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Figure 11.1 5. PROCESS IMPRO VEMENT STRATEGIES: Six Sigma
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It sou n ds lik e Gr e e k to som e, but the lates t in qua lity manag ement is attra cting an impressive fol l owing.

Corpor ate visionary Jack Wel ch is so enth ralle d, he’s betting his leg acy on it. Ann Walmsley invest iga tes .

Six Sigma Enigma
It is called Six Sig ma and its practit ion ers
are known as Black Bel ts. It may sou nd like
a mys tical art, but it is in fact a dat a-drive n
method for achievi ng near-perfect quali ty.
And it is the lat est mant r a of Jack Wel ch,
the brillia n t, obs essiv e chair man and CEO
of Gen eral Ele ctr ic Co. (GE). In 16 years,
We lch has built the Fair fiel d, Conn.-base d
congl ome r ate into the mos t highly value d
co mpany in the world, wit h a stock marke t
capi taliz ation of $200 -bil lio n (U.S.) [e ven
thou gh it ranks only 12th in the world in
ter ms of rev enues]. This is par ticularly re-
markable, giv en that congl ome r ates usually
trade at a dis cou nt and GE’s operation s are
a conf usi ng mix rangi ng from cre dit-card
se rvi ces to aircraft eng ine pla n t s li ke the one
in Bromont, Que., and from lig ht bul bs,
produced in Oakvi lle, Ont., to NBC-TV.
♦ As a res ult, Wel ch’s ent husia sms are clo se-
ly fol lowe d by exe cutiv es, as was seen when
We lch’s brutal rest ructuring at GE in the early
’80s was emu lat e d by CEOs glo bally. Now,
the scr appy 61-ye ar-ol d le ade r is cou nting
on Six Sig ma to be the grand finale of his
care e r at GE, befo re his sche duled retire-
ment in the year 2000. An in case you are
wonde ring what that wil l mean in financia l
ter ms, the pre diction is that Six Sig ma wil l
cont rib u t e an ext r a $10 bil lio n to $15 bil lio n
annu ally in rev enue and cos t savi ngs by the
end of the centur y – just three years away.

We lch is tackling Six Sig ma wit h the single-
minde dness that charact e rizes eve ryt hing he
does: the GE rest ructuring, his dev otion to
Catholi cism earli er in his life, even his suc-
cessful effor t to con trol his stutt e ring. Sho rt-
ly after becoming CEO in 1981, he embarke d
on a massiv e prog ram of clo sing and sel ling
GE busin esses wit h the aim of unl oading
any companies that were not No. 1 or 2 in the
wo r ld. His met hods promp ted Ne wsweek to
nickmame him Neutron Jack – a referenc e
to the bomb that leave s buil d ings int act
while oblit e r ating the people insid e. And
when he was don e, tens of thousands of ous -
ted GEers veiwe d him as the enemy. But
his successful shakeup of the slu ggi sh com-
pany, best known for its toasters and iron s,
became the bel lwe the r of corporate re-engi-
ne e ring aroun d the world. And Wel ch him-
self became the CEO to wat ch – the yard-
stick by whi c h ma ny other busi nes s le ade rs
mea s ure their own per for manc e.

No w, he’s bre a king all the rules aga in by
ap plyi ng Six Sig ma, whi c h Mo t orola pio n-

eered in the 1980s str ictly for manufactur ing
qu ali ty, to eve ryt hing that GE does: loan
booking, cre dit-card processing, sat ellit e time
le asi ng, lega l cont r act desig n – you name it.
Conf use d surviv ors of previous Wel ch
edicts wonde r whet her this is Wel ch’s con-
trol tendenc y run amok or a sea change that
will be copie d throug hou t the corporate
wo r ld. "There is a lot of eye -rolling. The re
stil l is ," says one GE int e rn. And while cus-
tome rs wil l cer tainly be hap pie r, a key ques-
tion is, how wil l We lch sub stantiat e his
cl aims about Six Sig ma sav ing s?

Ad opting Six Sig ma is sim ilar to ret r ainng
your entire wor kfo rce, inclu ding marke ters
and janito rs, to think and act like eng ine e rs.
Si gma is a statis ti c a l un it of mea s urement
that means a standard dev iation from a
mean. All processes – inclu ding retur ning
phon e calls promp tly or assemb ling an air-
cr aft eng ine – dev iat e becaus e of hum an er-
ro r or other circumstanc es. A Si x Si gma
proces s re duces that dev iation to no more
than 3.4 defects per mil lio n operation s.
Think of it as 99.9997% per fection. Mikel
Harry, a for mer Moto rol a Inc. eng ine e r and
st atis ti cia n base d near Phoenix, Ariz., has
mapped out a met hod for companies seek-
ing to achieve Six Sig ma that has made him
the de facto guru of the disciplin e (s ee Dat a
Bu s ter, pag e 11 .91).

Un like other quali ty progr ams, such as to-
tal quali ty management, best practic es and
kaizen, Har r y’s met hod is a dis ciplin ed sys-
tem of usi ng ex tremely rig orous data -gat her-
ing and statis ti c a l analys is to pinpoin t sour-
ces of errors and ways of eli min ating them.
Inst ea d of the fuzzy goa l of con tin uou s im -
prov ement, quali ty proje cts are chosen base d
on custome r fe e dback. Improv ements that
have a sig n ific a n t custome r im pact are giv en
to p prio prity. Als o un ique to Six Sig ma is
the practic e of train ing and deplo ying foot
soldiers known as Black Bel ts throu ghout
the company to wor k full-tim e on proje cts
to dive out defects. (The ter m Bl ack Bel t,
borrowe d fr om the mar tia l ar ts, in this case
is meant to unde r lin e the ment al disciplin e
and int ensive train ing inv olved).

It takes fou r mont hs to train Black Bel ts,
and two years for them to become exper t in
su ch hea dy statis ti c a l tool s as Paret o charts,
Chi2 charts, tim e plo t s and fractio nal facto-
rial desig ns, as wel l as to famili arize them-
selves wit h a software progr am called Min i-
tab that handle s st atis ti c a l gr aphing. To be-

co m e cer tifie d, Master Black Bel ts must have
ov erseen 20 Six Sig ma proje cts that achie -
ve d pres cribed sav ing s. In GE’s case, the re
is als o an exp anding corps of Gre en Bel ts
who wor k part-tim e on quali ty proje cts and
devo te the othe r half of their tim e to their
regular jobs. Not surprisingly, thes e people
are putting in longe r hours.

