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Sw eat ing the Det ails
__________________________

Pain staking appli c ation of the sev en tools of exper iment al desig n
can isola te a fau lty link in the chain of produ ction

The so-called "seve n tool s" identifie d by the
Ja pan es e qu ali ty-con trol exper t Kaoru Ishi-
kawa can seem com mon sensi c a l, eve n si m-
plis ti c, to those who have nev er had to sor t
throug h a complex indust ria l proces s in
search of the caus e of a nag ging defect in
the end produ ct. Inde e d us e of the sev en
tool s is no guarant e e that the key fact or (or
fact ors) wil l be easily identifie d and recti-
fie d. But they do hel p to focus the att entio n
of the indust ria l sleuths assig ned to track
down the culprit, and (if applie d with dili-
ge n ce) they can offer con cret e clue s on how
to cor rect the problem .

All sev en tools are sim p le statis ti c a l meth-
ods. Indivi d ually, they are use d to gat her,
so rt and pre sent infor mation abou t co mplex
in du s trial processes, infor mation that can then
pi npoin t probable cau ses of defects. In com -
bin ation, they can weed out red her rings and
separate key finding s fr om dis tracting det ail.
And in con cer t with desig ned exper iments,
they can then isola te key variable s and im-
prov e qu ali ty, produ ctivity, efficie n cy and pro -
fit s.

1. Che ck sh eet s: ov er any per iod of tim e,
so m e products of any process are bou nd to
be defective in some way. The obs ervation
of the total number of defective items is
therefore not usef ul in its elf in det e rmining
the sou rce of troub le. Ins tea d, che ck she ets
(d etailed dat a obs ervation charts) are use d to
divi de the fau lty output by type of defect:
thos e with crack s , fo r ex ample, those that
are the wrong size, those that are not hard
en oug h, and so for th.

2. Par e to diag rams: the res ult s gat hered
on the check she ets are then displaye d as
Paret o diag rams, sim p le bar charts use d to
display defect types in des c ending order of

occur renc e. Paret o charts hel p distinguis h
thos e defe cts that are impor tant and oug ht
to be studied from those that are trivi al or
random fau lts.

3. Cau se-an d-effect diagrams: on ce the
mos t im por tant defe cts are identifie d, the
possib le cau ses (and caus es of cau ses) of
thos e defe cts must be map ped out by those
fa m ili ar wit h the produ ction process – tech-
nicia ns, engi neers, forem e n. The res ulting
diag ram is known as a fishbone chart be-
caus e the lin es of cau se and effect conve rge
li ke the bon es of a fish. The fishbone chart
can focus discus sio n on key steps in the
proces s, but the fishbone chart is often only
the first step toward fur the r inve s tig a t ion,
using Ishikaw a’s fou r ot he r tool s .

4. Histo grams: bar charts showing the
dist rib u tio n of dat a within a popula t ion –
summarizing, for exa mple, the variation in
the mag n itude of the defe ct (what size of
cr ack is mos t co mmon, for exa mple) .

5. Str atificat ion charts: his t ogr ams can
themselves be fur the r split into stratific ation
charts, by plo tting sprea ds evi dent in the
his t ogr ams aga inst othe r fact ors – by, say,
production lin e (to see whet her certain com-
ponents have a tendenc y to produ c e mo re
defe cts than othe rs) , or by raw mat e ria l
batch (to see if mat e ria l prov ide d by one
suppli er has a gre ater pro pensity to produ c e
defe ctive items).

6. Scatt er diagrams: if the re are impor-
tant variation s in the produ ction process –
su ch as ove n temperature – then defe cts can
be plo tted aga inst tem perature to see if
thes e (o r perhaps eve n defe cts of a cer tain
type) tend to clu s ter at hig her or lowe r tem-
perature s.

7. Contro l charts: the fluctuating facto rs
ex amine d in scatt e r diag rams can also be
ex amine d fo r thei r degree of variation ove r
time, to det e rmine if the con trol (or lack of
cont rol) of ove n temperature, for exa mple, is
coin cid e n tal wit h greater or fewer defects.

Onc e inve s tig a tors hav e ap plie d the sev en
tool s to key variable s in the process, a "d e-
sign ed exper iment" may then be con duct e d.
Design ed exper iments are use d to test key
fact ors in con trolled combin ation s to iden-
tify root cau ses of defects. It’s an on-go ing
proces s: the tool s us ed above can be appli ed
in various combin ation s, the res ult s test e d in
cont rol led exper iments, the outco m e of the
ex per iments sor ted using the sev en tools , the
re sul ts then test e d in fur the r ex per iments.

The problem is, running such exper iments
can be cos tly and tim e cons uming. The job
of exper ts such as Jef f Wu is to carve the
number of exper iments down to a manage-
able number by pains tak ing and rig orous
ap plication of his statis ti c a l ex per tize.

Do thes e methods wor k? A qu ali ty-con-
trol indust ry mag azi ne, Qu ali ty Progr ess, re-
ported in Jun e, 1987, the case of Mat sushita
Electr ic Corp. of Ame rica, whi c h boug ht an
Amer ican telev isi on pla n t near Chi c age sev-
eral years ago. At the tim e of the acquisi-
tion, the rej ect rat e on the produ ction lin e
wa s an inc redib le 146% –  meaning that mos t
televi sio n sets were pul led off the lin e to be
rep aired at lea st on ce, and many were pul led
tw ic e. Fiv e ye ars lat e r, by usi ng the tools
des cribed here, the Jap anese management
ha d brou ght the rej ect rat e down to just 2%
– wit h si mul tan eou s im prove ments in qual-
ity, produ ctivity and morale.
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