivanion
« efective conpuliing = syl wnalysls
= conowryenl engineaing - oftware opimization
- robust dezign - BNUTOEY
- yeal-time procass congol ~ service analyss
- Machina charscterization ~design simulasion

* Prowida a plasform from which wuwmmmmvmqfhhw:hmp{
paradigms and the organizarional soucturer required o support such changa.

© Provide & real-lime loboratory experience whick models the product design and manufeciwring
eviroament via the Black-Box Stmulsiar Systam {0,

= Provida the candidaie an opporiunity ro develop @ neswork of individuals pursuing similar gosls and

Some of the benefils of the SSTI program for the business unit and candidate are inclusive of, but not
limited 10:

= Enlighterunent on current snd future technical isaies

= A renawal expariance which promotes ntamal reolve

» Carvee ahancemant by developing hard and ok skills

* An oppesnanity 10 develop and solidify s Black Belt narwork

+ Provids a window into common creasfanctional ectivitics

+ Sayve m8 & oonduil for Inteducing leading adge ol and methods

« Enhanco problan solving leadenship akills wnd sechniques

= Increasad the Yikelihood of 5iz Signa implamantstion

» Provide & formalizod means 1o wp snd focus the residars sk bass
* Understand bow to implement an nltiative crosafunctionally

= Galn invight i knowledge rpuse ecross business units

= Provids s platform fer commmicating and rupporting corporals goals
* Savo a8 8 mosns for upgrading the skilly of meppliers and koy customens

ﬁﬂimhh@uﬂhﬂhhﬂuﬂmkhﬂm—“%hv@mmu.@h
2 and 3, respectively. Tho agenda for the {irst eomponent, $STI-1 is displuyed In table 2. particular
component Largets the Greea-Belt eandidates and those Black Belt eandldazes requising sn Instructional
grounding in insermediate through sdvanced satisdes!l, The program focuses on an in-depth technieal
ovarview of Slx Sigma principals and praciices, 3 proven quality breakthrough sirategy, and e supporting
analytical inols necessary o reallze the reach-out quality goal(s). Each of thess aims is set in the contaxt of

10 Tha Black-Box Simula System (s 8 sofrwses progzam which can bs reedily esofigured o emulate @ marmfacnring
procoss, The softwere displays & "conurol pansl” which congists of n mumber of Imobs, dials, snd swriches, ne welk o g data
dizplay window (for hissgrams, conirol charta, eic.). The user would employ the simulator to discover bow the various siz-
sigma wals mmdmmmmmmmmwmhuuwmm«
Mmmhﬂmcwhmmdmmmnwhwhmhmny
hmﬂnmcumbﬂﬂ&vhmwmdmwﬂnmlni:mu,hnudh:m
purposcs suck 58 a rogd 1ns machine comurel devic or as » modaling/prohlets.sobving tool

11The oxnct mniry bevel can bo readlly determined wing & prevan questionnaire coupled with an on-site Inwrview. The
quastiannaite quantilasvely benchmarks s candidates’ curvent spplicarion siill Jevel (with regard 1o staristics, SPC. daignof
-mm)hﬂmmnmhmbmmuuauum}uwm

-9.
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- concurrent engineering and cross-functional euming o schieve Six Sigma designs, processes, software
- and services. Individualg eligible for ths SSTI-1 program will include angium: scientists, technical
professionals of all dln:iplmea and any member of management who must exerciss tachnical leadership.

Table L. Generic Tralniog Moded for the Six Slé:n .

Belt Development Initlstive
Course Title General  Yelow . Grees  Black
1 The Yision of Six Sigma: Level | 4 4 - .
2 “Tho Vision of Six Sigma: Lavel 2 o 4 . i
3 Six Sigma Technical Insutute: Level 1 . . 40 40
4 Six Sigma Technical Instimpte: Lovel 2 . v . 40
5 Basic Sutistics: Level 1 8 8§ g 8
6 Basic Statistles: Level 2 - . .16 16
7 Applicd Diagnostic Methods: Level 1 . 8 ] 8
8  Applicd Disgnostic Methods: Level 2 a . . 8
9 Statistieal Procesg Control: Level ) B B "B 3
10 Staristical Process Coutrol: Level 2 . . 16 16
11  Designof Experiments: Level 1 . B 8 8
12 Design of Experiments Lovel 2 a s 16 16
13  Undamanding Group Dynamics . . o 16
14  Effectivo Consulting Practices - . v 16
Total Classrooim Honfs 0 40 120 200
Table 2, S5TI-1 Program Agenda
Consecutive Days -
Time | 2 3 r L4
Session I Session 32 Scyslon s: Session 7 Sesson 9:
Core The Performance Disgnosing Congolling
Mormning Six Sigma  Breakthrough Merita Process Brocess