The train ing cos t s are ast ron omical. In
1997, GE wil l spend $400 mil lio n on train-
ing. But it is cou nting on $600 mil lio n in
savi ngs from Six Sig ma improve ments – for
a net ben efit of $200 mil lio n. "TQM sou nds
li ke fluf f and we had seen lots of companies
pursue TQM and get now here," says GE se-
nior vic e-presid e n t Gary Rei ner, the poi nt
ma n on Wel ch’s lat est craze and, at 42, one
of the younge s t GE exe cutiv es rum oure d as
a pos sib le successor to Wel ch. "Si x Si gma
is attractiv e becaus e you know whether you
are mak ing progres s or not. It isn’t ane cdo -
tal, it is quantit ative."

A prime exa mple of Six Sig ma in actio n
co m e s fr om GE’s 51%-owned Cana dian ap-
plia n ce company, Camco Inc. For a year,
the company had att emp ted to use conve n-
tion a l ap proaches to sol ve a problem wit h a
lack of rig idity in some of its cooktops,
which had been lea ding to hig h scrap rat es.
"We tried [a number of things] dur ing as-
semb ly, [that] seeme d logi c a l, but they made
the problem worse and cos t us mon ey", says
Chris Mit chell, a Master Black Bel t at Camco.

Then Gre en Bel t Doug Mar tin tackled the
proble m with Six Sig ma met hodol ogy ove r
a per iod of eig ht mon ths. Usi ng Design of
Experiments, Mar tin and his team test e d 10
possib le cau ses in various combin ation s, in
14 versi ons of an exper iment. After a com-
puter had crunche d the res ult s , Martin use d
Ma in Effects Plo t Analys is and Graphical
Analys is to pinpoin t the sou rce of variation:
the patt e rn of hangi ng the par ts in the ove n
du ring the enamel-baking process and the
ratio of enamel on the top and unde rsi de of
the cooktop. By tig htly con trolling thes e
proces s es, the team was able to reduce cos t s
by more than $500,000 annually and im-
prov e yi elds.

Eve n the mos t acid criti cs of manage -
ment tre n d turnov er are finding it hard

to argue wit h Si x Si gma philo s ophy, despi te
it s arcan e mathem ati cs and its mar tia l ar ts
pret ensio ns. Adrian Woold r idge, co-au t hor
of The Wit ch Doc tor s: Making Sen se of Man-
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ag ement Gurus, obs erves: "Si x Si gma is a
ve ry ser iou s theory wit h hard -co re sensib le
id e as that hav e done a lot to improve pro -
du ctivity". Bombardier Inc., whi c h des cribes
it self as ave rse to fads, unv eiled its Six
Si gma progr am in April and is usi ng Harry
as its con sul tant (se e Si x Si gma, Bombardier
Style, on the lowe r half of pag e 11 .90).

Wa l l St reet als o love s Si x Si gma . Je nnife r
Pokrzywinski, an analys t with Mor gan Stan-
le y, Dean Wit ter, Dis cov er & Co. in New
Yo rk writes in a recent repor t on GE: "Si x
Si gma comp anies typically achieve faster
wo rking capit al tur ns; lowe r capi tal spend-
ing as cap acity is fre e d up; more produ c-
tive R&D spending ; fa ster new produ ct de-
ve lopment; greater custome r satisfactio n ...
Si x Si gma is like that old Wel la Ba ls a m sh a m-
poo com me rcia l: ‘Sh e told two friends, and
they tol d two friends,’ and so on .... As
Bl ack Bel t proje ct lea de rs mul t i p ly and train
people, and those people get inv olved in
proje cts, the financia l im pact is expon entia l,
in our vie w".

Mo st companies operate at rou ghly Three
or Fou r Si gma (66,800 to 6,210 defects per
millio n). Each Sig ma inc rea s e requ ire s an
ex pon entia l re duction of defects. The cos t
of that quali ty is typically 10% to 15% of los t
reve n ues, whi c h in GE’s case, according to
We lch , "a mou nts to some $7 bil lio n to $10
bil lio n annu ally, mos tly in scr ap, rew orking
of par ts and rectifyi ng mis takes in trans ac-
tion s." Moto rol a Inc., whi c h wa s the bir thing
place of Six Sig ma more than a deca de ag o,
now ave r age s abou t 5.6 Sig ma (20 defects
per mil lio n) and has sav ed $11 bil lio n to date
and tripled worldw ide produ ctivity as a re-
sult. Mos t co mme rcia l air lin es’ safety pro -
cedure s operate at a Six Sig ma lev el. Reine r
estim ates that GE ave r age d Three Sig ma
when it int roduced its Six Sig ma progr am .
In the first 22 mon ths, it improve d to about
3. 5 Si gma (22,700 defects per mil lio n). To
re ach Six Sig ma by the year 2000, it wil l
have to improve by more than 90% per year.

Analys t s predict that GE is unlikely to a-
chieve this goa l in so lit tle tim e. And Wel ch
himself adm itted in a speech to sharehold-
ers, at the annu al me eting in April, that Six
Si gma by 2000 was "a ‘st ret ch’ goa l, a targe t
so far beyond seeming cap abilit ies as to ap-
pear at first impos sib le," but a target that
woul d fo rce GE people to deliv er "perfor man -
ces gre ater than we eve r thou ght were in us."

Si x Si gma has been aroun d si nce the 1980s,
when Moto rol a Inc. of Schaumburg, Ill., de-
ve loped the technique s in -hous e to improve
it s production of pag ers, cel lular phon es and
ot he r products. But it was for mer GE vic e-
chair man Lawre n ce Bos sidy who for mally
in trodu c e d the idea to Wel ch. Bos sidy left
GE to become CEO of Allie dSi gnal Inc. in
1991, whe re Six Sig ma got star ted in 1994
and bega n att r acting ent husia sti c att entio n
fr om analys t s. Allie d cl aims that this year

alon e it has achieve d $300 mil lio n to $400
millio n of Six Sig ma sav ing s on rev enues of
$1 4 bil lio n, but that the cumu lative imp act to
date is in exc ess of $800 mil lio n.

Speculation is that Bos sidy and Wel ch were
eit her gol fing at Wel ch’s cou ntr y club in Fair-
field, Conn., whi c h is just across the roa d
fr om his 3.2-mil lio n, 10,000 -sq.-ft. Georgi-
an -style brick hou se, or at his sum mer home
in Nantucke t, Mass., when the sub ject first
came up. Wel ch inv ited Bos sidy to speak
to GE exe cutiv es on Six Sig ma in May, 1995.
By Oct ober, 1995, it was poli cy. "Lar r y ha s
a lot of cre dib i lity wit h the people here and
he was swe aring by it," says Rei ner.

