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Figure 11.13a. PROCESS IMPRO VEMENT STRATEGIES: Setting Standards

EM9104: The Globe and Mail, Janu ary 17, 1991, page B8

SIX SIGMA / U. S. firms are embra cing a defec t-reduct i on stra teg y that will hel p th em lo wer their costs

Setting standards for pro duct qual ity
BY GLENN RIFKIN
Ne w Yo rk Times Ser vice

W
HEN Moto rol a Inc.’s fiscal year
ende d in December, the pay-off
fr om improvi ng the quali ty of the

co mpany’s manufactur ing operation s su dden -
ly became evi dent: $500 -mil lio n (U. S.) save d
du ring the year by reducing defects.

Digital Equ ipment Corp. of May nard,
Ma s s., ben efit e d fr om improvi ng its quali ty
as wel l. Its sto r age div isi on cut its produ ct-
defe ct rat es by 60 per cent in one year, whi c h
meant a 25-per-cent reduction in ove r all pro -
du ct cos t s.

What thes e su ccess sto rie s have in com-
mon is that they were accomplis hed unde r
the banne r of "Si x Si gma," a three -ye ar-ol d
defe ct-reduction strategy. Six Sig ma was
first used by Moto rol a of Schaumburg, Ill.,
and is now bei ng embraced by a growing
number of Ame rican companies seeking to
im prove quali ty.

"If you con trol you r proces s es ve ry tig htly,
you don’t produ c e defe cts and the refore you
don’t hav e to refi ne and rep air defe cts," said
Richard Bue tow, senior vic e-presid e n t and
directo r of quali ty at Moto rol a. "Yo u don’t
ne e d the ext r a people and equ ipment."

Si x Si gma is a statis ti c a l ter m att ache d to
the con cep t of achievi ng approxi mat ely zero
defe cts – actually 3.4 – per mil lio n opportu-
nities. Sig ma – the 18th letter of the Gre ek
alphabet – refe rs to the number of standard
devi a t io ns from the mean in any giv en sta-
tis ti c a l ly mea s urable process. The mean is
the arithmeti c av erage; the standard dev ia-
tion is a mea s ure of variation from that av-
erage.

Si x Si gma requ ire s no new manufactur ing
equipment, but it does requi re ret hinking the
ma n ufactur ing process. It is, the refore, ver y
diffic ult to take an exi sting produ ct lin e and
br ing it all the way up to Six Sig ma. "Yo u
can’t take an old produ ct and mov e it to Six
Si gma," Mr. Bue tow said. "Yo u ne e d to star t
with a cle a n sh eet of paper".

Acco r ding to John Early, vic e-presid e n t of
re search and deve lopment for the Jur an In-
stitute, a quali ty-con sul t i ng firm in Hilt on,
Conn., eve ry process has a mea s ure of vari-
ability to it, whether it is sol d ering a chip on
to a silicon wafer or deliv ering a package.
"A key thing in quali ty is to keep the varia-
tion as clo se to the mean targe t as you can,"
Mr. Early said.

If Six Sig ma were use d at home in the

kitchen for bak ing bre ad – whi c h woul d
neve r be the case – the process mig ht wor k
li ke this: First, the recipe wou ld be ana-
ly zed to see whet her there were ways to re-
du c e the number of ing redie n t s.

Next, the measuring process wou ld be as-
sesse d to see which were the more diffic ult
task s. Goals wou ld be est ablis hed for the
number of accep table mea s uring errors.

Te chnol ogis t s woul d assess whether the
risi ng time of the doug h coul d be sho rtene d
and they wou ld refit the ove n cont rol s to
ma ke them more accur ate. In the end, the
brea d woul d be sampled by the group that
wrot e the recipe to see whet her it con-
fo rme d to expectation s.

THE quali ty of mos t ma n ufactur ing pro -
cesses in the United States is plu s or min u s
thre e sigma, whi c h means the re are 66,810
defe cts per mil lio n opportun ities for erro r.
Mo t orola saw a cle ar pot entia l to achieve
bett e r re sul ts.

"The re’s no gre at secret to all this ," Mr.
Bue tow said. "Yo u si mply look at a process,
cent re the mean and reduce the variation;
do it the same way eve ry tim e." In other
wo r ds, wit h Si x Si gma, the company set s a
target for the number of per mis sib le errors
fo r each ser ies of operation s and holds to
that goa l. Six Sig ma was con ceive d at Mo-
to rol a in early 1987. Moto rol a’s chair man
Ro ber t Galvi n, tired of hearing custome r
co mplaints about quali ty, sent out a com-
pany-wid e directive. In it, he urged all em-

plo yees to be relentle ss in improvi ng quali ty.