8:00 - 12:00 Conceps Strategy (continved)  Pefarmance  Performance

Sespon 2: Sacgon 4 Session 6: Sezyion 8' Sezsian 10:

Advanced Dewveloping The Optimizing Acton
Afternoon Siz Sigma Performancs Stience of Process Flan
1:00 - 5:00 Concepts Merics Benchmarking Perfommence — Presentanion
Action Aczian Aczion Acton Kay Note
Evening Planning Planning Planning Planning & Evening
6:00 - 8:30 Session Session Sessica Sesslon Dinner
«10-
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The s=cond component, SSTI-2, ig displayed in wble 3. This component 1argets the Black Belt eandidate
and docs not require any prerequisite guining, The program focuses on developing an awareness and
sensitivity Wowand the impact of change on the organization and at the individual lavel. In sddition, the
participant will diseover how 10 best plan for change, analyze change, establish vision and direction for the
tcam, and overcome management barriers. The partlcipant will also gain gemendous insight lnto the
elements of dynamic leadership,

Table 3, SSTL.2 Program Agenda

AR S EIE
) Eonsecnniu Blys
Time 1 i 3 ry L
Seszion 1: Session 3! Session 5: Session 7: Sesrxion 9
Campany Concwrrent Mangging Science of Acton
Moring of the Engineering  Crgunizational  Knowledge Plan
2:00 - 12:00 Futims Principles Change (A) Tiansfer Presentation
Sessdon 2 Sesplond; Segsion 6 Sersion 8 Sexgon 10:
New . Future Managing EHeciive Optional
Afternoon Six Sigma Trends in Organizatiosal  Consulting Time
1:00 - 5:00 Toolg/Methods  Stavistics Change (B) Practices Period
Action Action Action Actibn Key Nota
Evening Plnning Planning Plaoning Planning & Evening
6:00 -B:30 Session Session - Segzion Sesxion Dinner

5.2 The Six Sigma Research Institute

In late 1986, Motorols announcad the achievement of Total Customer Satisfaction az the corporation's
‘fundamental objective, To sypport this gosl, flve interrolated, key initiarives were defined. OF thess
Initatives, achievement of Skx Sigma Quality by 1992 was considered paramount. To achieve this level of
virmal perfection, it was determined that 1he three predominant sources of prodnct varistion — inadequate
dasign margin, ineufficient process control, and unstable or varying materials and components — must bs
aiacked simultanccusly, It was also reasoned that the same lavel of perfection 'must also bo achisved in’
services and other nonmanufactured products, since deficlencies In thoso areas are major sonrcas of
cuswomer dissatisfaction.

To date, Moiorola has made tremendous sirides {a vpgrading e quality of ks producty — 5.3 sipma as a
corporstion]2, Particularly noteworthy is the standardization and control of many of the corporation's
mnfmnmmigm To sccelerae the schizveren:t of Six Sigma Quality, Motoeols founded the Six
Sigma R Instioats (SSRI) in the second quarier of 1990 in ¢onjuncrion with severn] partnars, The
conwibuting parmers are Asca Brown Boveri, Digital Equipment Corpargtion, International Business
Machines, Texas Instruments (DSEG), aod Kodak, The fondsmental mission of SSRY ks:

*~To rexearch and develop tha theovetical framework and supporting tools Recessary to oecalarale the
achlpvenary of Six Sigma Quallty, and to facilbate the subasquent tranyfer of such knowledgs and skilly so
Motarola’s technica] gnd moansgarial ceavnunities ™

Notice that the mission statement emphasizes the facililation of knowledge transfer. This tends to imply a

high level of interaction berween wols s2d peopla. The basic toded for achicving the mission is shown In

12 This may be verified by comacting the carposate quality office of Mowrola.

-11-
Advancod Diraft Copy Oxwobar 30, 1992

MAR-19-1999 @R: 26 EA2 382 5070 ' 96 P.