It’s no surpris e that Six Sig ma wou ld str ike
a cho r d with Wel ch. A chemical engi neer by
profes sio n, he has long been famili ar wit h the
technique s of mea s uring process variation.
His PhD thesis for the Unive rsity of Illin ois
inve s tig a ted the role of con d e nsation in
nu cle ar stream sup ply sys tems. Moreove r, Six
Si gma offered him a way to differentiat e GE
fr om other quali ty pos eurs in sho rt order.
Acco r ding to associat es, Wel ch is min dful
of his retirem e n t dea dli ne in the year 2000,
and seemingly gripped hy a new sense of ur-
ge n cy fol low ing his successful heart bypass
surger y in May, 1995. Just before hea ding
ou t on sum mer vacation this year, he cou ld
be heard exp l oding ove r the slow progres s of
on e busi nes s in getting on-time delive ry (high -
er Sig ma) from a key sup pli er. "What the
f— is goi ng on in this busin ess?" he rant e d.

Even the gurus hav e tr ied to talk Wel ch
ou t of his bre a kne ck pace. He wants to ac-
co mplis h in five years what Moto rol a did in
10 . And unlike other Six Sig ma old hands,
who appli ed it str ictly to manufactur ing,
We lch is als o ap plyi ng it to com me rcia l trans -
action s, whi c h are trick ier to mea s ure. He
is look ing to GE Capit al, whi c h accou nts
fo r the large s t chunk of GE rev enue – $32
bil lio n in 1996 – to deliv er at lea st 40% of
the Six Sig ma sav ing s this year. That means
drivi ng out defects from mor tgage applica-
tion s, cre dit card trans actio ns, customer ser-
vi ce call cent res and truck lea sing. The per-
son in charge of deliv ering that at GE Capi-
tal is vic e-presid e n t and chief quali ty offic e r
Ruth Fatt ori, a mechanical engi neer and qua -
li ty exper t hi red from Asea Brown Bov eri
Ltd. for her exper ienc e with Six Sig ma. Fat-
to ri says that Wel ch is all ove r he r fo r re sul ts.
"He’s relentle ss," says Fatt ori, who seems to
thrive on his intensity. "There’s no patienc e
fo r what’s not done. He ask s me and eve ry-
body all the tim e poin ted que s tion s: ‘How
ma ny Master Black Bel ts do you hav e train -
ed? What kin ds of proje cts are they wor king
on? What are the res ult s? What hav e you
le arned? How are you le ading the effor t?’"

GE Capit al has att r act e d gr owing att entio n
in Cana da in recent mon ths becaus e of two
majo r deals by its Canadian sub sidiar y,
Gene r al Ele ctr ic Capit al Cana da Inc. It led

the syn d i c ate provi ding T. Eat on Co. Ltd.
with financing after the ret ailer sou ght cre di-
to rs’ cou rt protection. And last fall, in a
join t ve n ture wit h Ox ford Pro per tie s Group
Inc., it bou ght Marat hon Realty Co. Ltd., for
$952 mil lio n (Cana dian) from Cana dian Pa-
ci fi c Ltd., one of Cana da’s mos t le g endary
re a l est ate por tfo l ios.

Gary Rei ner’s fav o urite exa mple of Six
Si gma at wor k co m e s fr om a GE Capit al
busi nes s. The busin ess’s custome rs tol d the
co mpany that a criti c a l qu ali ty issue for
them was how often a salesperson cou ld an-
swe r thei r qu estio ns directly wit hou t havi ng
to look into it and get back to them. Ad-
he ring to the the Six Sig ma dat a-gat her ing
disciplin e, each salesperson kept a meti c ulous
diar y fo r a week, noting each tim e a custome r
aske d them a que s tion and whether they were
able to answe r it immediat ely. The con clu-
si on was only 50% of the tim e. Bre a king
down the dat a fur the r, the team wil l be able
to dedu c e the types of que s tion s salespeople
are unprep are d fo r and what train ing wou ld
fil l the gap, and, oh yes, whi c h salespeople
we re best suited to the job. Likew ise, GE
Capi tal Mor tgage Corp. Six Sig maed the
branch that best handle d the flow of cus-
tome r calls and used that model to redesig n
the other branches. Says Wel ch: "Custome rs
who onc e fo und us [the mor tgage corpora-
tion] inacces sib le nearly 24% of the tim e
now hav e a 99% chanc e of speak ing to a
GE person on the first try; and sin ce 40%
of their calls res ult in busin ess, the retur n
fo r us is alrea dy mou nting into the millio ns."

The mat hem ati cs of the bottom lin e is
not los t on the Master Black Bel t train -

ees at GE Capit al. In a Six Sig ma train ing
sessio n in Stamford, Conn., last sum mer, ev-
er y on e of the 25 emplo yees in the room
knew that day dre a m ing throu gh cla s s wa s
not an optio n. "GE Capit al has to deliv er
$250 mil lio n [U.S.] of sav ing s in 1997", said
on e particip ant. "And the re are 250 Master
Bl ack Bel ts. So – wo rk it out – each of us
ha s to come up wit h $1 mil lio n in sav ing s."
Sa id an othe r: "This is all about Wall Street."
Bu t so m e are stil l st ruggling wit h the me-
chanics of mea s uring their processes. "If
we ask our cli ents what the per fect rei nsure r
might look like, they say, one that is flex ible
and cre ative," says one particip ant from Mu-
nich. "Bu t it is ver y diffic ult to mea s ure
creativity".

We lch’s Six Sig ma push met two wav es of
ske pti cism from GEers. According to Rei ner,
so m e non-ma n ufactur ing and non -opera-
tion a l em p l oye es griped: "This doesn’t ap-
ply to me – you can’t mea s ure my fun ction,"
while others grumb led: "GE wil l neve r de -
vo te enoug h re sour ces to this." Lea ding the
"This doesn’t apply to me" con tinge n t wa s
NBC, the one GE sho p heavi ly dependent
on cre ative output. Mikel Har r y took on the
NBC doubters directly, according to Greg
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Figure 11.1 5. PROCESS IMPRO VEMENT STRATEGIES: Six Sigma (continue d 1)
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Br ue, a Six Sig ma implem e n ter. "Mi ke said,
‘Okay, let’s talk Stein fel d fo r a min ute,’ " re -
calls Brue. "‘How many lau ghs are you sup -
pose d to get from one of his jokes? ’ The
answe r wa s 20. ‘So if you don’t get 20 lau ghs,
it is a defect.’" Brue als o poin t s to telev isi on
ratings and technical fun ction s as mea s ur-
able. "Maybe the rating company’s sample
si ze was wrong. Or the re’s a defect in lig ht-
ing, or the setup tim e fo r a set varie s." Wel ch
put an end to the resis tanc e in July when
NBC ins talled its first chief quali ty offic e r,
Jo hn Eck, a long-time GE emplo yee and
re sid e n t of Fair fiel d, Conn., along wit h both
We lch and NBC chair man Bob Wright.
Eck cla ims that one Six Sig ma proje ct has
alrea dy improve d ca sh flow at NBC by $9. 5
millio n in the first quarter by rev isi ng the
proces sing of pay ments to sup pli ers. But a
call to the To day sh ow offic es lat e r in Au-
gust indicated that Six Sig ma is stil l an un-
know n ter m to some in the telev isi on com -
pany. "There’s not hing Black Bel t abou t any-
thing aroun d he re," said the staff member who
answe red the phone. "Si x Si gma? You’r e
talk ing Gre ek to me." One hat es to think of
what Dav id Letter man woul d do wit h it, if
he were stil l at NBC.