"We cou ld be doi ng from 5 per cent to 20
per cent more busin ess and provi ding a
st ea dier base of produ cts and ser vic es, if we
woul d but ris e to the challenge and provi de
ou r custome rs the per fection that they ex-
pect," Mr. Galvi n wrot e.

Mo t orola’s five -ye ar quali ty pla n, which
bega n with Mr. Galvi n’s 1987 mem o, called
fo r the company to achieve Six Sig ma cap a-
bility by 1992. That meant a 10 -fo ld reduc-
tion in defects by 1989 and a 100-fo ld re-
du ction by 1991 from the 1987 rat e.

Mr. Bue tow says Moto rol a is wel l on its
way to Six Sig ma. "We wil l be clo se. The
ev olu tio nar y proces s is alrea dy payi ng off.
We realized a sav ing s of $500 -mil lio n in
ma n ufactur ing cos t s this year. The targe t is
to reach $1-bil lio n in sav ing s in 1992."

As a winne r of the Malcolm Bald r ige
Aw ard for Quality in 1988, Moto rol a wa s
requ ire d by the U.S. Com me rc e Depart-
ment, whi c h aw ards the prize, to open its
doors and let other Amer ican companies
se e how it has achieve d it s qu ali ty goa ls.

Among the first visit ors were Int e rnation a l
Bu sin ess Machin es Corp. and Digital Equ ip-
ment Corp., and othe rs such as Cor ning Gla s s
Wo rks, Nor ther n Te lecom Inc. of Nashvil le,
Te nn., Boeing Co. , Caterpi llar Inc. and Ray-
theon Co. that hav e subs equ ently initiat e d Si x
Si gma progr ams.

Acco r ding to Stephen Schwartz, IBM’s
senior vic e-presid e n t of marke t-drive n qu al-
ity, Six Sig ma is now a criti c a l part of a
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co mpany-wid e in itiative to improve quali ty.

At the end of this year, IBM expects to re-
du c e defe cts by 10 tim e s , by 1993, another
10 tim e s , and by the end of 1994, the com-
pany says it shoul d att ain Six Sig ma. "Si x
Si gma bring s a com mon langu age to unde r-
st anding defects and putting an actio n plan
in t o place," Mr. Schwartz said.

IBM is hoping Six Sig ma wil l help cut
signific a n tly into the $2.4 -bil lio n it paid in
warranty cos t s in 1989. "People alw ays gav e
li p se rvi ce to quali ty", Mr. Schwartz said.
"Ninety-nin e-per-cent good sou nde d ter rific."

Bu t in fact, according to an IBM manage-
ment repor t, a 99-per-cent defe ct-fre e rate
transla tes nation a l ly into 20,000 pie c es of
ma il los t ev ery hou r; 5,000 incor rect sur gi-

cal procedure s ev ery week; and, insid e IBM,
10 defects out of eve ry 1,000 sol d er joi nts on
a computer mot he r board .

IBM is usi ng it s Rochest e r, Minn., pla n t to
set the standard for quali ty across the entire
co mpany. In 1990, that pla n t won a Bald -
rige Award for its work on the AS/400 mid -
rang e co mputer.

A speci ali st in the company’s ele ctron i c
card assemb ly group was able to show the
Ba l drige exa m ine rs weekly quali ty repor ts
detailing a defect rat e of sev en par ts per
millio n – alm o st Six Sig ma.

Digital is requi ring its senior manage rs to
take Six Sig ma train ing, according to Frank
McCabe, vic e-presid e n t of corporate quali ty.
Digital’s Six Sig ma pla n is aim ed at eli mi-

nating "non-value -adde d cos t s" such as war-
ranty rep air ser vic e which gen erally take 25
per cent from each sales dollar at mos t
co mpanies.

"Our focus is to eli min ate 50 per cent of
the defects per year in eve ry par t of the
co mpany until we get them all," Mr. McCabe
said. He pre dicts the progr am can improve
the entire company’s financia l pi cture by as
mu ch as 5 per cent of net sales – or about
$650 -mil lio n.