12

Y



Ua/ Los oo

vl vU. 1V Ao Wve wwem wwsw

Figure 1. In particular, it ls imponant 10 recognize thas the model positions the Black Belt at the core.
Without this person, succeasful implementation of quality breakthrough initiatives Is greatly diminished --
advanced Six Sigma tools and meihods can not be leveraged without & powerful infraserucnire o support
on-the-job application. This implies the need for instructional support systems, tactical 1pols, classroom
trining, technical leadership, and perhaps most imporzant, Meragement Support and guidance.

Tl'mphlti

Briefings
Figure 2. Basic Tool El‘tfnrn'ﬁx Sigraa Black Belt

To fulfill the wo) component of the aferemoationed micsion patemant. the SSRI has concentraled ies cfforts
on the creation of @ set of analytical tools and supporting prodocts that can bs used 0 characterize and
optimizo the quallty, parformance, cycle-time, and cost of product designs, manufacturing pracesscs,
software, and sspvicez. Specifically, the targeied areas are inchigive of:

1
L

The application tools snd methods to bo wsed within these tochnical aseas are being documented in a set of
encyclopedias, b be published by Addison-Weslay. Natorally, many of the "mind iools® are supporied by
various custom softwmre ucts. In conjunction with the encyclopediss, & generic inatructional dedgn
shell is being coafl 50 a8 0 support the development and short-cycle, low-cost mansfer of the
Xnowledge and ols. Of course, the myget of such a tenafer process i8 the varous business units of an

-12.-
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organization. The instrucrional design shell (IDS) will greatty facilitaie the rapid protoryping of highly-
focusad, customized training m.mmg

To facilitate a hands-on wpprosch 1o training, the SSRI bas algo daveloped & "black-box™ simulalor (BBS),
The simulator wiil allow 4 smdent 15: a) manipalaie the “coamol panel knobs” of a simulated machine or
"parameters® of a simntated desige; b) capawe he resaltant cutput data and then; c) subsequently analyze
1he data using the method or 100} being tanght. In this mannes, the student ezn "experience® bow tha toal or
method would behave when spplied in the real world. This can pot be accomplished with “paper and
Ppencil” exercises ot ths back of a book. Virtually any manufactaring or product design scenario ean be
conﬁmcdmthcaﬂs;Ln,pmducdonvdume.mpﬂngm:.bactmmdmbe.mpﬂnxinuwl.mq
can all be estgblished 30 83 10 conform 0 ke spdent’s work environment. Naturally, the ultimata
successfnl spplication of the aforementioned products is highly dependent upon the business unit
sponsoring and developing b cadre of Black Belis.

Section 6.0: General Deployment Strategy

A geacral deployment and implementation stratsgy is presented in figure 3 T must be recognized that this
particulir srstegy 1s for flinstrative purposes only. The BUSINESS UNIT organizazion must formulate a
mMmmwﬁchhnmmdrmthqumnmmmmgmmm
Also recognize that the formulation of such 8 srategy ls inieractively linked to various clements of the
contract framewntk presentsd lo this document. In particular, thesc clements must be considered during
project planning snd developrmant of tha overall projort dmeline.

ALPHA BETA FULL-SCALE{DEPLDYMENT
1000 .
#EIIOW-BERS ——-.—---’-
o=
- s @ G =W~ A u-—---—-—’-
19 == Green-Beits
| {
G ——-u'—--——-.U-----—--—--D-ﬂtﬁ—--’-
10 o
&~ General i
0 1 2 3 4
TIME (YEAKRS)
Alphx ino gnd
dlﬁmlﬂfdm of
Bew- Prepuration snd Deployment
Green-Bells
Full Scals; Deployment of Yellow-Bells and
Breakihrongh Improvemant Teams

Figare 3. General Deployment Strategy
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APPENDIX A

Vision of Six Sigma: Level 1

Module Titke Tlme
1 Undersianding Customer Sasisfaction 10
2 Linking Probability to Satisiaction 15
3 Understanding the Narmal Dismibution 40
4 Understanding the Standard Deviation 20
6 Undarstanding Six Sigma Quality 20
8 Computing the Standard Deviation 15

13 Rolled-Throughput Yisld 30
] 14 Defocts-per-Unit Metric .20
16 Performance Benchmaricng Resulis 40
22 Keys for Implementing Six Sigma 20
Mibutes= = 240
Hours o 4.0
<
Vision of Six Sigma: Level 2
AT