Bu t We lch has a foolproof met hod for en-
suring ent husia sm for Six Sig ma. Last May,
he and his two vic e-chair men delive red an
edict to all senior management: As of Janu-
ar y, 1988, emplo yees wil l not be con sid ere d
fo r promotio n to any management job, no
matt e r how jun ior, unles s they hav e begun
Green Bel t or Black Bel t train ing. By July,
1988, they must have complet e d that train-
ing to be promo ted . Mo reove r, 40% of the
annu al bonus for manage rs in the top two
tiers at GE wil l be tie d to their success in
achiev ing Six Sig ma goa ls. That means that
85,000 people, or 35% of the GE emplo y-
ees, wil l be Six Sig ma acoly tes by the millen -
nium . Analys t s are now pre dicting that any-
on e ho ping to succeed Wel ch when he steps
down in 2000 wil l have to be a Six Sig ma
whiz. "The met hodol ogie s of Six Sig ma we
le arned from other companies," says Wel ch,
"but the cul tur al obs essiv eness and all-en-
co mpassing passio n fo r it is pure GE."

The procl amation has succes sfully tur ned
up the heat. Anne Lou ise Aboud, a for mer
engi neer who is responsib le for Gen eral
Electr ic Cana da Inc.’s Six Sig ma train ing,
says , "Suddenly I hav e people poppi ng out
of the woodwo rk wanting train ing." GE
Cana da, whi c h ha s been a wholly-owned
subsid iary of GE sin ce 1989, anticip ated at
the beginning of the year that it wou ld hav e
61 7 Green Bel ts, Black Bel ts and Master
Bl ack Bel ts among its wor kfo rce of 9,500,
ge nerating net sav ing s of more than $4 mil-
li on in 1997. "Bu t that was before the
memo," says GE Cana da CEO Rober t Gille-
spie, who in his 44-ye ar career at GE has

surviv ed all the company’s upheavals.

We lch’s brand of Six Sig ma str ikes some
ot he r co mpanies practising the technique as
ex treme. Says a quali ty directo r at one of
thos e co mpanies: "It’s dispro por tio nat e. GE
is 2.5 tim e s bigg er than us [in ter ms of em-
plo yees] but is goi ng to hav e 50 tim e s the
number of Black Bel ts. I don’t think we
ne e d 1,000 Black Bel ts running aroun d ou r
co mpany by the end of the deca de. Other
things need to go on."

Bu t according to Rei ner, Wel ch recog n ized
by the thi rd quarter of 1996 that GE wasn’t
ge tting the hit it needed from Six Sig ma.
In 1996, Six Sig ma was a net expense:
$200 mil lio n in train ing for $17 0 millio n in
savi ngs. "We dis cov ed that we wou ld nev er
have enoug h full-tim e Bl ack Bel ts to hav e a
tang ible effect on the company ", says Rei ner.
"We needed a con cep t called Gre en Bel ts
and we needed to grow it like crazy".

One of the GE companies that is ahea d of
it s target in deliv ering sav ing s by using Six
Si gma is Ele ctr ical Dist rib u tio n and Con trol
(ED & C), base d in Pla inv ille, Conn. ED&-
C’s Markham , Ont., pla n t ma kes ele ctron i c
mo t or protection relays for indust ria l and
electr ical utility custome rs. Unde r it s prev i-
ou s ow ner, Derlan Indust rie s Ltd., the pla n t
ha d alrea dy improve d ma ny processes by
im p lem e n ting a con tin uou s im prove ment
prog ram that adhered to Jap anese kanban
prin ciples and the idea of assemb ling in
wo rk cel ls. But GE’s dis ciplin e of Six
Si gma (the rub ric is emb lazone d on the walls
throug hou t the pla n t) diag nos ed a more pro -
fo und quali ty problem that was int e rfe ring
with on-time delive ry.

At first pass, Black Bel t Cary Cor rei a and
Ma ster Black Bel t Li sa Salley suspect e d that
the pla n t’s problem was ins ufficie n t inve n-
to ry from its circuit board sup pli ers, whi c h
coul d be rem edied by advanc e order ing.
Bu t on inve s tig a t ion, the team discov ere d
that sup pli ers were hav ing diffic ulty ins ert-
ing the diodes, resis t ors and capacito rs in
the boards wit hou t sh att e ring them. Cor rei a
re ache d in t o the Six Sig ma toolbox to mea-
sure the sup pli er’s manufactur ing process for
variation. Usi ng st r atifie d-r un charts, tim e
plo t s and othe r Si x Si gma statis ti c a l tool s,
he discov erd that the problem was that the
hole s in the circuit boards were too sma l l
and that the caus e of the problem was the
or igi nal hole -si ze spec from GE. "This prob-
le m ha s been goi ng on for as long as we’v e
been in busin ess," says Cor rei a. "The sup -
plie r wa s ju s t too embar rasse d to tel l us how
mu ch they were scr apping and rew orking."