At IBM, Dig ital and Moto rol a, eve ry pro -
cess has been or is bei ng re -ev a luated to
elim inate defects. "We’v e ev en reduced de-
fe cts in the way we do our financia l repor t-
ing," Mr. Buelow exp lain s. "By reducing cy-
cle tim e s , we’v e cu t $44 -mil lio n ou t of the
cos t of our final audit."

Ne ar the bottom of the left-hand colum n ov erleaf on pag e 11 .79, Mr. Early is
quot e d as sayi ng: A key thing in qua lity is to kee p th e variation as close to the mean tar get as you can . Explain briefly the
sta tis tical is s ues inv olved in this statement.

• If necessar y, rewrite the statement to make its meaning cle are r.

1

It can be shown that, for the standard nor mal dist rib u tio n, Pr[N(0, 1) ≥ 4. 5] = 0.000 003 398. In lig ht of this infor mation,
discus s cr iti c a l ly the stat ement in the fifth parag raph of the left-hand colum n ov erleaf: Six Sig ma is a sta tis tical term at-
ta ched to the con cep t of ach ieving appro xim atel y zero defec t s – actua lly 3.4 – per million opp ortunit ies.

• In the secon d-last parag raph of the middle colum n ov erleaf, it is stated that : The qua lity of mos t manufacturing pro-
cesses in the Unite d St ates is plu s or minus three sig ma, whi ch mea n s th ere are 66,810 defec t s per million opp ortunit ies
fo r er ror. Su gge s t the basis for the figure of 66,810 in this statement.

−− Comment on the wording of the stat ement in the article EM910 4 in lig ht of you r sugg estio n.

2

St arting at the bottom of the middle colum n ov erleaf on pag e 11 .79, Richard Bue tow, senior vic e-presid e n t and directo r of
qu ali ty at Moto rol a Inc., is quoted as sayi ng: Yo u si m p ly look at pro ces s, cen tre the mean and reduce the var iation; do it
th e sa m e way every time. Outlin e, in the con tex t of quali ty improve ment, the sta tis tical is s ue(s) inv olved in ea ch of the fo ur
phrases that make up this statement.

3

Comment briefly, from a sta tis tical perspectiv e, on the wording of the tit le of the article EM0009 reprint e d below.4

There is fur the r discus sio n of Six Sig ma in Fig ure 11.1 5 .

The article EM0009 reprint e d below als o deals wit h qu ali ty standards and diffic ulties they may inv olve.

EM0009: The Recor d , Wa ter l oo Region, Octo ber 14, 2000, page A12

WASHINGT O N

Too many screws loose on American aircr aft
Associa ted Press

U.S. airc raft may hav e too many screws
loos e, the U.S. Transportation Dep art-

ment’s inspect or-ge neral said.

Inve s tig a tors fou nd more than one -qu arter
of screws and bol ts test e d at random didn’t
me et speci fi cation s, an inspect or-ge neral’s
repor t rele ase d ye s terday said. The repor t
in clu ded no repor ts of accid e n t s re sul t i ng
fr om sub -st andard par ts.

"We are not seeing a problem in ser vic e,"
Fe deral Avi a t io n Administ r ation spoke sma n
Elio t Br enner said.

"Airplan e parts are hol d ing tog ether. The
fig ure they came up wit h is a surpris e to us,"
he said, noting the FAA has lau nche d an
ev a luation of screw and bol t ma n ufacture rs.

A 1990 law, the Fastene r Quality Act, re-
qu ire s screws , bolt s and othe r fa stene rs use d
in airc raft to meet str ict speci fi cation s.

In an effor t to check fast ener quali ty, in-
specto rs from the inspect or-ge neral’s offic e
randomly col lect e d 17 6 fa stene rs from the
inve n t ories of air lin es and rep air station s.
The items were selected from a lis t of criti-
cal par ts use d in Boeing, Pratt & Whitney,

Gene r al Ele ctr ic and Bombardier produ cts.

Thes e parts were sent to the Scie n ce and
Engi neer ing Laborato ry at Hil l Air Force
Ba s e fo r testing, and 48 screws and bol ts –
27 per cent – were fou nd wit hou t co rre ct
thre ad dim e nsi ons , the repor t said.

When the FAA was advis ed of this find-
ing, it had the items re-test e d by the manu-
facture rs. When this was don e, only three
per cent were fou nd not to comply, the re-
port said.

The inspect or-ge neral’s repor t said the dif-
fe renc es rais e se rious que s tion s abou t qu ali ty.
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