Module Tide Time
1 Understanding Cusiomer Satzlacton 10
2 Linking Prohability o Satistaction 10
3 Uinderstanding the Normal Distribution 40
4 Understanding the Standard Devintion 20
5 Understanding Mean Variation 20
6 Undersunding Six Sigma Quality 15
7 Understanding Sources of Variacon 10
8 Computing the Standard Deviation 10
9 Vismlizing the Swndard Deviation 10
10 Extimating Defect Probability 20
11 Typas of Defect Models 20
12 Indiees of Capabrility 20
13 Rolled Throughpat Yicld 30
14 Defocia-per-Unit Metsic 20
15 Science of Benchmarking 73
16 Pecdormance Benchynarking Resulis 20
17 Carrelating Quality o Cycle Time 20
18 Correlating Cycle Time: (0 Inventory 20
19 Correlating Quality to Product Reliability 20
20 Carrelasing Quality o R.OT. 0
21 Sk Sigms Blaeprint 20
2 Keys for Implementdng Six Sigma 30

Minoumg o 480
Hourn = 20

H

MAR-19-1999 ©8:27
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Basic Statistics: Level 1

Module Title Time
29 Nagure of Data 30
30 Grouped Data 30
31 Graphic Representation 90
2 Measures of Cenmral Teadency &
3 Measures of Variability 60
k1] Nommal Distributioa 60
as Z Transform &
35 Thble af Normal Area 90
Mhbutes= 480
Hours= 8.0
e ERCE LI
Basic Statistics: Level 2
Maodule Titla Tima
37 Nawre of Dag 30
38 Grouped Dala 20
£ Gmphic Representation 90
40 Measures of Central Tendency 60
41 Measures of Varfability 1)
42 Normal Disaibution (1)
43 Z Transform Poh)
44 Data Transformations a0
45 Hypothesis Testing 120
46 T-Test of Dilference 90
47 F-Text of Dilference 90
48 Amalysisof-Variance 120
49 Lingar Regression 120
Minutss = 960
FHoursm 160
[imonmme ke e Sk e T YR T
-16-
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Applied Diagnostic Methods: Level 1

Module Titte Time "
50 Response Variable Definition EN)
51 Procass Mapping 75
52 Laverage Principle 15
53 Data Collection Practcas &0
54 Fishbone Diagram 10
s Braingomaing 75
56 Chose and Effect Marices 0
57 Multivari Analysis 75
38 Pre-Control Plan LB
Mivules = 480
= 8.0
ST R &
Applied Diagnostic Methods: Level 2
o m— Tk —m
S0 Graphical Correlation ()
60 Realistic Tolerancing &0
61 B vs C Test of Differencs 90
62 Runs Test of Randomness &0
a3 Cross-Tabularon 60
o4 Chi-Square Test of Difference 75
65 Median Test of Difference 5
Minutes = 480
Hours = 8.0
e17-
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— Statistical Process Control: Level 1

T Forisi
Mudn]e Talle Time

3 Undersanding Stanstieal Process Control r7)

67 Basic Indices of Capability 850

68 Undersianding Process Capability Studles 90

69 Conmol Chans for Variables Data. . 50

70 Control Chana for Anyibute Data 50

71 Implementing Control Charts L)
Minutes = &80

Hows = 3.0

% Statistical Process Control: Level 2

Module Title
72 Foundationz of SPC
pEl Shon-Term Indices of Capability
14 Long-Term Indices of Capabiliry
75 Process Capability Studies
76 Control Chart for Iadividuals
T Xbar Chart (average)
78 R Chan (range)
9 8 Chan (ssandard deviation)
BO NP Chart (hwmber nonconforming)
Bl P Chan (propeauion nonconforming)
82 U Chart (defects-per-unit chart)
<] Planning Process Control

Minotes =
Hours =

Eﬁssssssgsggssg
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Design of Experiments: Level 1

T S T
Module Tioe Time
34 Expegiment Design Principles )
35 Bxperimentation Systems 0
86 Single Facwor Experiments &0
87 252 Full Fastorial Experiments %0
88 22k Pull Fattorial Bxperiments 120
89 Moulli Factor Multi Level Designs 90
90 Planning Experiments &0
Minutes = 430
Hours= 8.0
Design of Experiments: Level 2
Module Thile Time
91 Analysis of 242 Full Faciorials 60
92 Yata's Algnrcithm 60
93 Analysis of 243 Full Factorials 4s
94  Principles of Practional Facorals 120
95 2741 Fractlonal Design 60
95 2nS-1 Fracdonal Design &0
97 2°6-2 Fractiongl Design 60
98 27k-p Fractional Designs 50
9 Sacening Designs 45
100 Response Sorface Designs 18D
101 Principlcs of Robust Design 210
binutes o 960
" Howrnsx 160