There seems to be lit tle doubt that Wel ch
will achieve rem arkable things wit h Si x
Si gma at GE. For one thing, maj or com-
petito rs in a number of GE busin esses hav e
been slow to fol low suit. The only not able

exceptio n is Whi rlpool Corp., the big gest
majo r ap plia n ce manufacture r in the United
St ates, whi c h qu ietly bega n inve s ting in Six
Si gma six mon ths after GE. And Camco is
alrea dy wel l in t o the nir vana st age of Six
Si gma – desig n ing produ cts to meet Six
Si gma standards, not just fixi ng proces s es.
Ba s ed on the traje cto ry of res ult s that Alllie d
Si gnal achieve d by int roducing Six Sig ma,
Mo rga n St anley’s Pokrzywinski pre dicts that
GE wil l ent e r "t he ‘swe et spot’ of Six Sig ma
benefit s in 1998 to 2000," whi c h woul d se e
as much as15% ear nings per share growth
anu ally, of whi c h 5% cou ld be att rib u t e d to
Si x Si gma . Be twe en July, 1995 and July, 1997,
Alli ed Sig n a l’s stock had cli mbed 103%, com -
pare d with the S&P 500’s 74% ris e. "As
im pre ssive as his 16-ye ar tenure has been,"
says Pokrzywinski, "we believe Wel ch vie w s
Si x Si gma as his ultimate legacy to GE."

We lch’s lov e affa i r with Six Sig ma is tem -
pere d by an unde rst anding of its weak poi nts.
The sys tem relie s on custome rs bei ng able
to articula te what they want and need . Ye t,
as GE Capit al’s Fatt ori not es, custome rs are
not alw ays reliable. For exa mple, busin ess
trave lle rs wil l cite frequ ent-flie r prog rams
and conve n ienc e as the rea son s why they
choos e a speci fi c air lin e on a giv en day, until
there is news of an air lin e disa ster, whi c h
co mplet ely alt e rs their prior ities. Black Bel t
train ees from GE Cana da’s Airc raft En-
gi nes operation s told their cla s smates dur ing
a train ing ses sio n la st sum mer that eng ine
custome rs were fed up wit h being aske d
what they want: "They tol d us, ‘Why don’t
you fix the problems we tol d you about five
ye ars ago first?’" As wel l, it takes a sizeable

5.9%
Te chnical pro ducts

an d service s

6.6% Br oadcasting

8.0% Aircr aft engines

8.1% Ap pliance s

8.2% Materials
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9.2% Po wer Gener ation

13.2%
Indu str ial pro ducts

an d Sys tems

41.3%
GE Cap ital
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co rporation to financ e the massiv e inve s t-
ment in train ing requi red for Six Sig ma to
wo rk. Eve n in large corporation s, gat her ing
data and analyzing them can take weeks.
Then the re’s the que s tion of who is min d ing
the sho p if the best and brightest are becom -
ing Black Bel ts. Ironically, coming ful l ci r cle
fr om the rest ructuring days , We lch has had to
embark on a sig n ific a n t hi ring campaig n to
backfill the jobs of people who have mov ed
in t o Bl ack Bel t posit ion s. Finally, analys t s
admit that the marke t ha s to take Wel ch’s
Si x Si gma balanc e sh eet of train ing expendi-
ture s and cos t savi ngs on faith. "There is no

way I can ver ify their int e rnal numbers," says
Ja m e s Sa muels , an analys t at the New Yor k
offic e of secur ities firm Smith Bar ney Inc.
"[Howeve r,] we mig ht try wit h so m e diffi-
culty to think of how GE can grow at this
abov e-ave r age rat e of 13% to 15% [if not for
Si x Si gma]." Eve n Rei ner admits to stre ss on
the sub ject. "If you won d er whether I sle ep
at nig ht – not ver y wel l," he says . "I can
us u ally tel l you what sha de the moon is."

Bu t a good mea s ure of Wel ch’s success at
in c ulc ating his lat est craze is the way in
which GEers hav e ap plie d the principles to
thei r person a l live s. Cor rei a, at GE’s ele c-
tron i c mo t or protection relay pla n t in Mark-

ham , Ont., confid e s that he has use d Si x
Si gma mea s urements to carve 50 stroke s off
his gol f ga m e. A rook ie gol fer, he can be
fo und at the modest five -hole cou rse near
the pla n t, scr ibbli ng Paret o diag rams on pin
location and win d direction into a lit tle black
book att ache d to his gol f cart. Wel ch, who
golfs wit h an impre ssive handicap of 6, wil l
not say whether he is doi ng the same. But
when he walks out the door of his exe cutiv e
offic e fo r the last tim e in 2000, past the lu-
minous painting of the front porch of a
whit e cl apboard hou se, the rest of GE wil l
know what to do. "First, Six Sig ma," says
Rei ner. "Then Seve n. And then ... Eight."

Six Sigma Speak
Si gma: A statis ti c a l ter m mea s uring the ex-

tent to whi c h a process varie s fr om per fec-
tion. To calcula te the Sig ma of a process,
Bl ack Bel ts mul t i p ly the number of units
proces s ed by the number of pot entia l de -
fe cts per unit, div ide that into the number
of actually made and mul t i p ly the whole
thing by one mil lio n. This produ c es the
number of defects per mil lio n operation s.
A conve rsi on table transla tes that number
in t o Si gma .

6 Sigma = 3.4 defects per mil lio n ;
5 Sigma = 230 defects per mil lio n ;
4 Sigma = 6,210 defects per mil lio n ;
3 Sigma = 66,800 defects per mil lio n ;
2 Sigma = 308,000 defects per mil lio n ;
1 Sigma = 690,000 defects per mil lio n.

Par e to Chart: This sim p le bar chart is
the mos t widely use d data display tool in
Si x Si gma becau se it identifie s which prob-
le ms occur wit h the gre atest frequ enc y or
in c ur the hig hest cos t and the refore
sh oul d be att ack ed first. A typi c a l chart

might feature reason s fo r the problem
along the horizont al axis and frequ enc y
or location along the ver tical axi s . It ali an
econ omist Vilfre do Paret o theorized that
20% of pos sib le cau ses are respon sib le
fo r 80% of any problem .

Chi2: An analytical table that tests the re-
la t ion s hip between two pos sib le cau ses of
variation to see if the rela t ion s hip is sta-
tis ti c a l ly impor tant.

Dashboard: A sco reboard on GE pro -
gres s fo r the custome r. It res emb les a car’s
in str ument pan el and replaces the oil,
mile age and tem perature gau g es wit h su ch
gauge s as order fill rat e, bil ling accur acy
and percent age of defective par ts. One
ar row on each dia l in d i c ates the lev el of
qu ali ty that the customer is seeking. The
ot he r ar row mea s ure s how far the com-
pany is from meeting that requi rement.
We lch has said that he want e d a dash-
board on eve ry custome r updated eve ry

we ek, but insid ers say that the goa l
placed unrealis ti c dema n ds on the exi st-
ing wor kfo rce. Ins tea d, busin esses are
aiming for mon thly or quarterly dash-
boards on the mos t st r ategi c custome rs.

De sig n of Experiments: A way of shif-
ting or reducing variation in a process by
carrying out a met hodical seque n ce of ex-
perimenrts rat her than att emp ting a scatt e r-
sh o t tr ial-and -er ror approach. Each com -
bin ation of adj ust ments beco m e s an equ a-
tion that can eit her be sol ved as a mat rix
or ent e red into a computer for solutio n.
DOE allow s us ers to efficie n tly test a
large number of variable s. Black Bel t
train ees learn how to vis u ali ze this
method by practising on an adj ust able
catapult that fire s a table tennis ball at a
coffee can on the floor. They must be-
co m e so famili ar wit h the mechanism
that no matt e r where the can is placed,
they can adj ust the catapult to hit it on
the first shot.

Six Sigma, Bomb ardier St yle

Bo mbardier buys eng ines for its Learjet s
fr om Allie dSi gnal and engi nes for the
Challenge r and the Canadair Regio nal Jet
fr om Gen eral Ele ctr ic. So it wasn’t long
befo re those companies’ ent husia sm for Six
Si gma practic es and Wall Street analys t s’
rhapsodic repor ts came to the att entio n of
Bo mbardier Inc.’ s st r ategi c planne rs. In the
first half of 1997, the company sent 15 em-
plo yees from its aerospace group to Mikel
Harry’s Arizona ranch for Six Sig ma train-
ing. Then, two mon ths ago, Har r y fle w to
Mo ntreal to delive r an int ensive two -day
Si x Si gma ses sio n to Bombardier chair man
Laure n t Be audoi n, his top aerospace man-
ag ement and the company’s senior exe cu-
tive s. Har r y acqu ain ted them wit h ev ery-
thing from the main Six Sig ma processes
to such advanc e d st atis ti c a l tool s as mul t i-
variat e analys is, log istic reg res sio n and Mon -
te Carlo simulation s. By the end of the year,
there wil l be more than 100 ful l-tim e Si x

Si gma -cer tifie d enplo yees dedicated to aero-
sp ace quali ty – mak ing it the mos t high -pro-
file Cana dian company to ado pt Si x Si gma .

Tr ue to Bombardier’s dis tin ctive Cana dian
culture, howeve r, cer tifie d em p l oye es wil l
be know n as Age n t s in stead of Black Bel ts.
"The label had to wor k in Fre n c h and peo -
ple had res ervation s abou t the ce inture noire
transla t ion," exp lain s Yv a n llaire, Bombardier
executiv e vi ce-pesi dent. "Also, Black Bel ts
ha d warlike connotation s." Moreove r, Bom -
bardier is not copyi ng the GE model of im-
me diat e Si x Si gma immersi on company-
wide, but is ins tea d rolling it out busi nes s
by busin ess: first in its aerospace group,
fo llowe d by the train group, the Sea-Doo
and Ski-Doo group, the capi tal group and
se rvi ces group. Allaire says that this wil l
enable them to customize the train ing ma-
ter ials to Bombardier and cre ate a corps of
Ma ster Age n t s in -hous e who can teach
the other groups, incid e n tally sav ing mon ey

on con sul t i ng fees.
Also, unlike GE, Bombardier will not

be hir ing new people to per for m the jobs
of emplo yees who were che rry-picke d fo r
Si x Si gma train ing. Bombardier alrea dy
ha s a corps of met hods eng ine e rs and
ot he r personnel dedicated ful l time to
qu ali ty. And those who have been secon -
de d fr om other are as are expected to in-
crea s e productivity so dramati c a l ly that
there wil l be no need to hire replacements.
Inde e d, the greatest gains wil l not be in
product quali ty, becau se its aircraft alrea dy
me et Six Sig ma quali ty, but in the rew ork
on the assemb ly lin e, whe re processes
hove r at the Three to Fou r Si gma .

"The re is a risk that this approach wil l turn
in t o a fad and gen erate a large number of
cons ult ants wit h the usual cycle of dis en-
chant ment and criti cism," says Allaire. "Bu t
we are a ver y unfaddish corporation. We
think Six Sig ma is a met hod of sub stanc e."
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Figure 11.1 5. PROCESS IMPRO VEMENT STRATEGIES: Six Sigma (continue d 2)

Data Bu ster

Si x Si gma gur u Mi kel Har r y’s ranch is a mag net for CEOs

Mi kel Har r y’s grammar is sometimes cor n
pone, his must ache is a sha de too gun sli n-
ge r and his pre sent ation style has the fire of
a Sou t her n Bap tis t preache r. But there is
so m ething about the hard rid in,’ steer ropin’
46 -year-ol d ranch owner and his busin ess
partne r, Rich Schroeder, that mesme rizes
CEOs. Har r y talks data . Pure una s saila ble
data . He’s an eng ine e r and statis ti cia n who
ha s transfo rme d the mushy goa l of quali ty
in t o a met hod of bre athtaking pre cisio n,
with con cret e fin a n cia l re sul ts. The duo’s
cli ent lis t in clu des Pol aroid Corp. and Lock-
he e d Martin Corp. Whi c h means Har r y is
ve ry comfo rtable financia l ly.

His wealth is evi dent in his steadily ex-
panding sprea d, the Sig ma Ranch , 140 kilo -
metres nor th of Phoenix, Ariz., in the hig h
des ert of the Mongollon Rim . Only top
executiv es, hig h-lev el Black Bel t train ees
and Wall Street analys t s are inv ited to ses -
si ons at the ranch. Horsewhips decorate the
wa l ls of the log hou se. Picture win d ows af-
fo r d a pan oramic vie w of Har r y’s eig ht hect-
ares, featuring scr ub oak and jun iper and
popula ted by mou ntain lio ns, horses and
de e r. After dazzling and often conf usi ng
train ees and guests wit h Si x Si gma statis ti cs,
Harry inv ites them outdoors to practis e

la s soi ng dum my met al steers, or to unw ind
at a cowboy biker bar at nearby Cav e Creek.
Harry and Schroeder rela x by roping the
re a l thing – wil d st e e rs. It’s not unus u al to
se e Harry at the front of the cla s sroom the
next day wit h bl oodie d arms and dusty
cowboy boots. "Mi ke and I, we like to push
the edge of the enve lope," says Schroeder.