MAR-19-1899 @AR:28
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=  Leveraging Organizational Dypamics

i

Moduie Title Time
y7] Technology and Human Behavior 30
103 Componentx of Management 60
104 Change as a Process 90
108 Analysis of Change 30
105 Implementation and Contred of Change %0
107 Perception und Amihuds Formation &0
108 Modivation and Human Behavior k'1]
109 Dynamics of Group Behaviar sind Control 120
110 Effective Managerial Leadership 0
m Synergistic Managermenl Practices 30
112 Conflict Management ' 50
13 Decision Optimization 60
114 Effecrive Delegaton X
115 Dynamics of Effective Communication %0
116 Formularing Organizational Specesy &
117 Stratsgic and Operations Planning &0
Minutes= 960
Hoursw 16.0
Effective Consulting Practices
= = i Bl i T AR TEST e
Module Tille Time
118 Creacng Management Sponsocship 60
119 Magketing Technical Expertise 80
120 Components of Consulting " 120
121 Shart Cycle Knowledge Transfer Procass €0
12 Shont Cycle Knowledge Transler Tools &
123 Six Sigma Implementation Procesy 50
Minuies = 430
Howrs 2D
e — -
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= APPENDIX B

Vision of Six Sigma (Model Description)

The customers that fonn the enormous basc of today's world markst are sending 2 elear and undeniable
message — producs higher quality produciy a3 lower costs with greater responsivencss. Companies are
hearing this meszags and fising to the Six Sigma chellenge. For many, the sialking of Six Sigma Quality
has led 10 the development of new and exciting approaches for the improvement of business, engineering,
and manufhcturing, service, and adminiswation pesformance. Thiz course has been specifically designed to

Sigma product designs, manufachring processea, servico quality, quality of adminisiration. Up front, the
warmwywinmmnhadcmuowkﬁmunmnmhmntmumdmmnlmnn
\eehnically erented discussion of the progam. Speeifically, participants of this workshop will discovers

Non Technical Discussion

» The Driving Nead for Six Sigms Guality

« The Pmdamantal Objective of Six Sipaa

«The Basic Tenanti of Six Sipma Quakity
- » Key Butiness Conelisions Rosulting From Global Benchmaring
. « Skx Sigma as & Terget for Toul Quallty Managament (TQM)

o The Primary Teols for Achieving Six Sipms

» The Customer’s Paspective of Six Sipma

 Tho Financial Inypect of Six Sigms en the Bogom Lins

« Strusggies mnd Tectics for Implemening Six Sipns

» Advancag Six Sigma Concops
-mmdw-ﬂmwum
'ﬂulﬂyﬂd.’.h&iﬂlmmm 5

+The Impack of Six Signa ea Mundernwing Cycle-Time

» The Lpacs of 3ix Signta on Inventary

= Derelaping Six Sigma Suppliors

- How 1o Creals aad Mainsin Sl $igms Product Dasigns

= How to Creasa gnd Mainlain Six $ipma Mumufacowing Proczsscs
« How o Creats sad Maintain Six Spma Seevices

In sddition, several “real life” case smdles will be presented und thoroughly discussed ‘The caza studies are
mﬁgwﬁhﬂhmmyddw'hwwk‘mmmm Six Sigma methods and practiess. 1n
pardcular, the cases will highlight the agtounding results which can be readily achieved when Six Sigma
mmmmmmmmm-imhmmm

foe progressing through the belt development . Reinfescement of major concepts and principles is
mmwumw“mm.mmldmﬂu.

Applied Diagnostic Methods (Model Description) :

Designed 10 pravide the ipant with the asalytical snd staristical teols ecessary for isolating critical
sources of process and prodoct variation. Tha methods md echniques for statistically analyzing.
mmmum;mmhum.mmmmmh&mmm
abﬁqmﬁimsvrhbkmumemhﬂmdmuymmm:nu
isolate criical varisbles at e micto-level, In parncular, the panticipant will lemm haw 10 zelect the right
vasiables for inchusion in a fctorial experiment 83 well a3 how © establish realistic process tnlarance. In
addition, the paxticipant develops the analytical hnpngemdplﬂowphyumrwmnunimdnx
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