No one que s tion s Harry’s brillia n ce, but
his origi nality is sometimes at issue. He was
em p l oye d at Moto rol a Inc.’s gov ernment el-
ectron i cs div isi on in Phoenix when he and
seve r al col le ag ues deve loped the Six Sig ma
methodol ogy in-hous e in the early 1980s,
using wel l-know n st atis ti c a l tool s . He did
not actually coi n the name Six Sig ma.
An othe r Mo t orola col le ag ue did that. And
it was a cli ent at Unisys Corp. years lat e r
who first compare d the dis ciplin e with that
of a karat e black bel t, whi c h in spired Har-
ry to cer tify train ees as "Bl ack Bel ts" in Six
Si gma . Bu t Harry’s technical finesse and
speak ing skills ear ned him the job of es-
tablis hing Moto rol a’s Six Sig ma Res earch
Institute at Moto rol a Un ive rsity. And by de-
ve loping advanc e d Si x Si gma eng ine e ring
methods and writing sev eral books on the
subj ect, he legit imately package d the tech-
niqu e as his own, in a for mat that cou ld be

adopted by other companies. By the tim e
he left Moto rol a in 1993, the company clai-
me d to be operating at nearly Six Sig ma in
mos t of its manufactur ing operation s.
Harry took his know-how to Asea Brown
Bove ri Ltd., along wit h Schroeder, another
fo rme r Mo t orola n. Lat e r he and Schroe-
de r st ruck out on their own as con sul tants
(o r "g urus," as Schroeder likes to say) , fo un-
ding their Six Sig ma Aca demy in Phoenix.

Harry does not come cheap. The fee to
li cense his met hod and train a core group
of Black Bel ts starts at $1 mil lio n (U. S.) and
ramps up, base d on the cli ent company’s
gr oss rev enues. Train ing each addit ion a l
cl ass of 25 Black Bel ts cos t s $1 50,000. He
fe e ds subcont r act s to nearly a dozen other
fo rme r colleagues from Moto rol a who hav e
set up two othe r Si x Si gma cons ult ancie s ,
in clu ding Har r y’s neighbour, Mike Car nel l,
a for mer bull rid er who is cur rently deliv-
er ing Six Sig ma train ing to Nav ist ar Int e r-
nation a l Corp. Cana da em p l oye es at its
tr uck pla n t in Chatham , Ont. Aske d whe-
ther it is an accid e n t of geog raphy that so
ma ny Six Sig ma con sul tants are cowboys ,
Carnel l says : "No. It’s just becau se we
aren’t smart enoug h to know when to quit.
We want to reach Six Sig ma in eve ryt hing."

The Four Phase s of We lch’s GE
Re struc tur ing 1981-1 985

This is the progr am that shrank GE’s wor k-
fo rce from 404,000 to 304,000 and earned
We lch the nickname "Neutron Jack." Soon
after taking offic e as CEO, Wel ch drew
thre e in terse cting circle s on the back of an
enve lope and placed GE busin esses that
we re No. 1 or No. 2 in their indust rie s in -
si de the circle s. Any operation s ou tsi de the
ci r cle s , he said, wou ld be "fixed, clo sed
or sol d." GE div est e d 125 busin esses or
pi eces of busin ess units, inclu ding its be-
love d hous eware s operation, whi c h ma de
GE toa sters, iron s and coffeema kers. It
acqu ire d entirely new busin esses, inclu d-
ing Emplo yers Rei nsuranc e Corp. And it
la id off 170,000 emplo yees from 1981 to
1991. Corporation s arou nd the world fol-
lowe d suit. GE ear nings ros e fr om $1.7
bil lio n (U.S.) to $2. 3 bil lio n.

Wo rk-Out 1988 -1992
We lch’s conf ron tation a l ve rsi on of kaizen
wa s on e "o ne of the big gest pla nne d ef-
fo rts to alter people’s beh aviour sin ce

Mao’s Cul tur al Rev olu tio n," according to
GE con sul tant Len Schle singe r. GE em-
plo yees at all lev els from all different busi-
nesses gat hered in tow n-hall meetings to
air frust r ation s and for ward new idea s fo r
elim inating unproductive tasks, wit hou t
fe ar of reprisals from their super iors.

Wo rk-Out laid the grou ndw ork for Six
Si gma by ham me ring away at usele ss bu-
re auocracy and teaching the skill of pro -
cess map ping. But many emplo yees re-
ma ine d suspicious that the process was
re a l ly a way of eli min ating more jobs.
There was lit tle copyc atting by other cor-
poration s. Ear nings ros e fr om $3.4 bil-
li on to $4.7 bil lio n.

Change Acceler ation Pro cess 1992-
1995 We lch’s idea for getting his 12 dis -
parate busi nes s es to talk to each othe r to
speed up change. Tou ting the notio n of a
"boun d aryle ss organization," a value that
ha d been kicking aroun d the company sin -
ce the lat e ‘80s, he als o soug ht to open di-
alog ue wit h suppli ers, custome rs and par t-

ne rs in glo bal marke ts. Ear nings ros e
fr om $4.7 bil lio n to $6.6 bil lio n.

Six Sigma 1995 -2000
We lch’s last stand . A progr am to train all
salarie d em p l oye es (roug hly one -thir d of
the company’s emplo yees) in hig h-lev el
st atis ti c a l analys is to drive out defects –
not just in manufactur ing but in com me r-
ci al trans actio ns as wel l. In 1995, GE
wa s av eragi ng 66,000 defects per mil lio n.
We lch is pushing his manage rs to squ eeze
it dow n to 3.4 defects per mil lio n by 2000.
As he said to a gat her ing of GE operating
ma n age rs in Boca Rat on, Fla ., last Janu ary:
"You’v e go t to be lun ati cs on this sub ject.
Yo u’v e go t to be passio nat e lu nati cs." But
the ruthle ss mes sage from the Rest ructur-
ing pha s e wa s also the re: "We want only A
playe rs. Shame on any of you who are n’t.
Don’t spend all that tim e to work pla ns to
ma ke Cs into Bs. Mov e ‘e m ou t early". This
writ e r’s pre diction: Companies aroun d the
wo r ld will be falling ove r themselves to
adopt GE-style Six Sig ma. Ear nings to
date hav e risen from $6.6 to $7. 3 bil lio n.

This dis cus sio n of the chronology of Wel ch’s tim e as CEO of GE is not able for the
id e a (in the secon d paragr aph of the middle colum n) that the grou ndw ork for implem e n ting Six Sig ma was laid by inculc ating
co mpany-wid e pr ocess thin k ing (o r ev en sta tis tical thin k ing) [a s defin ed on pag es HL91.1 8 and HL91. 21 in Statis ti c a l Highlig ht #91].
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Book s by Mikel Har r y:

The Gre at Discovery: A Pr ocess That Cre ates Bre akthrou gh In Everything You Do. Harry, M.J. and Law son, C. The Gre at
Discov ery LLC, Sco ttsdale, Arizona, Feb ruary, 2010 .

Pra ctitioner’s Gui de to Statis tics and Lea n Six Sig ma for Pro ces s Im prove men t s. Harry, M.J., Mann, P. S., De Hodgi ns, O.C.,
Hulber t, R.L. and Lacke, C.J. John Wiley & Son s Inc., Hoboke n, New Jersey, 2010 .

The Six Sig ma Fieldbook: How to Successfull y Im p lem ent the Six Sig ma Bre akthrou gh Manag ement Stra teg y. Harry, M.J. and
Li nsema nn, D. Doub leday Random Hou se Inc., New Yor k, March 15, 2005.

De mys tifying the 1.5s Shift: Sta tis tical Theor y and Eng ineer ing Rationale. Harry, M.J. Palladyn e Publis hing. Phoenix, Ari-
zona, 2003.

Six Sig ma Knowle dge Des ign: Illuminating the Path to Successful Dep loymen t. Harry, M.J. Palladyn e Publis hing, Phoenix,
Arizon a, 2002.

Six Sig ma: The Bre akthrou gh Manag ement Stra teg y: Rev olu tionizing the World’s Top Corpora tions. Harry, M.J. and Schroe-
de r, R. Doub leday, Random Hou se Inc., New Yor k, New Yor k, 1999.

The Vision of Six Sig ma. Harry, M.J. Volum e s 1 throu gh 8, Tri Star Pub lis hing, Phoenix, Arizona, 1997.

The Vision of Six Sig ma: The Tools of Bre akthrou gh. Harry, M.J. Sig ma Pub lis hing Company, Phoenix, Arizona, 1994.

The Vision of Six Sig ma: A Roadmap for Bre akthrou gh. Harry, M.J. Sig ma Pub lis hing Company, Phoenix, Arizona, 1994.

On e-Way Analysi s of Var ian ce. Harry, M.J. and Prins , J. Moto rol a Un ive rsity Pre ss, Schaumberg, Illin ois , 1991.

Six Sig ma Pro ducibility Analysi s and Pro ces s Chara cterization. Harry, M.J. and Law son, R. Pub lication 6s-3-03/88, Mo-
to rol a Un ive rsity Pre ss, Schaumberg, Illin ois , Se con d Edit ion, 1990, pp. 1-125.

Six Sig ma Mechani cal Des ign Tolera nci ng. Harry, M.J. and Stewart, R. Pub lication 6s-2-10/88, Moto rol a Un ive rsity Pre ss,
Schaumberg, Illin ois , Se con d Edit ion, 1988, pp. 1-60.

The Nature of Six Sig ma. Harry, M.J. Gov ernment Ele ctron i cs Group, Moto rol a Inc., Sco ttsdale, Arizona, First Edition,
pp.1-25, 1987.

Achieving Qua lity Excel len ce: The Manag ement Per spect ive. Harry, M.J. Res earch Dyn a m i cs, Tem pe, Arizona, Secon d Edi-
tion, Pub lis hed by the Gov ernment Ele ctron i cs Group, Moto rol a Inc., Sco ttsdale, Arizona, First Edition, 1986.

Achieving Qua lity Excel len ce: The Technical Per spect ive. Har r y, M.J. Res earch Dyn a m i cs, Tem pe, Arizona, Secon d Edit ion,
Publis hed by the Gov ernment Ele ctron i cs Group, Moto rol a Inc., Sco ttsdale, Arizona, First Edition, 1986.

Achieving Qua lity Excel len ce: The Stra teg y, Tactics, and Tools . Harry, M.J. Res earch Dyn a m i cs, Tem pe, Arizona, Secon d
Edit ion, Pub lis hed by the Gov ernment Ele ctron i cs Group, Moto rol a Inc., Sco ttsdale, Arizona, First Edition, 1986

In the secon d paragr aph of the middle colum n on pag e 11 .87 of the article EM9706, it is stated: Sigm a is a sta tis tical unit
of mea surem ent that means a sta n dar d devi ation fro m a mea n. All pro ces ses ... devia te bec ause of human error or oth er
ci rcumsta nces. A Six Sig ma pro ces s re d uces that devia tion to no more than 3.4 defec t s per million opera tions. Re wrire this
ex pla n ation in poi nt for m so as to make its meaning more acces sib le to a rea de r withou t fo rma l st atis ti c a l train ing.

• Discus s br iefly the implication s of this inst anc e of exp lain ing statis ti c a l id e as for the wid er goa l of mak ing socie ty more
st atis ti c a l ly infor med .

1

In the secon d-last parag raph of the middle colum n on pag e 11 .89, Six Sig ma met hods identifie d a long-st anding wrong
hole -si ze speci fi cation for circuit boards as the caus e of a problem . Explain briefly how the discus sio n in this parag raph
im p lie s that this problem cou ld hav e beed resol ved much soone r and wit hou t Si x Si gma .

• Describe briefly how Dem ing’s 14 poi nts (on pag e 11 .56 in Fig ure 11.1 0a) mig ht hav e been usef ul in this situation.

2

In lig ht of dis cus sio n in the article EM9706 of GE’s adpotion of Six Sig ma practic es, co mmment criti c a l ly on the fol low ing
thre e st atments from the middle parag raph of the rig ht colum n in the Bombardier box on the lowe r half of pag e 11 .90:

• Bombardier alrea dy has a corps of met hods eng ineer s and oth er per son nel dedicated full time to qua lity.

• ... those who have bee n se con ded from other are as are expec ted to incre ase pro ductivity so dra matically that there will
be no nee d to hire rep lacem ents .

• ... the gre atest gai ns will not be in pro duct qua lity, bec ause its air craft alrea dy mee t Six Sig ma qua lity, but in the rewor k
on the assembly lin e, where proces ses hover at the Three to Fou r Sigm a.

3

Discus sio n ov erleaf in the middle colum n of the box on the upper half of pag e 11 .91 refers to books about Six Sig ma writt en
by Harry. A Google search in December, 2025, yielde d the 18 tit les lis ted on the upper half of this pag e 11 .92 (althou gh
there is some variation in title wording and authorship in rela ted adve rtizing). From thes e titles and othe r infor mation in the
ar ticle EM9706, des cribe briefly what you infer about Har r y’s dev elo pment and promu lgation of Six Sig ma.

4

In lig ht of the infor mation pre sent e d in this Fig ure 11.1 5 , discus s cr iti c a l ly the stat ement: Crea ting a com pany culture wher e
th e over riding con cer n of every employee is qua lity, toget her wit h routin e application of pro ceess (and sta tis tical) thin k ing, is
as impor tant in ach ieving success as usi ng the technical meth odologi es of Six Sig ma.
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